-1- Method For The Recovery O Ruthenium From Used Rut heni um Oxi de-
Containing Catalysts 5 Description The invention relates to a process for
recovering rutheniumfromused catal ysts conprising rutheniumoxide. 10 In
t he process devel oped by Deacon in 1868 fbr the catal ytic oxidation of

hydr ogen chl ori de, hydrogen chloride is oxidized by means of oxygen in an
exothermc equilibriumreaction to formchlorine. EP-A 0 743 277 di scl oses
such a process for the catal ytic oxidation of hydrogen chloride, in which a
rut heni um conideihe ngors UipoReeevecat®@ yeithengimusadm Used hRethgnrigme £xjder ut heni um
is applied in €CodtainthgfCatalyss$ rut heni um chl ori de, rutheni um oxychl ori des,

chl ororut henate conpl exes, rutheni um hydroxi de, ruthenium am ne conpl exes
or in the formof further ruthenium conplexes to the support. According to
GB 1104613531Ek%&hﬁﬂhun(|||) chloride on alum num oxide is used as catal yst
in a process for the catalytic oxidation of hydrogen chloride. 20

y- Al um num oxi de is usually used as al um num oxi de support. Used nobl e netal
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support are general|l %/éﬁtﬁeat ed py hydronetal | urgi cal processes to réecover 25

t he nobl e net &§PEPIHER SHEMPXERuUnT num oxi de support is dissolved in sodium
hydr oxi de solution or sulfuric acid, with the noble netal remaining as
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netal s from usgdegamahydbRide OMRhESLMGRRE! SorfRERlsS oPYin PO RBRalF Ulidh&al
ruthenium complexes to the support. According to GB 1,046,313, ruthenium(lli)
chloride on aluminum oxide is used as catalyst in a process for the catalytic
oxidation of hydrogen chloride.
20
y-Aluminum oxide is usually used as aluminum oxide support.

Used noble metal catalysts which comprise platinum group metals on y-aluminum
oxide as support are generally treated by hydrometallurgical processes to recover

25 the noble metals. Here, the y-aluminum oxide support is dissolved in sodium
hydroxide solution or sulfuric acid, with the noble metal remaining as undissolved
residue. This method of recovery requires a fow carbon content of the used
catalysts. Noble metal catalysts having a high carbon content and catalysts which
comprise noble metals on insoluble supports such as a-aluminum oxide, silicon

30 dioxide or zeolites are processed in pyrometfallurgical processes to recover the
noble metals. In pyrometallurgical processes, the catalyst is converted into a melt
at temperatures of > 1300°C and is subsequently separated info its elemental
constituents, cf. Hydrocarbon Engineering July 2003, pages 48-53, and
Hydrocarbon Engineering March 2004, pages 31-36. The recovery of noble

35 metals from used catalysts comprising noble metfals by pyrometaliurgical
processes is complicated and expensive.



processes is conplicated and expensive. -2- A disadvantage of the processes
for the catal ytic oxidation of hydrogen chloride which enploy catalysts
based on a-alum numoxide is the | ow mechanical strength of the catal ysts.
This results in high attrition and fine-gust formation. For this reason,
nobl e nmetal catal ysts corrpri si ng ruthenium on a-al um num oxi de 5 support
haverecently been in the catal ytic . oxi |on f. h .
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20 JP 2002- 206122 relates to a process in which rut heniumis recovered from
rut heni unco ed oxi des whi ch_conprise fur her tals

it hent uibcorbrd e $BHoRET b TritisSal efrooudion A hRTbmeodin &HE e
further rret abmpsisiag r etchendon drheuthenitiheoxidet Ihese)talrerread:tam with hyiseouns ar e
subsequently i.ssal neans i d. tre W th.rutheni um
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an obj ect of chilvede rrs/emttsiequerttb] pEsesd theowghpa barkss chtrnrlde aohrien iang collgdierhi um
from rutheni M ﬁ%u@é EgRﬁé aI ysts which conprise rutheniumin oxidic form

on ceramc support mat erral s whi ch are sparingly soluble in nineral acids.
The 30 pbocess should be sinple to carry out and inexpensive. The object is

achi eved by apps9¢6sms 8’i§ |6§‘€s0 V\E!’ré Qs ffétt Jé%é‘téﬂi’r‘tp ﬁiéhﬁmvﬁﬁﬂhtch ruthenium
rut heni um conpri sing cata e ri ses eni um as rut eni um oxi de
on oxides present on a corrosron re5|stant support are firstly reduced to metallic

ruthenium and subsequently converted into soluble alkali metal ruthenates.

20 JP 2002-206122 relates to a process in which ruthenium is recovered from
ruthenium-comprising mixed oxides which comprise further metals. The
ruthenium-comprising mixed oxide is reduced, so that ruthenium and the further
metals are reduced. The further metals other than ruthenium are subsequently
dissolved by means of an acid treatment, with ruthenium remaining as insoluble

25 residue and being isolated by filtration.

