-1- TITLE OF THE | NVENTI ON Process for Isolating Metallic Ruthenium or

Rut heni um Conpounds from Rut heni um Cont ai ni ng Sol i ds RELATED APPLI CATI ONS 5
This application clains benefit to German Patent Application No. 10 2008 039
278.2, filed August 22, 2008, which is incorporated herein by reference in
its entirety for all useful purposesleACKGROUND OF THE | NVENTI ON The
present invention relates to a process for nobilizing netallic ruthenium or
rut henium 10 conpounds frB BBl OHsTHE IVENBIAN | e rut heni um conpounds by
nmeans of a gas stream containing a hydrogen halide and carbon nonoxi de,

preferably hydrage lor.1 d arbon i de nd for, ksolating the
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cooling, e.g. in relatively Rghéhig@CsntaihihgiBi cul ar on rel atively cold
surfaces, absorption in suitable solutions or adsorption on suitable

support materials. 15 A typical field of apFIication for a solid containing
metal lic ruthenium or rut henREEATEDDBUREATIONS s use as catal yst for the

preparation of chlorine by thermal gas-phase oxidation of hydrogen chloride
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advant ageous to use catalysts which have a very high activity and all ow t he
react i BWPPeSproceed at a | ow tenperature. First catalysts for the oxidation

of hydrogen chloride contained copper chloride or oxide as active conponent

and were descri bed by , e er, these had only |[|ow
activities at | ow tenpgrag %@9%%%?ﬁgﬁﬁml r activity could be
i ncreased by 25 increasing the reaction tenperature, a di sadvantage was that
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significant pragress, has been _able to be achieved up to the 1960s despite
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af ter E&ﬁaiﬁl@ca%&gren%ﬁdg B &fbon monoxide, preferably hydrogen chloride and carbon

monoxide, and for isolating the previously mobilized ruthenium compounds, preferably by
deposition with cooling, e.g. in relatively cold zones, in particular on relatively cold surfaces,

absorption in suitable solutions or adsorption on suitable support materials.

15 A typical field of application for a solid containing metallic ruthenium or ruthenium
compounds is its use as catalyst for the preparation of chlorine by thermal gas-phase oxidation

of hydrogen chloride by means of oxygen:
4HCl + O, = 2CL + 2H,0

This reaction is an equilibrium reaction. The position of the equilibrium shifts away from the
20  desired end product as the temperature increases. It is therefore advantageous to use catalysts

which have a very high activity and allow the reaction to proceed at a low temperature.

First catalysts for the oxidation of hydrogen chloride contained copper chloride or oxide as

active component and were described by Deacon as early as 1868. However, these had only

low activities at low temperature (< 400°C). Although their activity could be increased by
25  increasing the reaction temperature, a disadvantage was that the volatility of the active

components led to rapid deactivation.

- Since no significant progress has been able to be achieved up to the 1960s despite tremendous

research activities in this field, the Deacon process named after the discoverer was pushed



-2 into the background by chloroal kali electrolysis. Virtually the entire
production of chlorine was carried out by electrolysis of aqueous sodi um
chloride solutions until the 1990s [U |l mann Encycl opedia of industrial
chem stry, seventh rel ease, 2006]. However, since the worldw de denmand for
chlorine is currently growi ng faster than the demand for sodi um hydroxi de,
the 5 attractiveness of the Deacon process remains since in this way
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Chem stry, 2006 W/ ey-VCH Verlag, Winheim pp. 57-62. Such anodes consi st
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' s the pﬁhﬁ&&foﬂ! ¥817%247 592 B2 describes a catalyst containing metallic ruthenium or

ruthenium compounds for the selective oxidation of carbon monoxide. The use of catalysts
containing metallic ruthenium or ruthenium compounds for a dual effect in the field of
exhaust air treatment is known from US 7 318 915 B2. Here, the catalyst described oxidizes

20  carbon monoxide and volatile hydrocarbons while nitrous gases are reduced at the same time.

Further typical fields of application for solids containing metallic ruthenium or ruthenium
compounds are electrodes for the preparation of chlorine by electrolysis of solutions
containing sodium chloride and/or hydrogen chloride. In the electrolytic preparation of
chlorine, dimensionally stable anodes (DSAs) are used, cf. Ullmann's Encyclopedia of

25  Industrial Chemistry, 2006 Wiley-VCH-Verlag, Weinheim, pp. 57-62. Such anodes consist of
titanium coated with a ruthenium-containing coating. Further typical constituents of such

coatings are oxides of iridium, titanium, zirconium and tin.

A further use of solids containing ruthenium or ruthenium compounds is the electrolytic
production of hydrogen. The electrolytic production of hydrogen is carried out using,
30  according to Ullmann's Encyclopedia of Industrial Chemistry, 2006 Wiley-VCH-Verlag,

Weinheim, pp. 62-63, not only other metals such as platinum, rhodium, Raney nickel but also



production of hydrogen. The electrolytic production of hydrogen is carried
out using, 30 according to Ul mann's Encycl opedia of Industrial Chem stry,
2006 W ey-VCH Verlag, Winheim pp. 62-63, not only other netals such as
pl ati num rhodi um Raney nickel but also -3- rutheniumfor reducing the
hydr ogen overvol tage. Such cathodes copsi st of nickel or stainless steel
coated with a rutheniumcontaining coating. In addition, many further uses
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chloride being fornmed and going into solution, and (iii) fiuther work-up if

appropriate. JP 03-013531 A discloses a process for recovering ruthenium
from r %) 2008062588 Ailrdisrdoses athreersiage processifprereneriog irgdeninmaisem arselid eact ed
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atmosphere and (iii) mixing the solid with an oxidizing solution, resulting in ruthenium

15 compounds going into solution.

DE 102005 061954 A1 discloses a three-stage process for recovering ruthenium from an
exhausted ruthenium-containing catalyst which contains ruthenium as ruthenium oxide on a
support material which is sparingly soluble in mineral acid, by (i) reduction in a stream of
hydrogen, (i) treatment of the reduced catalyst with hydrochloric acid in the presence of an
20  oxygen-containing gas, resulting in ruthenium (III) chloride being formed and going into

solution, and (iii) further work-up if appropriate.

JP 03-013531 A discloses a process for recovering ruthenium from residues containing
ruthenium or ruthenium oxide. These are reacted with gaseous chlorine at elevated
temperatures to form ruthenium chloride. The volatile ruthenium chloride is subsequently

25  passed through a barium chloride solution and collected as water-soluble BaRuCls.

JP 58-194745 A discloses a process for recovering ruthenium, in which ruthenium oxides
present on a corrosion-resistant support are firstly reduced to metallic ruthenium and

subsequently converted into soluble alkali metal ruthenates.

EP 767243 B1 describes a process for recovering ruthenium from exhausted catalysts by



JP 58-194745 A discloses a process for recovering ruthenium in which

rut heni um oxi des present on a corrosion-resistant support are firstly
reduced to netallic rutheniumand subsequently converted into sol uble

al kali metal ruthenates. EP 767243 B 1 describes a process for recovering
rut heni um from exhausted catal ysts by-44 nobilization of ruthenium
conpounds by neans of gaseous hydrogen chloride. The nobilized netal
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The as yet unpublished German application with number DE 10 2007 020 142.9 describes a
four-stage process for recovering ruthenium from a ruthenium-containing, supported catalyst
material by (i) chemical digestion of the catalyst material, (ii) production of a crude
ruthenium salt solution, (iii) purification of the crude ruthenium salt solution and (iv) further

20  treatment steps to-isolate ruthenium chloride.

It is obvious that an easy-to-handle gas-phase process by means of which metallic ruthenium
or ruthenium compounds can be mobilized from solids, in particular from solids which are
insoluble in mineral acids, at moderate temperatures without complicated pretreatment,
without the processing of solids slurries, in particular without mechanical pretreatment of the
25  solid, and the previously mobilized ruthenium compounds can be recovered in a simple
manner has yet to be developed. It is therefore an object of the present invention to provide a
simple and efficient process for mobilizing metallic ruthenium or ruthenium compounds from

solids and recovering the previously mobilized ruthenium compounds.



25 solid, and the previously nobilized rutheni um conpounds can be recovered
in a sinple manner has yet to be developed. It is therefore an object of
the present invention to provide a sinple and efficient process for
mobi l'i zing nmetal lic ruthenium or rutheni um conpounds from solids and
recovering the previously nobilized rutheni um conpounds. -5- EMBODI MENTS OF
THE | NVENTI ON An enbodi nent of the gresent invention is a process for

recovering netallic rut HEYiBORIYENT thmﬁimmnd froma solid

cont ai ni ng ruthenium or a rutheni um conpound conprising treating said solid
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t he hydrogen " halide content of said m xture of a hydrogen halide and carbon

monoxi de in said gas stream entering the reaction zone is in the range of
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Another embodiment of the present invention is the above process, wherein said cooling is
15 achieved by depositing said at least one volatile ruthenium compound in a deposition zone

which is colder than said reaction zone and/or absorbing said at least one volatile ruthenium

compound in a solution and/or adsorbing said at least one volatile ruthenium compound on a

support material.

Another embodiment of the present invention is the above process, wherein said deposition

20  zone is a colder deposition surface.

Another embodiment of the present invention is the above process, wherein the hydrogen
halide content of said mixture of a hydrogen halide and carbon monoxide in said gas stream

entering the reaction zone is in the range of from 0.1 to 99.9 % by volume.

Another embodiment of the present invention is the above process, wherein the carbon
25  monoxide content of said mixture of a hydrogen halide and carbon monoxide in said gas

stream entering the reaction zone is in the range of from 0.1 to 99.9 % by volume.

Another embodiment of the present invention is the above process, wherein the sum of

hydrogen halide and carbon monoxide in said mixture of a hydrogen halide and carbon



25 nonoxi de content of said m xture of a hydrogen halide and carbon nonoxi de
in said gas streamentering . the reaction zone is in the range of fromO.1
to 99.9 % by volune. Another enbodi nent of the present invention is the
above process, wherein the sumof hydrogen halide and carbon nonoxi de in
said m xture of a hydrogen halide and.garbon -6- nonoxide in said gas stream
entering the reaction zone is at least 0.2 % by volune. Another enbodi nent
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15  Another embodiment of the present invention is the above process, wherein said solid
containing ruthenium or a ruthenium compound is treated with a gas stream comprising
hydrogen halide in a halogenation phase before it is treated with said gas stream comprising a
mixture of a hydrogen halide and carbon monoxide, wherein the hydrogen halide content of
said gas stream comprising hydrogen halide is at least 0.1% by volume and said halogenation

20  phase is carried out at a temperature of up to 700 °C.

Another embodiment of the present invention is the above process, wherein the hydrogen

halide in said gas stream comprising halogen halide is hydrogen chloride.

