PF 0000057482/ Kes -1- "as originally filed" Process for recovering ruthenium
fromused cat§k¥%b§m§?g9k%sing rut heni um oxi de 5 Description The invention
relates to a process tor gcovering rut henium from used catal ysts

conprising rutheniumoxide. 10 In the praqcess devel oped by Deacon in 1868
for the catalytic oxidation of hydrogen chloride, hydrogen chloride is

oxi di zed by ngans of .ox ei1 i NE.an exothermc equilibriumreaction to form
chl ori ne. EP—MMQ_S_UW a process for the catalytic

oxi dation of hydrogen chloride, in which a ruthenium conprising supported
catalyst is used. In this process, rutheniumis applied in the 15 form of

r ut heni um chl Brdcess for (rdareringmuthepitim bemdesd cathlysts@moutphising triathemiomi cxides

rut heni um hydr oxi de, rutheni um am ne conpl exes or in the formof further

rut heni um conpl exes to the support. According to GB 1, 046, 313,

rut heni un(q | IrTEeSQfWF'@?i de on alum num oxide is used as catalyst in a process
for the catalytic oxidation of hydrogen chloride. 20 y-Al um num oxide is
usual |l y used _?s al um, num oxi de sug ort. Used noble netal catal ysts which
conprise pl at 1 MutAVEPITprERIERIS 2 RONRSaIfaesaYRTNg X Hienve Eampesed eatalygiener al |y
treated by hyeuraprir futhediuembxigg.ocesses to recover 25 the noble netals.
Here, the y-alum num oxi de support is dissolved in sodi um hydroxi de sol ution
or sulfuric acid, with the noble nmetal remaining as undi ssolved residue.

Thi s net hidd of thec pueeys rdasyeiopes By Deacaaribor8é8ofor ethe cdtalytive omiglation of

catal ysts. Nopl { a hay i n t d. catal ysts
whi ch conpri lts?yeot?0 ghlﬁg{%ﬂ é)yoz@%nngﬁlbﬁ%ﬁ ZS fsg) B%%gg'?épﬁecﬂ%gaéﬁggﬁ%ﬁrﬁnn oxi de,
silicon 30 diexithrmiz equilibriumereastios tpfooesdesihel EPpdy PaWB12AF [disclfisealugh acesses
to recover th 1 0y t i ar S, oL cat al yst
is converted [I?‘T nt %gg*%ﬁg@g%tkce%@'gﬁﬁ e@htﬁﬁ%g @6’8% gﬁgﬁlﬁ;@ %Jﬁ@ga@@tnt Iy
separ at ed i nt eMprsing syppatied catalykisiusadrn dhis proces duiierivpois aprtigchiedheng Jul y

2003, pagps 4Bmpdr atniukY dhBsd, RameFuE BRRAiIcREedBiHido#hatdP88RSIedds, 36. The

recovery of noble. _ ) , X
ruthenium hydroxide, ruthenium-amine complexes or in the form of further

ruthenium complexes to the support. According to GB 1,046,313, ruthenium(lIl)
chloride on aluminum oxide is used as catalyst in a process for the catalytic
oxidation of hydrogen chloride.

20
v-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 low carbon content of the used
catalysts. Noble metal catalysts having a high carbon content and catalysts which
comprise noble metals on insoiuble supports such as a-aluminum oxide, silicon

30 dioxide or zeolites are processed in pyrometallurgical 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 into its elemental
constituents, c¢f. 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 metals by pyrometallurgical
processes is complicated and expensive.



35 netals fromused catal ysts conprising noble netals by pyronetal |l urgical
processes is i cat nd expensi ve. PF 0000057482/ Kes -2- A di sadvant age
of the procesggwé%@ﬁﬁ%'@ﬁt al ytic oxidation of hydrogen chloride which
enpl oy catal ysts based on a-al um num oxide is the | ow nmechanical strength
of the catalysts. This results in high attrition and fine dust formation.