It is an object of the invention to provide a process for recovering ruthenium from

ruthenium-comprising catalysts which comprise ruthenium in oxidic form on

ceramic support materials which are sparingly scluble in mineral acids. The
30  process should be simple to carry ouf and inexpensive.

The object is achieved by a process for recovering ruthenium from a used

ruthenium-comprising catalyst which comprises ruthenium as ruthenium oxide on

a support material which is sparingly soluble in mineral acid, which comprises the
35 steps:



a support material which is sparingly soluble in mneral acid, which
conprises the 35 steps: -3- a) the catalyst conprising rutheniumoxide is
treated in a stream of hydrogen, wi th rutheni um oxi de being reduced to
metallic ruthenium b) the reduced catalgst fromstep a) conprising netallic
rutheniumon the 5 sparingly soluble support material is treated with

hydr ochl ori c CI d resence an ox risin as, wth the
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chl ori de and bei ngwitrotuttanied ozige aQMQMCedtmmetaurﬁrhihbh{uahl oride solution; 10
c) if appropriate, the ruthenium(lll) chloride solution fromstep b) is

worked up further. Suitable sparingly soluble support materials which can
be treated byt he theogedused cftalystefromaden apgospdsing oneteliamptheniuar- ah dine num
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titani um di oxi de godhetr zirconium dioxide. In general, this catalyst is used
at a 25 tenperature of above 200C, preferably above 350C, in the catalytic

oxi dation of hydrogen chloride. The reaction tenperature is generally not
nore than 60(81;|tab|ersﬁaen@lblsplunm suppor rhdtaral®0Och cEmebe tibdited ibyrthe praeessi ng

talysts wh ' f L 30 inventi
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The process of the invention is preferably used for recovering ruthenium from
used ruthenium-comprising catalysts which have been used in the Deacon

20 process and comprise a-aluminum oxide as support if appropriate admixed with
further support materials. In general, the support consists essentially of
a-aluminum oxide, but can comprise further support materials, for example
graphite, silicon dioxide, titanium dioxide and/or zirconium dioxide, preferably
titanium dioxide and/or zirconium dioxide. In general, this catalyst is used at a

25 temperature of above 200°C, preferably above 350°C, in the catalytic oxidation of
hydrogen chloride. The reaction temperature is generally not more than 600°C,
preferably not more than 500°C.

The ruthenium-comprising catalysts which are worked up by the process of the
30 invention are usually obtained by impregnation of the support material with
agueous solutions of ruthenium salts, with shaping of the catalyst being carried
out after or preferably before impregnation of the support material. The catalysts
can also be used as fluidized-bed catalysts in the form of powders having mean
particle sizes from 10 to 200 pm. As fixed-bed catalysts, they are generally used
35 in the form of shaped catalyst bodies. After impregnation, the shaped bodies or
powders are usually dried and subsequently calcined at temperatures of from 100
to 400°C in an air, nitrogen or argon atmosphere, preferably an air atmosphere.



particle sizes from10 to 200 pm As fixed-bed catalysts, they are generally
used 35 in the formof shaped catal yst bodies. After inpregnation, the
shaped bodi es or powders are usually dried and subsequently cal ci ned at
tenperatures of from 100 to 400C in an-ai.r, nitrogen or argon atnosphere,
preferably an air at nosphere. -4- The shaped bodi es or powders are

ferably fi dried. at f 100 t t] Lcj ned at
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hydrochloric acid havmg a hydrogen chloride content from 20 to 37% by weight,
20 for example about 32% by weight. The oxidation is carried out in the presence of
an oxygen-comprising gas, preferably air. For example, it is possible to place the
sparingly soluble support comprising metallic ruthenium in an autoclave together
with concentrated hydrochloric acid and to pass air into this solution. To limit the
solution volume, gaseous hydrogen chloride can additionally be passed in. The
25  dissolution of the metallic ruthenium usually occurs at an elevated temperature of

generally from 60 to 150°C, for example about 100°C.

The resulting aqueous solution comprising ruthenium(lll) chloride can, if
appropriate, comprise further metals in the form of their chlorides. These further
30 metals can originate from the reactor material and have got into the catalyst as a
result of abrasion (for example nickel from nickel-comprising steels) or have been
comprised in the ruthenium-comprising catalyst as further active metals in addition
to ruthenium. Thus, the ruthenium-comprising catalyst can comprise, for example,
further noble metals selected from among palladium, platinum, osmium, iridium,
35  copper, silver, gold and rhenium. These further metals can be partly or completely
separated off by customary methods in an opticnal work-up step ¢). The suitable
methods are described in Beck, Edelmetall-Taschenbuch, 2nd edition, Heidelberg:



result of abrasion (for exanple nickel from nickel-conprising steels) or
have been conprised in the rutheniumconprising catalyst as further active
nmetals in addition to ruthenium Thus, the rutheniumconprising catalyst
can conprise, for exanple, further noblg_netals selected from anong