Another embodiment of the present invention is the above process, wherein said solid
containing ruthenium or a ruthenium compound is treated with an oxygen-containing gas

25 stream in an oxidation phase before is treated with said gas stream comprising hydrogen
halide in said halogenation phase, wherein the oxygen content of said oxygen-containing gas
stream is at least 0.1 % by volume and said oxidation phase is carried out at a temperature of
up to 700 °C.

Another embodiment of the present invention is the above process, wherein the treatment of



25 streamin an oxidation phase before is treated with said gas stream
conprising hydrogen halide in said hal ogenati on phase, wherein the oxygen
content of said oxygen-containing gas streamis at least 0.1 % by vol une
and said oxidation phase is carried out at a tenperature of up to 700 C
Anot her enbodi nent of the present invention is the above process, wherein
the treatnment of -7- said solid containing rutheniumor a rutheni um conpound
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rendered i n abbreviated formas "nobilization of 20 rutheni um conpounds”,

"nmobilization" or simlar wordings. These expressions refer, for the
pur poses of the inventi oMESRIPAEONGDRAHEINGENVEINMt i | e rut heni um conpounds
whi ch are gaseous under the reaction conditions. Unless explicitly
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mobilized from solids by targeted treatment with a gas stream containing hydrogen halide and
carbon monoxide, preferably hydrogen chloride and carbon monoxide, and the previously
15  mobilized ruthenium compounds can be recovered with cooling, preferably by deposition in
relatively cold zones, in particular on relatively cold surfaces, absorption in suitable solutions

or adsorption on suitable support materials.

In the following passages, the wording "mobilization of metallic ruthenium or ruthenium
compounds from solids" will also be rendered in abbreviated form as "mobilization of

20  ruthenium compounds", "mobilization" or similar wordings. These expressions refer, for the
purposes of the invention, to the formation of volatile ruthenium compounds which are
gaseous under the reaction conditions. Unless explicitly excluded, the term "ruthenium

compound" also always encompasses "metallic ruthenium".

The invention provides a process for recovering metallic ruthenium or ruthenium compounds
25  from solids containing ruthenium or ruthenium compounds, in particular solid catalyst or
electrode material, by treatment of the solid with a gas stream containing at least hydrogen
halide and carbon monoxide, preferably hydrogen chloride and carbon monoxide, in a
reaction zone at elevated temperature, preferably at at least 250°C, to form volatile ruthenium

compounds which are carried out by the gas stream and subsequent cooling of the laden gas




The invention provides a process for recovering netallic ruthenium or

rut heni um conpounds 25 from solids containing rutheniumor ruthenium
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temperature of up to 700°C, preferably at from 200°C to 500°C, particularly preferably from
15 300°C to 400°C. The duration of the oxidation phase is preferably up to 5 hours. The

oxidation phase serves, in particular, to convert metallic ruthenium and organic ruthenium
compounds (partially) into ruthenium oxides or ruthenium mixed oxides. This procedure is
particularly advantageous when, for example, the ruthenium compound is present as

ruthenium metal.

20  Inthe halogenation phase of the preferred process, a gas stream containing hydrogen halide,
preferably hydrogen chloride, is passed through the solid containing ruthenium compounds,
with the hydrogen halide content of the gas stream being at least 0.1% by volume, preferably
at least 1% by volume, very particularly preferably at least 10% by volume. In a preferred
embodiment, the gas stream contains less than 10% by volume of oxygen, particularly

25  preferably less than 1% by volume and the gas stream is very particularly preferably oxygen-
free. The halogenation phase is, in particular, carried out at a temperature of up to 700°C,
preferably up to 500°C, particularly preferably at from 100°C to 400°C. The duration of the
halogenation phase is preferably up to 1 hour, particularly preferably at least > 5 min. The
halogenation phase serves, in particular, to convert ruthenium compounds, in particular

30  ruthenium oxides and ruthenium mixed oxides, partially into ruthenium halides or ruthenium

oxide halides, preferably ruthenium chlorides or ruthenium oxide chlorides.
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15  The volume ratio of hydrogen halide to carbon monoxide in the gas stream entering the
reaction zone is preferably from 0.1 to 10, particularly preferably from 0.3 to 3 and very
particularly preferably from 0.5 to 2.

In a preferred embodiment, the gas stream entering the reaction zone contains less than 10%
by volume of oxygen, particularly preferably less than 1% by volume and the gas stream is

20  very particularly preferably oxygen-free.

In a further preferred embodiment of the process, the superficial velocity of the gas stream

entering the reaction zone is less than 10 cm/s, particularly preferably less than 2 cm/s.

The mobilization phase of the novel process is carried out at elevated temperature, in
particular at a temperature of at least 250°C, preferably at from 250°C to 400°C, particularly
25  preferably from 250°C to 380°C, very particularly preferably from 300°C to 350°C. If the
temperature is too low, i.e. significantly below 250°C, the mobilization rate is slow and
required duration becomes unnecessarily long. If the temperature is too high, i.e. significantly
above 400°C, the proportion of other components of the solid, e.g. of titanium support
material, and compounds thereof in the gas stream leaving the reaction zone can increase

30  greatly. This is usually undesirable. If partial discharge of other components can be accepted



20 very particularly preferably oxygen-free. In a further preferred

enbodi nent of the process, the superficial velocity of the gas stream
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also be replaced by substances or mixtures of substances which liberate hydrogen halide, i.e.

especially hydrogen chloride, fluoride, bromide or iodide, under the process conditions
described or substances or mixtures of substances whose hydrogen and halogen functions
achieve an effect comparable to hydrogen halide as such under the process conditions

20  described. An example which may be mentioned here is phosgene.

Carbon monoxide in that form in the mobilization phase can also be replaced by substances or
mixtures of substances which liberate carbon monoxide under the process conditions
described or substances or mixtures of substances whose carbonyl function has an effect
comparable to that of carbon monoxide as such under the process conditions described. An

25  example which may be mentioned here is phosgene.

In a preferred embodiment, the individual phases (oxidation phase, halogenation phase,
mobilization phase) are carried out in succession a number of times. This can serve to remove
deposits of carbon or carbon-containing compounds, which cover the ruthenium compounds,

from the surface of the solid.

30  Preferred solids for use according to the invention are porous solids having ruthenium



descri bed or substances or m xtures of substances whose hydrogen and hal ogen
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deposited. Preference is |likew se given to solids which have little or no

porosity and on whose (exterior) surface ruthenium conpounds are
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catal ysts whose support has mainly a rutile structure. A further
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conmpounds from sug).gor_t ed catal ysts or all-active catalysts, characterized in
t hat tchepsisgspBPe, SiC, SisNy, zeolites, hydrothermally produced phosphates, clays, pillared

clays, silicates or mixtures thereof.

In a preferred embodiment, porous solids are used in sieve fractions in the range from 0.1 mm
to 50 mm, particularly preferably from 0.5 mm to 20 mm. These porous solids are particularly
20  preferably subjected to the process of the invention without mechanical pretreatment. Mention
may here be made by way of example of the many possible shaped catalyst bodies which can
accordingly be used in the original state. A great advantage of this is that the formation of

dusts of solids is avoided and the pressure drop is kept very low.

Solids having little or no porosity are, in a preferred embodiment, subjected to the process of
25  the invention without mechanical pretreatment. Mention may here be made by way of

example of ruthenium-containing electrodes for the electrolysis of sodium chloride or

hydrogen chloride which, after the process of the invention has been carried out, can be

recoated and reused.

In a particularly preferred embodiment, the ruthenium-containing catalyst solid remains in the
30  same reactor in which the catalytic target reaction for which the solid is used is carried out for

the time during which the novel process is carried out or at least for part of the time during




conprises Si2, SIC, Si3N4, zeolites, hydrothermally produced phosphates,
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isothermally or approximately isothermally, batchwise but preferably continuously as a
moving-bed or fixed-bed process, preferably as a fixed-bed process, particularly preferably in
shell-and-tube reactors, over heterogeneous catalysts at a reactor temperature of from 180 to
500°C, preferably from 200 to 400°C, particularly preferably from 220 to 350°C, and a
20 pressure of from 1 to 25 bar (from 1000 to 25 000 hPa), preferably from 1.2 to 20 bar,

particularly preferably from 1.5 to 17 bar and in particular from 2.0 to 15 bar.

Customary reaction apparatuses in which the catalytical oxidation of hydrogen chloride is
carried out are fixed-bed or fluidized-bed reactors. The catalytic oxidation of hydrogen

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

25  The conversion of hydrogen chloride in a single pass can preferably be limited to from 15 to
90%, preferably from 40 to 90%, particularly preferably from 50 to 90%. Unreacted hydrogen
chloride can be separated off and partly or wholly recirculated to the catalytic oxidation of

hydrogen chloride.

In the adiabatic or approximately adiabatic mode of operation, it is also possible to use a

30 plurality of reactors, i.e. from 2 to 10, preferably from 2 to 6, particularly preferably from 2 to



advant ageous to work at relatively high pressure and accordingly at a
residence tine |onger than that at atnospheric pressure. 15 The catal yti cal
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aluminium oxide or mixtures thereof, particularly preferably y- or 3-aluminium oxide or
mixtures thereof. Suitable catalysts can, for example, be obtained by application of ruthenium
(IIT) chloride to the support and subsequent drying or drying and calcination. Suitable

20 catalysts can also contain, in addition to a ruthenium compound, compounds of other noble

metals, for example gold, palladium, platinum, osmium, iridium, silver, copper or rhenium.

Suitable catalysts can also contain chromium (III) oxide.

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

cerium, and mixtures thereof.