For this reason, noble netal catalysts conprising rutheniumon a-alum num
oxi de 5 suppoh tdisedvantage ehtheyprabesseb demthagathlyitic addstiomtofiihydriogemxhidedé on of

hydrogen chl ghitdleem@bi Cutdly Lﬁas_e&%r%-gnentrﬁm GRleUR Ehd 5N hBerRfhiaym
hydroxi de solution and in sulfuric acid, the recovery of rutheniumfromthe
used cat al yst ¥refgipef e cgtalystsa Thisi reavHsdRiniah ariting @ng fiee dustifognatign. febcesses
is ruled out.thOretBoR3nébls 3dtad t2EIyS CSonfprRIrRCRMSeriih dreaAMBhihDG bHbdeni um
fromresi %es conpri si n% rlljt hf:nl m or %(?Jt_hegl um oxj de., These ﬁre react ed
with gaseocus SUPRPHrhHE HCeRyRIsCe 4887 dn 1B @i ticuPHEMOMPE AYIPEER. The
Vﬁ: at i lje rult hemdrige S(Miied oc:i-:amlmimgn swidaaqmtdb}el D%tf&ﬁ%o%tﬂgﬁhﬂhoﬂd@&biuum

chl oride solutipn and.col. te as ter-so a 15, 15 JP 58-194745
Gisol oses o prbBeBMEd 2o FoxdS, dHERIER Tom e SRR sRTP B dios
present on a @alunosuromxide Dystydmimetaljppgicdl peocessasris tulgd ogtduced to netallic
rut heni um and subsequently converted into soluble al kali netal ruthenates.

20 JP 2002-206122 relates to a process in which rutheniumis recovered from
rut heni umMCond? P&i01g5e »disrlasrk daspresh ferorgedveeng utthesiumreTam sresithes

rut heni um conpiifsidiy RikedudX bAGuiheniROYKRE, THRs Nk raabRaNIMM gadolbe
further netals are reduced. The further netals other_than ruthenium are
subsequent | y Ciiprifgopt/igh dGmaprakse 4o form adhenivm cataneat Thevvelatileuuemiuim
remaining as HisridelblsBbsetfuieh®s bakied andudie ariLsotidrRe difutioh!dnaidiédteq !t 1S
an object of the inventi n%&pr ovi de a process for recovering ruthenium
from rutheni WE’SFF&?'PE'P%& lml yst's which conprise rutheniumin oxidic form
on cerams support materials which are sparingly soluble in mneral acids.

The 30 pr OcejF? 5§h1%ﬂ|795 %rescFolsg? laeprgges%af%F ¥ec%ld¢terin%;nrdutrluert]1?ﬁ( ell’? %\Jh\l/c%' ruthenium
oxides present on a corrosion-resistant 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 soluble in mineral acids. The
30 process should be simple to carry out 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:



The object is achieved by a process for recovering rutheniumfroma used
rut heni um co IS} st which conprises ruthenium as rutheni um oxi de
on a supporppﬁgﬁgé}%gﬁgé\ﬁegh is sparingly soluble in mneral acid, which
conprises the 35 steps: PF 0000057482/ Kgs -3- a) the catal yst conprising
rutheniumoxide is treated in a stream of hydrogen, wth ruthenium oxide
being reduced to netallic ruthenium b) the reduced catalyst fromstep a)
conpri si ng nmedlal | i ®ercatash romPising futhenBurg paide ingirsated Inubstecasn phlaydrogem er i al

is treated with hygroelthaHiir ofekbeind rbiifedb BREAREruMenfin;0Xygen- conpri si ng
gas, with the netallic rutheniumprésent on the support being dissolved as

ruthenium(l11) chloride and being obtained as aqueous rutheniun(lIl)

chl ori de sol up) on; theOregicdd capRsOPoMmadtep ab empysing Thetalit IrltheaibhPobh dBe
sol uti onnté om step

b). i rked u further. Suitabl aringly. soluble
suppor t erials r'@ﬂacsé’ ereeSde)gt @8{%'9FFH?HE?JOWEES’VS%FHPH‘2al\é'ﬂ\)BﬁH‘? on are,
for exanpl e, a-al upresemeofiadexygen-caopristhgogdsowith thet raataliovruthénidmgxesemt (ruti | e
and anatase Ti Q2, rabl y  rutile.Ti 4 ' iQxide, zeolites and
araphi te. A pr of erTod S aBseR Pahg “urieel f SRR BbEEL SRETOHHE
invention is pref epktbingd as aduéans rutbeoivan(illhghlotidehgohitioomr f rom  used
rut heni um conpri si ng catal ysts which have been used in the Deacon 20
process and conprise a-al um num oxi de as support if appropriate adm xed with
further sthpott naif apprapdate]the gethepiam(ii} ehdorgepiobition fersstep ) ssvwked 6P| y of
a-al um num oxi de, fghecan conprise further support materials, for exanple
graphite, silicon dioxide, titanium dioxide and/or zirconium di oxi de,
preferably titanium dioxide and/ or zirconiumdioxide. In general, this