pal | adium pl ati num osm’ um iridium 35 copper, silver, gold and rhenium
These further art onpl et el eparat ed off by customary
met hods in arﬁ"gﬁ 8%%1 fB7 kY JH‘%F%;J?‘H‘%FT egiis §bﬁ- chnglaa ddthaediti9Bscr i bed
i n Beck, Edelmmaelh -pEges Be0bwsT. 2nd edition, Heidel berg: -5- Huthig 1995,
and W nnacker - Kuchl er, Chem sche Technol ogie, 4th edition, volunme 4, pages
540 to 572. The invention is illustrated by the follow ng exanple. 5
Exanpl e 300 Tdhedhventias &dilcstatddyint the dotiowirg exgné.by wei ght of RuQ2 on

a- al um nug oxi de as support was reduced in a stream of hydrogen at 200C in
a rotary tube furnace 10 for 3 hours. Here, the catalyst was firstly heated
to 200C i n aE@mpden of nitrogen, and was then reduced in a stream of N2/ H2
(5:1) for 1 hour and subsequently in pure H2 for 3 hours. The reduced

catal yst was di spensed under a ni trogen —atnos here into a vessel into which
ni trogen was 398<kela used calatystempring 9%tby weightsefiRuen atajurnindims®éds ed

under a nltr%%gaamahsmeurﬁas&e%% hvarogém émb é5n @F?Qt%hﬁﬁJBﬁ f@Rdcel 160 g
of 32%strenth é drochloric acid were Wiile stirring and
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mixture was subsequently stirred at 100°C while sparging the solution with 50 i/h

of air for 24 hours. A dark red ruthenium chloride solution was obtained and this
was decanted off from the residue. The support which remained as residue was

20  washed with about 1| of water until neutral. The support was subsequently dried
at 120°C for 16 hours and the ruthenium content of the support was determined.
The determination indicated a ruthenium content of 0.20% by weight. In
comparison, the used catalyst comprised 1.49% by weight of ruthenium. Thus,
about 13% of the originally comprised ruthenium remained on the support.

25



-6- Patent clainms 1 A process for recovering rutheniumfroma used

rut heni um conpri sing catalyst which conprises ruthenium as rutheni um oxi de
on a support nmaterial which is sparingly soluble in mneral acid, which
conprises the steps: a) the catal yst conprising rutheniumoxide is treated
in a streamof hydrogen, with ruthenium oxi de present on the support being
reduced to metallic ruthenium b) the&-educed catalyst fromstep a)
conprising nmetallic rutheniumon the support material is treated with
hydrochl oric acid having a hydrogen chloride content from20 to 37% by

wei ght in thgpq;? % nce of air at a tenperature of from®60 to 150C, wherein
air is passed A'¥t'§'d M8 solution, with the metallic ruthenium present on the
support being dissolved as rutheniun(lll) chloride and bei ng obt ai ned as

rutheniurr(lll) chI ride s appr rlate rut heniun(lI1)

Chi orfde sol b on A meniest dpt b5 erig,oitbe Rt fom, £ 1Bea Shenli Ernites

accordi ng to cl ai malglysihehieh rcohipeisspanthagilisn asl ruthleaiusu pigidiet on ratsappert

conpri ses a-al um i t

wherein the rut nellGaronie & s el $58E FETR0EL AR Rabh SR Fon o
the sparingly sol Wépms: support with rutheniun(lll) chloride solution, drying
and cal cination. 4. The process according to claim3, wherein the

rut henium(111) chl or| de solution obtained in step b) or c) is used for
produci ng fresh ceadalthetcat@yst iampsistigessheiwaratideyist geated bf acitams ol to 4,
wherei n the rutheni URyyRYER! With AEnERLRIokRIe drEsdit 8 thd stidioroadifttd @R of

hydr ogen chl ori de.
to metallic ruthenium;

b) the reduced catalyst from step a) comprising metallic ruthenium on the
support material is treated with hydrochloric acid having a hydrogen
chloride content from 20 to 37% by weight in the presence of air at a
temperature of from 60 to 150°C, wherein air is passed into the
solution, with the metallic ruthenium present on the support being
dissolved as ruthenium(lll) chloride and being obtained as
ruthenium(lll) chloride solution;

c) if appropriate, the ruthenium(lll) chloride solution from step b) is
worked up further.

2. The process according to claim 1, wherein the sparingly soluble support
material comprises a-aluminum oxide.

3. The process according to claim 1 or 2, wherein the ruthenium-comprising
catalyst is produced by impregnation of the sparingly soluble support with
ruthenium(lll} chloride solution, drying and calcination.

4, The process according to claim 3, wherein the ruthenium(lll) chloride
solfution obtained in step b) or ¢) is used for producing fresh catalyst.

5. The process according to any of claims 1 to 4, wherein the ruthenium-
comprising catalyst is used in the oxidation of hydrogen chloride.