30  The shaping of the catalyst can be carried out after or preferably before impregnation of the

support material. Suitable shaped catalyst bodies are shaped bodies having any shapes, with



gl ass, graphite or stainless steel. In the case of the preferred use of
shaped catal yst bodies, the inert material should preferably have simlar
external dinmensions. Suitable and preferred catal ysts for the Deacon process
contai n rutheni um oxi des, ruthenium chlorides or other ruthenium conpounds.
Suitabl e support materials are, for exgnple, silicon 15 dioxide, graphite,
titani um di oxi de having a rutile or anatase structure, zirconium di oxide,

a1 U R G 45001 RS, YR Qfinadit SLSL Loty iR mlbge: 2ircont um

di oxi e or ’t res heré Icu preferably y- or
S- al unparicurptefdeenoé is dgived wrrﬁfgstdyah&@fs or St éx:ublkiete@ai sHapst Bhecshaped or exanpl e,
be obtai ned by application of ruthenium (1[1) chloride to the su ort and

subs eq'EFéiﬂﬁs canyubsgaently beidsigd and ifappraprate; cgleined it e spmeerstoreefiizmy 4P (ban al so
cont ai opN r f e

o A CroARl BRgl e RO AT BTN o PR
coppershaped lbmmsum pre&talblgbiralyc@ﬁ@il #4086 te 30°al ad sabseya¢lycdatodmadusntiohl | )

oxide._ Suitable pronmoters for doping the catalysts are alkali netals such as
lithi uRO9d80Um  potassi um rubidi um and caesium preferably |ithium

sodi um and pot assium particularly 25 preferably potassium alkaline earth
met al s, i ) .

ragnes iy o oERAREEN Hng Rebldtflor Be AN AR AR LotBoiEl Xeion oyl
such aef the ankiénivm cymtpbumtmwﬂtlamdmmumpaawuwﬁn repateBoddrzaties amwoﬂaodym' um
preferably scandium yttrju | ant hanum and cerium particul preferably
| ant ha’ﬁ’lﬁ%"ﬁlﬂdmldc%ﬁaﬁ‘?ﬁ CoRling{iRgsss B8y bR dreagpnedera B Wl Pﬁ@nﬁ /Kﬁ@ﬂz@at al yst
cayp be r I r f upport
ot PR SRy i PhocBl Ry 8F g oo Bl RS G410 R arboiftiof 0

S hapesm smthlﬁe aﬁmptwnsfohnmne e&:bequegu:gabsemtlbﬁ splatibehiay beimgsioned/héradier s,

stars, n wheel s or spheres, and particul ar prefereace is given to rings,
cyl | ndwé@éo XagiPi- I%eamw@ﬁ%@@n@wab@ucmwg@%s@a © g AUt quent | y

be d“&ﬂuf?dﬁgA 143@88%138 e DRY (4 reBove Y BEMS ttibRiAl rlifh@fuk00 to 400G
preferably fr or exanple 1na nitrogen, argon or air

at nos plomippundhs aﬂscﬁ‘bﬁ@edn podue suppoet nterials, arbbwlf:ulastdqpladlrwmldaat 100 to 150C
and subsequently calcined at from 200 to 400C. ferr Ffteflg}% géLement of

t he r eleBperafure deqrpase o Bitempcsgiure AfiremLin Adhberive eve G@Be

recovery of the mobilized ruthenium compounds comprises combinations of the above-

described deposition methods.

All the references described above are incorporated by reference in their entireties for all

useful purposes.

20  While there is shown and described certain specific structures embodying the invention, it
will be manifest to those skilled in the art that various modifications and rearrangements of
the parts may be made without departing from the spirit and scope of the underlying inventive

concept and that the same is not limited to the particular forms herein shown and described.
EXAMPLES

25 Example 1: Preparation of solids containing ruthenium compounds

To be able to illustrate the invention, shaped bodies containing ruthenium compounds

supported on SnO, or TiO, were firstly produced.

Example 1a: 200 g of shaped SnO, bodies (spherical, diameter about 1.9 mm, 15% by weight

of Al,O; binder, Saint-Gobain) were impregnated with a solution of 9.99 g of ruthenium



of the ruthenium conpounds with cooling, in particular in relatively cold
zones and/or on relatively cold surfaces. Cooling fingers may be nentioned
here by way of exanple. A further 10 preferred enbodi nent for the recovery
of the nobilized rutheni um conpounds is absorption in suitable absorption
sol utions. An aqueous absorption soluti®n may be nmentioned here by way of
exanple. |f appropriate, oxidants or reducing agents can be added to the
absor phiRfide SRt M 33D PHEOLAIGdnd Yl &g;nﬁymﬁéd%m hbe¥, ThBSdi&GONEry of the
nmobi | i zed rut henium conp S|sa t1on on porous support naterials, in
parti cwaasutseqenty dricd bt @0°I5ntaennfé]|eefumnaee @e&g ferdseuroaml thempadciatdiate of <
250C. A(B#rc her preferred enbodi nent for the recovery of the nobilized

r ut hen?dl é?ﬁgéaﬂﬂfé corrpri ses conbi nati ons of the above- descri bed
deposi ti on net hods. the references descri bed above are incorporated by
ref er eganiple 100 Ogemlbgfphﬁast liiidal, iRl aIRU PEFRSendR O 2 & L here s
shown and descri be rtain sp fic structures enbodying the invention, it
wil$ béd0menj SamreGd)bam)hwelmmeghaidd withtalselugion of haig of awthenismmbdtirfdedat i ons and

AT TR T N ST e
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Exanpl e 1: Preparation of solids containing ruthenium conpounds To be able
to il | tisshing withmétrogenémtbiaco]ut®hay daOhbaid25% bpdmrine hydrate dodutionrm satgpounds

te n02 T firstl d d. Ex I | 2Q0 of, sh d
305 b6 alskGP | Ariinktsess HBSTIE SSFHETER 63 BPTHEl e Tt Fasda®
bi pgler podiad %re%a'a%o fo‘? 2' Hag;se&a%hs \Mt@ V@asﬁ&; With ANk %og g%a&r Ofhe

rut heni um - chlori ate in H20O and sequently m xed
for 1 hmmtshmed bmhesbbﬁnieddn tlmawaﬁwaeectrwdratt 1 904} ineedmaffleaithace (adr) forf f | e
furnacg gla.l rt) qur s, an QE% igl cined at 250C for 16 hours. Exanple
1b: 20 1B‘f‘esl' ﬁ%F?%‘Pgd(‘ O°GdPs TAPUS.di anet er about 2 nm length from 2
to 5 10 nm Saint-Gobain) were inpregnated with a solution of 12 g of

rut henigyRne Bl 08| dRfiienE O Srb i $00 BoXid QThy 89 AN RIHITAYUAIY b¥vBexed for 1
Twrﬂmm podles

hour .

on the mobilization of ruthenium compounds

15 4 x 1 gofthe shaped bodies from Example 1a were placed in fused silica reaction tubes
(diameter 10 mm), heated to 330°C, and a gas mixture 1 (10 I/h) composed of 1 1/h of
hydrogen chloride, 4 I/h of oxygen, 5 1/h of nitrogen was passed through in each case for up to
16 hours (conditioning phase) and different gas mixtures were then passed through at 200°C
(2a-b) or 330°C (2c-e) to form volatile ruthenium compounds (mobilization phase). The

20  parameters for the mobilization phase are shown in Tab. 2a.

Tab. 2a: Parameters for the mobilization phase

Example: 2a 2b 2¢ 2d 2e

Phase Parameter

Hydrogen chloride
[V/h]

Carbon monoxide

Mobiliz- [Vh]
ation phase Oxygen [I/h] - - - - -

Nitrogen [1/h] 84 74 9 84 74
Temperature [°C] 200 200 330 330 330
Time [h] 18 14 18 16 14

16 16 - 16 16




obtained in this way were dried overnight at 60C and introduced in the dry

state while flushing with nitrogen into a solution of NaOH and 25%

hydrazi ne hydrate solution in water and allowed to stand for 1 hour. Excess

wat er was subsequently evaporated. The noist shaped 10 bodies were dried at

60C for 2 hours and subsequently washedgwith 4 x 300 g of water. The noi st

shaped bodies obtained in this way were dried at 120C in a nuffle furnace

(air) f 0 2:

| o1 Ve b ARk, WP bR DaForihe daliea balieckrbOME forn BRI £

rmbu | | htracwristfc depbdnem aicoldarrpoeldoisnstizarh of tHe @actbrstwere shalpated bontideatof r om
Exanple 1 a were place n fused silica reaction tubes (dianmeter 10 mm),

heat ed f?’bthgfs’gl@lh%ﬁﬁ’@né’ enfuspcoppoundsidap/R). conposed of 1 1/h of hydrogen

chloride, 41/h of oxygen, 51/h of nitrogen was passed through in each case

for up @me S were
t hen pz;ltsag)eéﬁﬁﬂ %%ﬁzé@%gg{(gké w b g%%%gt(e gism' %?&t“f i%?a;cd\}}(l) aitb;illge

r ut Beni(none csyhivtherdssteomp i, vert steongora3e) . The 20 paraneters for the

nobi | i zati on phase are shown in Tab. 2a. Tab. 2a: Paraneters for the

nmobi | i zati on phase Ex ter Hydrogen
chloride 1 1 - 1 [1/h] Carbon m)n%: ) 1.6 Mobi I'i z- [ 1/ h]
ation phase Oxygen [ 1/ h]|Example: - tr%)lben fl/ﬁ]d 8 ©7.498.4 7.4
Tenperature [C] 200 266—336-336—336—TFrme—thi—I8—14+18-16 14 -16- After the
nobi | i zati on phase, th®egeledraionzation df the shapedtbodies and the
formation of a CharaCtereimtolsfg deposit i,n a _colder zppe downstream of the
reactors were eval uated_as icator  for the valati Lzation of ruthenium

conpounds (Tab. 2b).
After this treatment, the shaped bodies were removed from the reactor, ground in a mortar and

the ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The
deposit in a colder zone downstream of the reactors was washed out by means of hydrochloric
acid (20% strength by weight hydrogen chloride). The composition of this washing solution

10  was determined by means of emission spectroscopy (OES) (Tab. 2c¢).

Tab. 2¢: Composition of the shaped bodies before and after mobilization of ruthenium

compounds and composition of the deposit in a colder zone

Example: 1la* 2a 2b 2¢ 2d 2e

Substrate ~ Metal component

Ruthenium 24 nd. nd. 24 nd. 056
[% by weight]
Batch Tin [% by weight] 66 nd. nd. 65 nd. 65
Aluminium 68 nd. nd. 72 nd 74
[% by weight]

* untreated sample, n.d.: not determined

Ruthenium compounds can obviously not be mobilized from the shaped bodies used by

15 means of hydrogen chloride in this temperature range (no decolorization, no deposit
formation, no loss of ruthenium according to XRF). Ruthenium compounds can be mobilized
only poorly by means of carbon monoxide in this temperature range (little decolorization, no
deposit formation). When the two gases are combined, however, ruthenium compounds can
be mobilized well or very well, in particular at elevated temperature (strong to very strong

20 decolorization, strong to very strong deposit formation, ruthenium removal according to



Tab. 2b: Decolorization of the shaped bodies; characteristic deposit in a
col der zone 5 (none: --, little: -, strong: +, very strong: ++) Exanple: 2a
2b 2c 2d 2e Decolorization - + -- - ++ Deposit -- + -- -- ++ After this
treatment, the shaped bodies were renoved fromthe reactor, ground in a
mortar and the ruthenium content was_geterm ned by neans of X-ray
fluorescence analysis (XRF). The deposit in a colder zone downstream of the
react o s washed out by neans of hydrochloric acid (20% strength by

wei ght rogen chloride). The conposition of this washing solution 10 was
determ ned by neans of em ssion spectroscopy (CES) (Tab. 2c). Tab. 2c:
ConposiBxaanphf 3t hafERaRedoPeshastibais enathd afdtAliza%ivn bIawitR8npimr ut heni um
conpounds and conposition of the deposit 1n a colder zone Exanple: |a* 2a 2b
s m ppiheds hycmglams|ofchydnegen chle mide amd xarbenjmanaxide 4 n. d. 0.56

[ % by weight] Batch Tin [% by weight] 66 n.d. n.d. 65 n.d. 65 Alumnium®6.8
n.d. n. . . Gl 4 19 |gnht,] * : : . 0. not
detern§§%5£ﬁﬁgﬁéﬂﬁ%ﬁﬁ%gﬁ%é%%%g%%gﬁﬁ&%&$%§gkggﬁéﬁqgﬁﬂﬂg%ﬁF?ggg1lﬁgnlthe
shaped (hiageRs 101566) dd hedfed 16 3B Th Bakchgaherc tihdeiweld upho thitsdifferger at ur e
range (no_decolorization, no deposit formation, no |oss of ruthenium

accor dicarditionisgphaser(i-Rk i the subseanent arobilizatipe phassi the same condionsawe sethy
o qer iR ARG (brth oD FIRENAL el AGRe bldrltaflofBa Ao T2 0N

conpouRrhswE & Ta8anobi I i zed well or very well, in particular at elevated
tenperature (strong to very strong 20 decolorization, strong to very strong

deposit_ formation, rutheniumrepoval according to -17- XRF).
Tab. 3a: Parameters for the conditioning phases and the mobilization phase

Example: 32 3b 3¢ 3d 3e 3f 3g 3h

Phase Parameter
Hydrogen chloride
[L/h] - 1 1 - - 1 1 -
Conditioning Oxygen [/h] - 4 4 - - 4 4 -
phase 1
, Nitrogen [1/h] - 5 5 - - 5 5 -
Time [h] - 16 16 - - 16 16 -
Hydrogen chloride } - - i ) - - )
[I/h]
Conditioning Oxygen [I/h] . . 4 4 - - 4 4
phase 2
Nitrogen [1/h] - - 5 5 - -
Time [h] - - 2 2 - - 2 2
Hydrogen chloride - -
[1/h] 1 1 1 1 - -
Conditioning Oxygen [I/h] - - - - 2 2 2 2
phase 3
Nitrogen [1/h] 7 7 7 7
Time [h] 1 1 1 1 1 1 1 1

Hydrogen chloride 1 1
[I/h]

Mobi}llizaﬁon Oxygen [I/h] 2 2 2 2 2 2 2 2
ase i
P Nitrogen [1/h] 7 7 7 7 7 7 7

Time [h] 16 16 16 16 16 16 16 16

10  After the mobilization phase, the decolorization of the shaped bodies and the formation of a



Exanmpl e 3: Influence of conditioning on the nobilization of ruthenium
conpounds by neans of hydrogen chl oride and carbon nonoxide 8 x 1 g of the
shaped bodies from Exanple 1 a were placed in fused silica reaction tubes 5
(diameter 10 mm) and heated to 330C. The batches then underwent up to three
different conditioning phases (1-3)._1g-the subsequent nobilization phase,
the sanme conditions were set for all batches. The paranmeters for the
condi t i.onk ng.: p . Tab.
3o Par SRR ARAEESARS o TR Aokl oF HRRE S weld MMl SRl
Exanpl éor tBavdbtildatidn oBautBénivig cBimpoiﬁth(EatPafoarreter Hydrogen chloride - 1 1 -
11- [I/b] Conditioning Oxygen [|/h] - 4 4 - - 44 - phase 1 Nitrogen [1/h]
-55- - 55- Tipe[h] - 16 16 - - 16 I—gdroe chlorjde - - - [1/h]
condi t iTgh PRy Rscplprizatipnipf the shaped body; ‘zbaaxactsﬁa %Pwtt‘Péd'é‘He[rfPﬁf - - 55 -
- 55 Time [h] 2 r 1 [1/h]
Condi ti oni ng Q(@né)gﬁ ﬁth ﬁo&raﬁ%q?&gﬁ% qgkglé}esqgﬁﬁr gen [I/h] 77777
77 7 Tinme [h] 111 111 Hydrogen chloride 1 1 111111
Example. 32 3b 3¢ 3d 3¢ 3f 3g 3h

Decolorization + o - - - -
Deposit ++ 4+ - - - -

After this treatment, the shaped bodies were removed from the reactor, ground in a mortar and
the ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The
deposit in a colder zone downstream of the reactors was washed out by means of hydrochloric
acid (20% strength by weight hydrogen chloride). The composition of this washing solution

10 was determined by means of emission spectroscopy (OES) (Tab. 3c).

Tab. 3¢: Composition of the shaped bodies before and after mobilization of ruthenium

compounds and composition of the deposit in a colder zone

Example: 1la* 3b 3¢ 3f 3g

Substrate =~ Metal component

[;:‘;t;‘ii‘;?;’lﬂ 24 03 021 27 32

Batch Tin [% by weight] 66 71 68 64 59
[Qw\gﬁ:ﬂ 68 49 64 79 11

Ruthenium [mg/1] - 110 96 nd. nd.

Deposit Tin [mg/1] - 071 0 nd nd
Aluminium [mg/1] - 01 015 nd. nd

* untreated sample, n.d. = not determined

It is obviously not critical for the formation of volatile ruthenium compounds whether the
15 ruthenium-containing shaped bodies are used in untreated form, after conditioning under
Deacon conditions or after conditioning under oxidative conditions (conditioning phases 1-2).

It is obviously critical whether hydrogen chloride or carbon monoxide is passed over the



[1/h] Mobilization Oxygen [1/h] 2 2 2 2 2 2 2 2 phase Nitrogen [1/h] 7 7 7
77777 Time [h] 16 16 16 16 16 16 16 16 10 After the nobilization
phase, the decol orization of the shaped bodies and the formation of a
characteristic deposit in a colder zone downstream of the reactors were

eval uated as indicator for the volatihgzation of ruthenium conpounds (Tab.
3b). Tab. 3b: Decolorization of the shaped body; characteristic deposit in a

ol e LAeSrsy [OARionirig pbd b, SineyyIRARRANErA01e SIRNLer e BRI £RRT, **),

++ ++ tithentum-compounds- can5ulé§eQ@dfntI§/|bIeSndbﬂ¢&Hmbm well hé cﬁhﬁ@@thebbihdﬁéarb@f e
renmoved fromthe reactor, groun and the. rutheni um content was

det er mRaXIEy IRassRd Qyer sherbégﬁhfﬁrat@ﬁwebwaeﬂa ﬁaﬂbgflszaéw(l Rhgse displays opbpget in a
col der

R R e e R
conposcompourmk ptdaemst omaha catglysnb widtallic nitﬂemm wittlecannoelst lybitieedweldf em ssion
spectrosco ition of the shaped bodies

3ef ore “&Wﬁ‘eéﬁé’gga%ﬁib ihe i“é‘ilﬂ% ogI%qu ng(‘:i‘éih Qﬂrﬁ? %i’ﬁ}ﬂb‘é]d [FYBPISHES EBTPIOSESEi on of the
rut non ' eft StySiBlepg AR AR, gf e ritbentm topBun R bR POTERnS

68 64 S&facllofithiensolith BheSindreQsed. adundin®urd And hithdmyunmeogtbhts oRtHetsamiples3fagd 1] - 110

96 n.d. n.d.
3g removed from the reactor are attributable to removal of tin.

10 The deposit obtained in a colder zone downstream of the reactor in the two successful
experiments consists virtually entirely of ruthenium (> 98% by weight of the metal in the

deposit) in compounds not determined in more detail.

Example 4: Influence of the temperature on the mobilization of ruthenium

compounds by means of hydrogen chloride and carbon monoxide

15 6 x 1 gofthe shaped bodies from Example 1a and 2 x 1 g of unimpregnated shaped bodies
(based on SnO,) were placed in fused silica reaction tubes (diameter 10 mm). All batches (4a-
h) were conditioned by passing a gas mixture 1 (10 I/h) composed of 1 1/h of hydrogen
chloride, 4 I/h of oxygen and 5 1/h of nitrogen through them at 330°C for 16 hours.

After this conditioning, a gas mixture c>omposed of 4 1/h of oxygen and 5 I/h of nitrogen

20  (oxidation phase), then a gas mixture composed of 1 I/h of hydrogen chloride and 7 1/h of
nitrogen (halogenation phase) and subsequently a gas mixture 5 composed of 1 I/h of
hydrogen chloride, 2 1/h of carbon monoxide and 7 I/h of nitrogen (mobilization phase) were
passed through all batches. These three phases were carried out a total of three times, with
only nitrogen (7 I/h) being passed through some of the batches (4e-4h) during the oxidation

25  phase. The parameters for the individual phases are shown in Tab. 4a.



Deposit Tin [ng/1] - 0.71 0 n.d. n.d. Alumnium[ng/1l] - 0.1 0.15 n.d. n.d.
* untreated sanple, n.d. = not determned It is obviously not critical for
the formation of volatile ruthenium conpounds whether the 15

rut heni um cont ai ni ng shaped bodies are used in untreated form after

condi tioni ng under Deacon conditi ons-&Y-after conditioni ng under oxidative
conditions (conditioning phases 1-2). It is obviously critical whether
hydr ogd@labcdd: Prarameters far theindivithral ghases passed over the -19- batch first
(condi tioning phase 3). Wen hydrogen chloride is passed over the batch
first, then —H o+ e aR—SHHE —8 pbized—vrery well :
if, on the other hand, carBxampleondei deth s passdd oder t4fe bdgchdhirst, the
subsequent ilizationgphase, displays only little success. Presumably,

car bon nQnoxi Sfinder nﬁ&?‘&?ffi ve conditions reduces the rutheniumb5
conpounds present on thegasafiahwst t3a mefil | 3£ rahhend/mnmeybi gh/bcaanot be
nobi | i zed well w thout reoxidation. The addition of hydrogen chloride

obvi ous! Y iRRIESEES t hi Jime fdess, 2whePe pdssi @ e by (parti &) &hlorination

of the ruthenium conpoupds. impbilized on the surface of the solid. The
i ncreased al um ni um and nium 33ht 880s 380 tI® s3dpl 840 3f348ndB403g r enoved
fromthe i ] it obtained

in a colder zone downst tgamiedrd he geachor ign the twp sugcesgful 4
experiments_consists virtually entirely of rutheni umf(’> 98%3/ wei ght of the
netal in tKaloggagin t) ir’Tll@@Wound@QﬁogQéetOe?rSm%%ﬁ §-R5 nBRé §et0ail25 Exanpl e
4: Influence pfasthe te f.fe ON the nobilization of ruthenium conpounds
by means of hydrogen chl or and 230 b@n0 m30xi I 1346 K8Q $46f 18@e shaped
bodi es fr.om._Exanp 10C X g_of unjnpregna aped baodi e (based
on Sn02) were placed i ncghyaReusd | 1 C& regctiagn tupes {di ageters 10 gm . Al

bat ches (4a- h'ii were condi tioned b}/ assing a gas mxture 1 (101/&9 conposed
of 1 1/h ofMelitizadigan chilomedhd, 4114 oﬂ-7§xag7én lafd 574/ h.76f 1mi5t rlefen t hr ough
t hem at 330C plmse 16 hou:i-?[ é&éﬁg this conditioning, a gas m xture conposed
of 41/h of oxygen and 5 i ? hi t 26@e5023B000x300at B4h PBRASSHO t38dn a gas

m xture conposed of 1 1/h P bhvdrogen chloride and_71/h of nitrogen

(hal ogenati on phase) and subsequently a gas m xture 5 conposed of 1 1/h of

After the mobilization phase, the decolorization of the shaped bodies and the formation of a
characteristic deposit in a colder zone downstream of the reactors were evaluated as indicator

5  for the volatilization of ruthenium compounds (Tab. 4b).

Tab. 4b: Decolorization of the shaped bodies; characteristic deposit in a colder zone

(none: --, little: -, moderate: o, strong: +, very strong: ++)

Example: 4a 4b 4c 4d 4de 4f 4g 4h

Decolorization + + o+ 0 - -

Deposit + S = S S = S S

After this treatment, the shaped bodies were removed from the reactor, ground in a mortar and

the ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The
10 deposit in a colder zone downstream of the reactors was washed out by means of hydrochloric

acid (20% strength by weight hydrogen chloride). The composition of this washing solution

was determined by means of emission spectroscopy (OES) (Tab. 4c).

Tab. 4¢: Composition of the shaped bodies before and after mobilization of ruthenium

compounds and composition of the deposit in a colder zone



hydrogen chl oride, 21/h of carbon nonoxide and 71/ h of nitrogen
(nobi lization phase) were passed through all batches. These three phases
were carried out a total of three times, with only nitrogen (71/h) being
passed t hrough sone of the batches (4e;4h) during the oxidation 25 phase.
The paraneters for the individual phas€s are shown in Tab. 4a. -20- Tab. 4a:
Parameters for the individual phases Exanple: 4a 4b 4dc 4d de 4f _4g 4h Phase
Parameter Gas m xture 3Bxslapka 3a*3add 3abhb 3’/ b 44/ bde Oxigdat i n phmse Ti ne
[h] 2 2 22 2 2 2 2 Tenperature 330 330 330 330 340 340 340 340 [(C] Gas
m xt ur ubsirate 4 Mefalcompeyenggenation Tine [h] 0.25 0.25 0.25 0.25 0.25 0. 25
0.25 0.25 phase T é‘% re loci 250 250 300 300 340 380 340 380 Gas
s

mxture 55555 bili2aiddTih8 [h}910.79 0.565 3.175n1d.7501. 75 1.75
1.75 1.75 phase | oci 250 250 300 300 340 380 340 380 After the
nobi | i zaBarh phagen [%be wiggla] or iceat i 60 068t hg9shag9ed &®di &6 ancd.t he9
formation of a characteristic deposit in_a caqlder_zo downst ream Qf the
reactors were eval UMUBHNYE | ndi Ot o105 6P tﬁ& vgl-%tigfzaéi%n - r@fheni um
conpounds (Tab. 4Hyebyasight: Decol ori zation of the shaped bodi es;

characteristic d |t ol der e nopq: ljttlqa -, ate: o,
strong: +, very s% roér?tél:lﬂl-rl:rfg/lgxarrpl e:zlaégla rﬁé 4@ﬁ'4d]?19e zﬁf&ﬂgqih nfgggtﬁg'ri zation
+ + ++ Beposito -- -TiljepgHit + +-++244 nd+md: 44 Afiter 3500s itp.eatdent, the
shaped bodies werg FenovGden] O™ the LBacter o grouny g2 ¢4t alp.anda.

* untreated sample, n.d. = not determined, n.p. = not present (in a sufficient amount)

Up to 340°C, the residual ruthenium content of the shaped bodies decreases with increasing
temperature, and the degree of mobilization éccordingly correlates with temperature. The
deposit precipitated in a colder zone downstream of the reactor consists virtually entirely of
5  ruthenium (> 98% by weight of the metal content) in compounds not determined in more
detail. Increasing the mobilization temperature to 380°C obviously leads to mobilization of

ruthenium compounds being reduced and mainly tin compounds being removed.

Reoxidation between the individual mobilization phases does not lead to an improvement in
the degree of mobilization at the time intervals chosen. However, a reoxidation could be
10  advantageous if the deposition of carbon on the catalyst observed during the mobilization

phase were to severely limit the degree of mobilization.

Example 5: Influénce of the CO/HCI ratio on the mobilizat_ion of

ruthenium compounds by means of hydrogen chloride and carbon

monoXxide

15 4 x1 gofthe shaped bodies from Example 1a were placed in four fused silica reaction tubes
(diameter 10 mm). All batches (5a-d) were conditioned by passing a gas mixture 1 (10 I/h)
composed of 1 Vh of hydrogen chloride, 4 I/h of oxygen and 5 1/h of nitrogen through them at
330°C for 16 hours. Subsequently, a gas mixture 2 composed of 1 /h of hydrogen chloride
and 9 I/h of nitrogen was firstly passed through the batches for 15 minutes (halogenation

20  phase) and the gas mixtures shown in Table 5a were subsequently passed through the batches

for 3 hours to form volatile ruthenium compounds (mobilization phase).



the ruthenium content was determ ned by nmeans of X-ray fluorescence analysis
(XRF). The 10 deposit in a colder zone downstream of the reactors was
washed out by means of hydrochloric acid (20% strength by wei ght hydrogen
chloride). The conposition of this washing solution was determ ned by neans
of em ssion spectroscopy (CES) (Tab. 4g). Tab. 4c: Conposition of the shaped
bodi es before and after nobilization of ruthenium conpounds and conposition
of the nple: la* 4a 4b 4c 4d 4e 4f 4g 4h
Substrgggp%b?grilgg%ﬁsgﬁ’erﬁﬁgﬂé}%nﬁzaﬁ%ginp?%@ 41.80.590.79 0.56 3.1 n.d. 0

[ % by weight] Batch Tin [%by wei ght] 66 69 68 69 69 68 66 n.d. 69
Alumnium6.8 6.1 6.0 5.9 5.7 6.1 6. [ by t] Rut heni um
[mg/1] - 129 n.d. n.d. 199 n. d 13 n.ﬁ"gmﬁ‘e S?aDep%glt . mg/ 1] - 2.14 n.d.
n.d. 1.1 n.d. 5500Phase. n.d. APammfawm[rrg/l] - 1.42 n.d. n.d. 2.4 n.d.

0.14 n.p. n.d. —TOmtTEated_SaprE, ut:Lt:l TTi lleu IT. p. = not
present (in a sufficient aﬁﬁ?&ewlqr@eiﬂbb Ot2ﬁe Or%si kil 1-79it heni um cont ent

of the shaped bagj Eizg??c{lglea@%o Jﬁokﬂg&nmm g5 thgqu'pgu(y% and the degree

of nobilization a¢ y correlates th tenperature deposi t

precipitated in a B #8er zone Nowesn{lddm of tﬁe réactcﬁ coth| sts virtual ly

entirely of 5 ruthenium (> 98{0%# of tme ont i n conmpounds
i i 8?"’9@ 5n(1 he rmnﬁé

not determned in nore detail terrperature to
380C o I i reduced
and. moraey HE oS bR bl 20oR ft*ﬁé%%%ﬁg%?‘oe%‘iﬁ%%éﬁn WAV dual

mobi | i aﬁa&amlsﬁbasmnd@as:omt zdr@&ﬁ)v&tn@tr@diln bMhe eR IR vetdevaluagedds didi€ater!
mobilization at the tinme intervals chosen. However, a reoxidation could be

10 advivsthedaidization peruthepim eommpoustds €kathsh). on t he catal yst observed during

the nobilization phase were to severely Iimt the degree of nobilization.

Exang %aé: 5b|: rﬁelcbll%gﬁgtl&g of nlee s%%%o&fgg,icﬂap&té&%ic%% Lllt ﬁ?& gf&ep zone

(none: --, little: -, moderate: o, strong: +, very strong: ++)

Example: Sa 5b Se¢ Sd

Decolorization + ++  ++ 0

Deposit - ++ 4+ o

After this treatment, the shaped bodies were removed from the reactor, ground in a mortar and

the ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The

deposit in a colder zone downstream of the reactors was washed out by means of hydrochloric
10 acid (20% strength by weight hydrogen chloride). The composition of this washing solution

was determined by means of emission spectroscopy (OES) (Tab. 5c¢).

15



rut heni um conpounds by neans of hydrogen chloride and carbon nonoxide 15 4
x 1 g of the shaped bodies fromExanple 1 a were placed in four fused silica
reaction tubes (dianeter 10 mm). Al batches (5a-d) were conditioned by
passing a gas mxture 1 (101/h) conposed of 1 1/h of hydrogen chloride, 4
1/h of oxygen and 5 1/h of nitrogen thpgugh themat 330C for 16 hours.
Subsequently, a gas m xture 2 conposed of 1 1/h of hydrogen chloride and
91/ h ofy.ni kI i I t A OF m nut es

(nal ogchil PECGRedfied pf BicphaRar Bae} BBHEM BReDReGE ot |10
subsequatlidnjur 26 mpduhds M@ Bompesitieh ohek deéposit th Noolder kend or m vol atil e

rut heni um conpounds (nobilization phase). -22- Tab. 5a: Paraneters for the
nobi | i zati on phase—Exanple. 53 5b 5S¢ 5d __Phase Raraneter Hydrogen chl oride
[I/h] 0.25 0.75 1.25 1.75 Mobi [Exagaiglen Gar bda nosbxi ¢ [ 168] 1.75 1.25 0.75
0.25 phase Nitraglg)en [1/h&k§ 8 8 8 Total flow [I/h] 10 10 10 10 After the
nobi | i zati on pha¥¥Pstidie d alfomponet, of t he shaped bodies and the
formation of a characteristgahdepgsit in a colder zone downstream of the
reactors were eval uated as [V‘%%%@ﬁ{ f o2.4t h@.3vol &Bi | ilZati 3A of ruthenium
conpounds ( Tab. 5§>Qa o Tab.l’50 (JI orization of the shaped bodi es,
characteristic dego%’l i NTin Polbdeveiglope 64nored -65 |iax | eb4-, noderate: o,
strong: +, very s By ++) I%xa. | e: 5a 5b 5¢c 5d Decolorization + ++ ++ 0
Deposit - ++ ++ o After thi sAPJFgg_P‘ﬁ‘ent, t.8e shmpedsbodigs were renoved from
the reactor, ground in a ndrely waightl t he rut heni um content was determined by
means of X-ray fluorescen LS XRF) . e posis ihga col der zone
downst ream of the reactorz{%\g\llgegﬁ%/\d/éﬁfhg@ out by;l;%éanggof ﬁkﬁ?/dr‘g%‘m oric 10 acid
(20% strengt h by Depiogitt hydr tigdmgdhl ori de). Tpe cOdpoditi ondof this washing
sol ution

Aluminium [mg/1] - np. 34 09 nd

* untreated sample, n.d. = not determined, n.p. = not present (in a sufficient amount)

A moderate volume ratio of hydrogen chloride to carbon monoxide in the process gas

5  obviously leads to a significantly higher degree of mobilization than a very high or very low
ratio. The deposit which precipitates in a colder zone downstream of the reactor consists
virtually entirely of ruthenium (> 95% of the total metal content) in compounds which were

not determined in more detail.

Example 6: Influence of the proportion of active components (CO + HCI)

10 on the mobilization of ruthenium compounds by means of hvdrogen

chloride and carbon monoxide

8 x 1 g of the shaped bodies from Example 1a were placed in four fused silica reaction tubes
(diameter 10 mm). All samplés (6a-6h) were conditioned by passing a gas mixture 1 (10 1/h)
composed of 1 I/h of hydrogeh chloride, 4 1/h of oxygen and 5 I/h of nitrogen through them at
15 330°C for 16 hours. Subsequently, a gas mixture 2 composed of 1 I/h of hydrogen chloride
and 9 1/h of nitrogen was firstly passed through the batches for 15 minutes (halogenation
phase) and the gas mixtures shown in Table 6a were subsequently passed through the batches

for 2 hours to form volatile ruthenium compounds (mobilization phase).

20



was determ ned by neans of em ssion spectroscopy (OES) (Tab. 5c). 15 _23-
Tab. 5c: Conposition of the shaped bodi es before and after the nobilization
of rutheni um conpounds and conposition of the deposit in a colder zone
Exanpl e: |l a* 5a 5b 5¢c 5d Substrate Metal conponent Ruthenium?2.4 2.3 1.2
1.3 2.0 [%by weight] Shaped Tin [% by weight] 64 64 65 65 64 bodies
Alum'nium6 8 7.8 7.7 7.8 7.7 [% by vveight] Rut henium [ng/1] - n.p. 86 140
?QBOGSJ tPaIﬁlﬂ Jegpfojt']thr n{hb?hzdei’oﬁ pQIa Al umi ni um [Eg/ 1] - n.p. 3.4
infTeated Sa det er mi ned, n.p. = not present (in a
suffl cient amount) A rmderate vol une ratio of hvdroqen chloride to carbon
nmonoxi de in the procesg e Obvioysly dieadg.to si gpi figant higher
degree of nobilization t%ﬁﬁ a very ﬁlﬁgh d(?r vgfy %ﬁw 9gt| 06(} ¢ de;h)osm
whi ch pr ePhpsd at es mPatrumletharr zone dovvnstream of the react or COI’ISI sts
Vi rtua T
conpounds whi ch ence of

the proportion of @eﬁBbeﬁmoﬁ@ﬂHQpﬁi]tS()ﬁm%H@'@ 1@30@ goheq ﬁ@b'z|93zaft'10n of
rut hemmg&gﬁ&pnds by neans o en chloride and carbon nonoxide 8 x 1

g of the ? ed bodi é‘éltlfogmr{lﬂb]arrpl .62 B8be 81%acédSi 7-Gout-19uséd 344 ca

reaction tubes (dia ALl s | esn (6a-16h0) rgacongi ti gped by

passing a gas m xturgg%??géqyﬁp corlnl%osgll §(1 1;91?9 of1 ydﬁggenpdchl gpl de,

41/ h of oxygen and 5 1/Iimeflh]ni trogerd t hr 6ugh3therr3at D5 33DC far 1& hours.

Subsequemntty——=gas— T xtUure—2—Ttomnpousedof i~ rof—thydrogemr—citorrde—
After the mobilization phase, the decolorization of the shaped bodies and the formation of a

characteristic deposit in a colder zone downstream of the reactors were evaluated as indicator

for the volatilization of ruthenium compounds (Tab. 6b).

5  Tab. 6b: Decolorization of the shaped bodies; characteristic deposit in a colder zone

(none: --, little: -, moderate: o, strong: +, very strong: ++)

Example: 6a 6b 6¢c 6d 6e 6f 6g 6h

Decolorization 0 o) + ++ o + ++ 4+

Deposit - 0 + 4+ o + 4+

After this treatment, the shaped bodies were removed from the reactor, ground in a mortar and

the ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The

deposit in a colder zone downstream of the reactors was washed out by means of hydrochloric
10 acid (20% strength by weight hydrogen chloride). The composition of this washing solution

was determined by means of emission spectroscopy (OES) (Tab. 6¢).



and 9 I/h of nitrogen was firstly passed through the batches for 15 m nutes

(hal ogenati on phase) and the gas m xtures shown in Table 6a were

subsequent |y passed through the batches for 2 hours to formvolatile

rut heni um conpounds (nobilization phase). 20 -24- Tab. 6a: Paraneters for

the nobilization phase Exanple: 6a 6b Bc 6d 6e 6f 6g 6h Phase Paraneter
Hydrogen chloride [1/h] 0.13 0.39 0.66 0.92 0.35 1.05 1.76 2.46 Carbon

nonoxi { ation Nitrogen
(17 Gyt Chubbyiiohgtdnd yfithed il sotbrd yhl) el indmbpilbibb o0 97, 10°00
10 10 AfhdfluiCcobipoundsanfithnipoSitisndf2h@dépadit ivatcolderizenebi | i zati on phase,
the decol orization of the shaped bodi es and t he fornatlon of a
char a6 'S e

eval uat ed as | nd| cat orExdmplet hlaa’vol 6a| I |6:hat i 60 of6dr ut I6en| uﬁi corﬁgounﬁs (Tab.
6b) . lgsg gji)e ]ﬁl ori zat | on of the shaped bodies; characteristic deposit
in a_cd Yat‘ion etp ponent | ;11 e- - ypderate; o. strong: +. very strong:
++) Exanple: 6a 6bR@tﬁe1§Elm6€ 6f 6g 6h Decolorization o0 0 + ++ 0 + ++ ++
Deposit - o + ++[¢;3 Aft8r4 t -3 t 2dhat nbhAt, lthe %Hape]d4bodh?es O@r e

r enovedgf the ea%tor ﬂground in a nortar and t he rut heni um content was
determ gtﬁ) nﬁ“amg%djy%gm f l6dor e6cendd anédysi& ( XBR) . Ghe 6depo&it in a
col der Z8HE downst @W( m.of the reactors was washed out by neans of

hydrochloric 10 a st regg h by waight7bydroggen7ghl ord4de)y.8 Thes
conposi tion of tHi/S sol ution was determ ned by neans of em ssion

spectroscopy (OgR) e(n]'&gtgm% l -25 Tahp. 6o Gouposid i opgof tde shapgdgbodi es

before and after t ation of
Deposit Tin [mg/1] - nd 04 01 nd nd nd nd 04
Aluminium [mg/1] - nd 09 09 nd nd nd nd 05

* untreated sample, n.d. = not determined

- The degree of mobilization obviously increases with increasing partial pressure of the active
5  components hydrogen chloride and carbon monoxide. The deposit precipitated in the colder
zones downstream of the reactor consists virtually entirely of ruthenium (> 98% of the total

metal content) in compounds which were not determined in more detail.

Example 7: Influence of the contact time on the mobilization of ruthenium

compounds by means of hydrogen chloride and carbon monoxide

10 4 x 1 g of the shaped bodies from Example 1a were placed in four fused silica reaction tubes
(diameter 10 mm). All batches (7a-d) were heated to 330°C and conditioned by passing a gas
mixture 1 (10 1/h) composed of 1 I/h of hydrogen chloride, 4 1/h of oxygen and 5 1/h of
nitrogen through them for 16 hours. Subsequently, a gas mixture 2 composed of 10% by
volume of hydrogen chloride and 90% by volume of nitrogen was firstly passed through the

15  batches for 15 minutes (halogenation phase) and an HC1/CO gas mixture was subsequently
passed through the batches for 2 hours to form volatile ruthenium compounds (mobilization

phase). The volume flows passed through the individual batches are shown in Tab. 7a.



rut heni um conpounds and conposition of the deposit in a col der zone Exanpl e:
| a* 6a 6b 6c 6d 6e 6f 6g 6h Substrate Metal conponent Ruthenium 2.4 2.3 2.0
1.6 1.3 2.11.41.20.95 [%by weight] Shaped Tin [% by weight] 66 64 64 64
65 64 64 64 65 bodies Aluninium6.8 7,8 7.9 7.9 7.8 7.7 7.4 7.8 7.5 [%by
wei ght] Ruthenium|[ng/1l] - n.d. 72 100%.d. n.d. n.d. n.d. 150 Deposit Tin
[mo/1] - n.d. 0.4 0.1 n.d. nd. nd. nd 0.4 Aumnium[ng/1l] - n.d. 0.9
0.9 n.d. n.d. n.d. n.leb.GazParamgtensdarx the mebilizationphase= not det er ni ned The
degree of nobilization obviously increases with increasing partial pressure
of the active 5 compoments frydrogerm chtorToe—amd—carporr-Tonoxi de. The
deposit precipitated in the col der Examples dtaansth eafs of the reactor consists
virtual ly entirel ypifser Ut heni pm(z.98% of the total nmetal content) in
conpounds whi ch } 7: Influence of
the contact time on the ndhdiopaastilomdedi/ht udBsnildch 1ckHPPY6ds by neans of
hydrogen chlorid i,car hon nonoxi d 4 1 of, the shaped bodies from
Exanple 1 a Weree%%lgglezd iﬁa'f%@Brmqnt%Ef? [iq(‘)] [ 9§9ré%ét 2on tdoes (di aneter 10
m) . Al batches (4a-d) wer eNtﬂg@éfgql/ﬁ]o 330&9and ggondot i gegd by passing a gas
m xture 1 (101/h) %%ﬁ%osed of 1 1/h of hydrogen chloride, 41/ h of oxygen and
5 1/h of nitrogen through tFéshflayy (144 houl 88 S¥BsEfSent3.d2 a gas mixture 2

conposed of 10% Dy . VoI Une, O rogen chlorrde and 90% by vol unme of
ni t r ogfienthe mopHizatign phase.dhe dw&xgﬂw@mf the shaped hedics and ths Taimagioa f a

U ougieERs Rt Rehus 1T Colffh At epmnARa b ShFRr P AR R sk i

( nobi | foz teivomtiliphtaseof. rufhegivnod dmpouniorEabpassed t hrough the indi vi dual
batches are shown in Tab. 7a. -26- Tab. 7a: Paraneters for the nobilization

hase
P 5  Tab. 7b: Decolorization of the shaped bodies; characteristic deposit in a colder zone

(none: --, little: -, moderate: o, strong: +, very strong: ++)

Example: 7a 7b 7¢ 7d

Decolorization  ++  ++ 4+ 4+

Deposit e

After this treatment, the shaped bodies were removed from the reactor, ground in a mortar and
the ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The
deposit in the colder zones downstream of the reactors was washed out by means of

10 hydrochloric acid (20% strength by weight hydrogen chloride). The composition of this

washing solution was determined by means of emission spectroscopy (OES) (Tab. 7c).

15



Exanple: 7a 7b 7c 7d Phase Paraneter Hydrogen chloride [1/h] 0.35 1.05 1.76
2.46 Mobiliz- Carbon nonoxide [1/h] 0.59 1.76 2.93 4.1 ation phase
Nitrogen [1/h] 0.94 2.81 4.69 6.56 Total flow [I/h] 1.88 5.62 9.38 13.12
After the nobilization phase, the decolorization of the shaped bodi es and
the formation of a characteristic deppgit in a colder zone downstream of
the reactors were evaluated as indicator for the volatilization of

r ut heni.u ound T T, zatl ] e shaped

bodi eer E]h é’f‘&os’slol("ca'ﬁgﬁslg%lfedﬁh daescboﬁ?%f D? ﬁé t‘ lza?ifon or}t tle: -,
mderaﬁﬂheﬂunﬁédlﬂﬁ&mdb,aﬂdeéolm itfr0of théheﬁdﬂﬁ'ﬁcol&& zZﬂﬁe7C 7d

Decol ori zati on ++ ++ ++ ++ posit ++ ++ ++ ++ After this treatnent, the
shaped bodieswuere rempved fromthe reactor ground in a pgortar and the

rut heni um content was determ ned;thpmanfa*of 7& r aybf | ugg escrnce anal ysi s
(XRF). The depostt—n—the—cotder—zones—domstreamof—thereactors was
washed out by risthstragé 10Metadicompbuertc aci d (20% strength by wei ght hydrogen
chloride). Thé& composrtron gf htm S _Wwasning solutron was determ ned by neans
of em ssion spectroscopy ( E‘% © . 7c)2.4 195 27 1PBab.1.3c: 1Gnposition of

t he shaped bodi e %abe ore ah@b4a81Y he nobilization of ruthenium conpounds
and conposition UPPthe deggst%tb};@eghgol dg@; zq;ge E>ggrrp| @5 | ag5 7a 7b 7c 7d
Substrate Metal M?fonent Rut héni um [ % by wei ght]
Shaped Tin [%by weight] 66ABBNBBES 65 (¢ 75 74 73 74

[% by weight]
Ruthenium [mg/1] - nd nd nd 41
Deposit Tin [mg/1] - nd nd nd 01
Aluminium [mg/]] - nd nd nd 06

* untreated sample, n.d. = not determined

The total flow obviously plays only a minor role in the degree of mobilization of ruthenium
5 compounds. Mass transfer into the gas phase is obviously not limiting over a wide range of

superficial velocity. The deposit precipitated in a colder zone downstream of the reactor

consists virtually entirely of ruthenium (> 98% by weight of the total metal content) in

compounds which were not determined in more detail.

Example 8: Influence of the support component on the mobilization of

10 ruthenium compounds by means of hydrogen chloride and carbon

monoxide

1 g of the shaped bodies from Example 1b were placed in a fused silica reaction tube
(diameter 10 mm). The batch (8a) was heated to 330°C. Subsequently, a gas mixture 1
composed of 0.75 1/h of hydrogen chloride and 9.25 1/h of nitrogen was firstly passed through
15  this batch for 15 minutes (halogenation phase). After this halogenation phase, a gas mixture 2
composed of 0.75 I/h of hydrogen chloride, 0.75 I/h of carbon monoxide and 8.5% by volume
of nitrogen was passed through the batch for 1.5 hours and a gas mixture 3 composed of
0.75 l/h of hydrogen chloride, 0.75 I/h of carbon monoxide and 1.5% by volume of nitrogen
was subsequently passed through the batch for a further 1.5 hours to form volatile ruthenium

20 compounds (mobilization phase).

After the mobilization phase, the decolorization of the shaped bodies and the formation of a



bodies Alumnium6.8 7.5 7.4 7.3 7.4 [%by weight] Ruthenium[ng/1] - n.d.
n.d. n.d. 41 Deposit Tin|[ng/1l] - n.d. n.d. n.d. 0.1 Alumnium]|[ng/1l] -
n.d. n.d. n.d. 0.6 * untreated sanple, n.d. = not determ ned The total flow
obviously plays only a minor role in the degree of nobilization of ruthenium
5 conpounds. Mass transfer into the gag-phase is obviously not limting over
a wide range of superficial velocity. The deposit precipitated in a col der
zone : : i 1 i ‘ ni um (>
03% by et abed I L6 Bhe d5RBRI AR Il B L AR B LIROEC)

det er nonthd volatitpatendetrathbniukxcomgloands (Tabf 82)ence of t he support conponent on
the nobilization of 10 ruthenium conpounds by neans of hydrogen chloride

and cayho noxi.de, 1 f the shaped bodies, fraom Exanple | b were placed in
a fusgt“b%i%?i ﬁgcq?%qwgfttﬁséﬁa ‘EséFE‘ichPFﬁ)S.tw ROy CqldenZaRgs heated to
330C. ec J . e ed,pf 0.75 1/h of hydrogen

chl ori(ggﬂgngqgﬂggyﬂ@%ﬁhﬂ%@g&ﬁ%ﬁﬁ?ﬂ@% €+)gassed t hrough 15 this batch
for 15 m nutes (hal ogenation phase). After this hal ogenation phase, a gas

m xture 2 conposed of 0.75 1/h ofE%@ge@achl oride, 0.75 1/h of carbon
nmonoxi de and 8. 5% by vol une i assed through the batch for
1.5 hours and a gas m xture 3 Deogloszdioaf 6+75 1/ h of hydrogen chl ori de,

0.75 1/ h of carbon nonoxi de and 5%.Fy voI+ me of nitrogen was subsequently
passed through the batch for a fuf®A¥ 1.5 Hours to formvolatile ruthenium

20 .co unds  (mobi lization,phase). After the bilization .phase, the

dedol RNIZ0R gragrent 15 SRRt RoBEves ahavadES g rioh eeqing Tn 3 ghorar B

char agh@hitBdnigm 48Rt Was dbt@nERIdAS mERRVf KoM FHioBRBRIRE ahf§sik ERRINThe VT €

eval uated as indicator for the volatilization of ruthenium conpounds (Tab.
8a) . TdeposiBia:a @édenlzond dawnsticamfof thecreattonsovhstysshekoutbyanenns of hgdrpchloeposit i n

a col daec{d B%estrength by weight hydrogen chloride). The composition of this washing solution

was determined by means of emission spectroscopy (OES) (Tab. 8b).

10 Tab. 8b: Composition of the shaped bodies before and after the mobilization of

ruthenium compounds and composition of the deposit in a colder zone

Example: 1b* 8a

Substrate Metal component

Ruthenium
) 29 22
Shaped [% by weight]
bodies tani
Titanium 57 54
[% by weight]
) Ruthenium [mg/1] - 97
Deposit
Titanium [mg/1] - <1

* untreated sample

Ruthenium compounds can also obviously be removed from solids which consist mainly of

titanium dioxide.

15 Example 9: Mobilization of ruthenium compounds from titanium

electrodes by means of hydrogen chloride and carbon monoxide

A mixed oxide comprising 30% by weight of ruthenium and 70% by weight of titanium oxide

was applied to titanium electrodes (diameter: 15 mm, thickness: 2-3 mm) by means of a dip



(none: --, little: -, noderate: o, strong: +, very strong: ++) Exanple: 8a
Decol ori zation ++ Deposit ++ 5 After this treatnent, the shaped bodi es were
renoved fromthe reactor, ground in a nortar and the ruthenium content was
determ ned by means of X-ray fluorescence analysis (XRF). The deposit in a
col der zone downstream of the reactorsgnas washed out by neans of
hydrochloric acid (20% strength by wei ght hydrogen chloride). The

conpos f 0, em ssi on
cpoct reuiEpRerdys AERIAE S B REn YRIndihal HEET SRl o Lo e
bef or ervétiedivad loadingveasrBalu/mP. zlatze @fthes‘e tltanitulﬁeeﬂumdmwdridshlmdymom tion of
t he dep03|t in a coI der zone | e: | b* 8a _Substrate Meta mé“)onent

Rut henpla¢pdin g fysed silisg zepction %lwdwme&ﬁr]Z%am)eEherbaE%%}w%%}e% HtiG 57 54
De T |
Ru?ﬁZH%M%H%onpounds?gg%ﬁ%$m§) (%é%up$Hpﬁé@?é%%%géﬁ%ggﬁFE%F%§§$W%l@ﬁn20ﬁ5|st

mainl ythedughtii foad ihotrsdbidhtien phh’ée)ES@bﬁ@h&nﬂy, Mpdyi thixzat RaonposdddflPel/ ofm

compounds fromtitanium e|ectrodes by means of hydro2en chloride and carbon
monoxi lregepicklioaidg end & ldrprtregengvasdissthypagssdghrough the pateinion dy axauteHos by

‘r’]‘%' ght (o Eﬂa&l‘%ﬂ pHE %&jg §a§"@1§<t&&%%' dogxﬂ)é)ts@d 61’2%1?15‘&‘12%(?{)]%% PR §?/lsa ter:

Fess" neans of rocess -gel - based

Wi t h S¢dﬁl$(ﬁﬂueﬂitix1@@indl i)z} bﬁmtmgefﬁ@aﬁubsmdehﬁty passed thp@gihfthe batchifdrSrtiours | oadi ng

was 33 % n2. Five of these titanium.electrodes coated in this way were
orm volatile ruthenium compounds (mobilization phase).

10 After the mobilization phase, the formation of a characteristic deposit in a colder zone
downstream of the reactor was evaluated as first indicator of the mobilization of ruthenium

compounds (Tab. 9a).

Tab. 9a: Decolorization of the shaped bodies; characteristic deposit in a colder zone

(none: -, little: -, moderate: o, strong: +, very strong: ++)

Example: 9a

Decolorization n.m.

Deposit ++

15 * untreated sample, n.m. = not measurable

After this treatment, the titanium electrodes were removed from the reactor, and the
ruthenium content was determined by means of X-ray fluorescence analysis (XRF). The
deposit in the colder zones downstream of the reactors was washed out by means of
hydrochloric acid (20% strength by weight hydrogen chloride). The composition of this

20  washing solution was determined by means of emission spectroscopy (OES) (Tab. 9).



placed in a fused silica reaction tube (dianmeter - 25 m. The batch (9a)
was heated to 330C and a gas mxture 1 (101/h) conposed of 41/h of oxygen
and 61/ h of nitrogen was passed 5 through it for 2 hours (oxidation phase).
Subsequently, a gas m xture 2 conposed of 51/h of hydrogen chloride and 5
1/h of nitrogen was firstly passed thrygugh the batch for 15 m nutes

(hal ogenati on phase) and a gas m xture 3 conposed of 3 1/h of hydrogen

chlori equently
passed t rougﬁrk{(ﬁitl%l @tﬁg?'g?mgﬂﬁolg&g gb%%?r%ﬁgo aH?eﬁ;&B H?ﬁ%i;corrpounds
(nobi | rithéniam ¢ongsrnds hiddAbhgositioa ofthé depuaitiina qohksaoné he formati on of a
characteristic deposit in a colder zone downstream of the reactor was

eval uated as first i i heni um conpounds
(Tab. 9a). Tab. 9a: Decol orization of Exemphapda*bodlaes; characteristic
deposit in a colder z none: -- little: -, noderate: o, strong: +, very
strong: ++) Exanpl e: gﬁ’sﬁét‘bl orM‘Zt&!F‘UHpW“?ﬂt Deposit ++ 15 * untreated
sanple, n.m = not neasur abl e Afﬁﬁ Ih&hs[ at nment, fshe titani um el ectrodes
were renoved from the Tieaddmar, t ? enl um content was determ ned by

means of X-ray fluor esa@aﬁﬂeanal ysi'Htan}®F) . Th deR in the col der zones
downstream of the reactors was waplaég weightpy means o ' hydr ochloric acid
(20% strengt h by wei ght hydrogen%cnl Qri jn‘e%(l The co ition of this 20

lem ssi o pect roscopy (OES)

washi ng sol ution was dej 8? ned
(Tab. 9). -30- Tab. 9: nposi ti qntaglflm{ﬁeg/ql t ani.um @I@Ctrodes bef ore and
after the nobili zati-er—ef—F+utheror-coRpourds—and—eerposi tion of the
deposid.m. b rdt aRehfieablgone Example: |lc* 9a Substrate Metal conponent Titani um
Rut henium [g/n2] 33 15 electrode Titanium|[% by weight] n.m n.m

Ruthenium compounds can obviously also be removed from the surface of the titanium

5  electrodes.



Deposit Ruthenium[ng/1l] - 8.9 Titanium|[ng/1l] - 8.4 n.m = not neasurable
Rut heni um conpounds can obvi ously al so be renoved fromthe surface of the
titanium 5 electrodes. -31 - CLAIMS 1. A process for recovering netallic
rut heni um or a rutheni um conpound froma solid containing rutheniumor a

rut heni um conpound conprising treatingisaid solid wwth a gas stream
conprising a mxture of a hydrogen halide and carbon nonoxide in a 5
reaction zone at an el evated t enpep g lﬁ(/@ to format |east one volatile

rut heni um conpound which is carried o by said gas stream and subsequently
cooling the gas streamconprising said at |east one volatile ruthenium
conpound. A prbbessfoeeseriag m:dt@ll1trhithenmgroeiamutﬁa]h1dnmdnhpbundlﬁttoai msolgl rut heni um
or a ruthenium .conmpound is a solid catal yst or_ electrode ria 10 3.
The pr ocesSOBRIENGTURONIUDRER £ C@W&OWBPWSWW&IW&%G%@%? rSBEQWl R ori de.

4. The pro mf ot SPREY S ot | east
250C. 5. T%?%F%%:negdan%ﬁg%% Fé&aﬁ? lslgllgllzélcoo ('%ng |I§Bac |eved by

deposi t i ng reaxtidn adbnd #aatelevated terapahtutectorfotn etlicastione nplatiledutheniandeposi t i on
zone which is colder. than saijd reaction zone %ﬁﬂ%ﬁor a sor bi ng, said at | east

one vol at i [S8MPAYHEWNicHiE el hyrsayl gas sueanyan faeatly sedlBredhtgasai d at
| east_one gbah obfipkith Sk UNEAMRBRR ufhARRPElhpo ?er'f’i'.- 6. The process

of claim®6, erei eposition zone IS eposition surface. 7.
The process of claim1l, wherein the hydrogen halide content of said m xture
of a Zhydr dherpréuzks dfeclaindl cwhdneinsmidmobiddmtﬁinirgahﬁegiammtarmﬂmnMeri ng the
reaction zoneis(ﬁOmthe e of from0,1 to 99.9 %by volune. 8. The

process of CCMRPHR lsavﬁ‘?@iié?f‘tﬁytsh cdegodn MAABki de content of said mixture of a
hydr ogen hal i de and carbon nonoxide in said gas streamentering the reaction

zqee 13 1 MHhRodedN@E 18 1, vHBrén Laill hyddgln Kalkie 1Y BYdtBBen chloride.

4. The process of claim 1, wherein said elevated temperature is at least 250°C.

5. The process of claim 1, wherein said cooling is achieved by depositing said at least
one volatile ruthenium compound in a deposition zone which is colder than said

reaction zone and/or absorbing said at least one volatile ruthenium compound in a

15 solution and/or adsorbing said at least one volatile ruthenium compound on a support
material.
6. The process of claim 6, wherein said deposition zone is a colder deposition surface.
7. The process of claim 1, wherein the hydrogen halide content of said mixture of a

hydrogen halide and carbon monoxide in said gas stream entering the reaction zone is

20 in the range of from 0.1 to 99.9 % by volume.

8. The process of claim 1, wherein the carbon monoxide content of said mixture of a
hydrogen halide and carbon monoxide in said gas stream entering the reaction zone is

in the range of from 0.1 to 99.9 % by volume.

9. The process of claim 1, wherein the sum of hydrogen halide and carbon monoxide in
25 said mixture of a hydrogen halide and carbon monoxide in said gas stream entering the

reaction zone is at least 0.2 % by volume.

10.  The process of claim 1, wherein said gas stream entering the reaction zone contains

less than 10 % by volume of oxygen.



9. The process of claim1l, wherein the sum of hydrogen halide and carbon
nonoxi de in 25 said m xture of a hydrogen halide and carbon nonoxi de in
said gas streamentering the reaction zone is at least 0.2 % by vol une. 10.
The process of claim1, wherein said %gs streamentering the reaction zone
contains |ess than 10 % by vol une of “6Xygen. -32- 11. The process of claim
1, wherein the superficial velocity of said gas streamentering the
reactildn zdme precebeefxlaivah vit@reimths, superficiphselpeigicefswibgassirgiumenteripadicei n t he
gas stream conprising,sai.d ali) | east one volatile ruthenium conpound is
cooled to 563‘:5&%@?%18}6358?% <@Phan 250 Cto isolate solid 5 ruthenium
conpounds. 13. The process of claim1, wherein said solid containing

rut heni2um Jthe rédesETUIAIM 1,GAERAH KE oS stré@AtefpMbihf s#ld aOk¥gDdRe ¥ORALRI Ni Ng gas
streamin an oxi dation phase before it is treated with said gas stream

conpr i si ng retherixm gompetng isgpeledde o terapsratareefdessdbabd Totroselde soliher ei n t he
ox¥gen contrgt%n.of csoai %ugﬁg/gen-cont aining gas streamis 10 at least 0.1 % by
voPume and "Sard oxdEO"d ‘phase is carried out at a tenperature of up to

700 C. 14. The process of claim1l1l, wherein said solid containing ruthenium

or a rigt hermhgprodespiulaich 1,Sviicteiataid svlid bordaifiag rethesiam eranuttiealung hydr ogen
halide in a hal ogenati on phase before jt is treated with said gas stream
conpri si ng camppyRd is dregted AViHyaly GyEan-contRINEAs SFeArs 4t HooxideHE@EE wher ei n

t he hydrog Is t_.qf i . eam . [d Sl rpgen ;hal i de
is at | east% Qg)fﬂ%‘{t&/og gglﬁgoﬁﬁﬁréalgr%&gg%%ggﬁog?%%%%%éﬁg%ﬁoggéi%g%% ﬁl e dout at a
t enper at ur @afbn WorbRidé0Rhézeinlthe oXViRnROORESS safd e¥ygemrcdittainiMperagisedn &
hydrogen halide in said gas stream conprising halogen halide is hydrogen
cHPori de. 2bleag 0.Irebypyeleme andsaid oxidatiam phasp éy @iticdselt @t 8 SHIMRETABIFOAVAI ng

rut heni um g(g 780 s%t heni um conpound is treated with an oxygen-contai ni ng gas
streamin dan oxidation phase before is treated with said gas stream

conpri sing hydrogen halide in said hal ogenati on phase, wherein the oxygen
cont eny, of Teiptbde¥yfulaiaontvetienéingaid 36li¢ tdrafingSuthbniu@&ta WitHenium

compound is treated with a gas stream comprising hydrogen halide in a halogenation
phase before it is treated with said gas stream comprising a mixture of a hydrogen

15 halide and carbon monoxide, wherein the hydrogen halide content of said gas stream
comprising hydrogen halide is at least 0.1% by volume and said halogenation phase is

carried out at a temperature of up to 700 °C.

15.  The process of claim 14, wherein the hydrogen halide in said gas stream comprising

halogen halide is hydrogen chloride.

20 16.  The process of claim 14, wherein said solid containing ruthenium or a ruthenium
compound is treated with an oxygen-containing gas stream in an oxidation phase
before is treated with said gas stream comprising hydrogen halide in said halogenation
phase, wherein the oxygen content of said oxygen-containing gas stream is at least 0.1

% by volume and said oxidation phase is carried out at a temperature of up to 700 °C.

25 17.  The process of claim 1, wherein the treatment of said solid containing ruthenium or a
ruthenium compound with said gas stream comprising a mixture of a hydrogen halide

and carbon monoxide is repeated one or more times.

18.  The process of claim 13, wherein the treatment of said solid containing ruthenium or a

ruthenium compound with said oxygen-containing gas stream is repeated one or more




% by volume and said oxidation phase is carried out at a tenperature of up
to 700 C. 25 17. The process of claim1l, wherein the treatnent of said solid
contai ning rutheniumor a ruthenium conpound with said gas stream
conprising a mxture of a hydrogen halide and carbon nonoxide is repeated
one or nore tines. 18. The process of 3gl.aim 13, wherein the treatnent of
said solid containing rutheniumor a ruthenium conpound with said
oxygen-cont.ai ni ng gas streamis repeated one or nore -33- tines. 19. The
process of 'Yl m 13, wherein the treatment of said solid cont ai ni ng
rutheniumor a ruthenium conpound with said gas stream conprising hydrogen
hal i dg9i s IMep@adcess EfdaimOr3, Wheteil theRfeatnien? Of sAAd saliddontdiniap rethedtthade coating

conprising rutheniumor a ruthenium conpound  prepared by the process of
claim 1. 1amuthgmumxgmpound with said gas stream comprising hydrogen halide is repeated one

or more times.

5 20.  Acatalyst or electrode coating comprising ruthenium or a ruthenium compound

prepared by the process of claim 1.
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