catal yst is usgithols sparidBlyl MRS adppoft Mkt whicHOSdR boirebtet Ayl thie pRSVESs 350C,
in the catalyt ﬁ’\OXI dation_ of h}{ rolgen aghl_orl de.. The..reaﬁtl_on t_?rrperature

i s general |y NolenBVENtoRaAes (BICEXArPPIEs Sral WUy PXidey ailigqh, HioxHsc itapin

r ut heni um&conglioxide (ytileatnal anatase WD g preferabiyoutie Tidy), Ancohinm gioxidEweolittst he 30
nvention are, usuabhe W8 E1ALH SO¥pdTREANMN Aol t he support material with

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 generaily 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
aqueous 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 um. 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.



aqueous sol utions of rutheniumsalts, wth shaping of the catal yst being

carried out erably before | npregnation of the support
material. The chﬁ‘i‘?@?ﬁ@é&ean al so be used as fluidized-bed catalysts in the

form of powders having nean particle S|£es from10 to 200 pm As fi xed-bed
catal ysts, they are generally used 35 in"the form of shaped catal yst bodies.
After inpregnation, the shaped bodies or powders are usually dried and
subsequent | y Bl shaped badiaseorpravatens e prlefdrallynfilsiiy dried AG@G 1100 an 1807C

t f
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at from 100 t@tﬁ%g&desafﬁ@“é'ﬂm@’équ@ﬁtly cal ci ned at from 200 to 400C.
Calcination results in formation of the oxides fromthe chlorides. 5 A
parti cul ar advanta e of the g cess of the invention for recovering

r ut heni um® f r'o Wéﬁpﬁfﬁ‘?t@ s Prgcesspplotne ipvandpy dersrecavariig fﬂﬁ@ﬂluﬂhat

rut heni um carfrdm rumeamemﬁbﬂgmgt B@:ﬁoﬂr catsr st§rls am@wahéwimlmaahl be
chloride solution. This Ft heni un( | %1 oﬁ ﬁ h a can subs uent |y
be used for rER&WER! dP oBGctaEnot @ @81‘ P4ps U ?f”éf'ﬂa Vic Ef” ¢ ?%“tioi“es %upport
material, fol mo\mdmt(ul)@hhondg sa!ution cén suleqpettigel dded, focadneweatprmmﬁn t he

| mpr egnat ed P r|S|n rut I um
oxide in step(&*a%&‘{“gSt @]%P'S&ﬂg it:é;?rre |g'fedstug§?'% aa[%ﬁ(aj,t f"é‘ fb h%fﬁl'@garﬁ P

el evat ed 0enpanpatpriate, cakimatidryofdhe impregi@ied sup@OIOC, preferably from 100 to
300C, particularly preferably from 140 to 250C, for 15 exanple at about

200C. The reduction can, for exanple, be carried out by passing hydrogen
over the usedheatesugtian ofrihe catalysts carmpsisinauiuiesiim Thide ox Bigata)dn geterally heni um

in step b) i s emtarbbmegﬁwtr%rdgenepe@ea%a @érﬁﬁbram@rueﬁawﬂfenaso% havi ng

a hydrogen chlor| e content fro or exanpl e about
32% by wei ght® 00TePrsigrahly frem 109 te 3PP |ce(5’38\9t"af'h Pfﬂﬁ%'ab‘b’ d9Eh) t9f2589rC, for

oxygen- compr l@daﬁg;l@as ,abbﬂﬁbamﬁb'%e’:llréducﬁ'@’f cﬁ%afﬂﬂ%rﬂde | 15e RAARUDLSE bp Pl ace
the spari nglq\% sol e su t heniumin an autocl ave

t oget her Séﬁﬁi‘gﬂ‘if’.gai" "htbﬂf‘ﬁ% %?'V@q%élrﬂtaﬁ’ﬁﬂg? E}’u'baaf'fs air into this

solution. To limt the solution vol une, gaseous hydr ogen chl ori de can
323;} : gngLLﬁr@eat&’j@%F&] é)? rytggm{ﬁ'? mS'rsge?ook:gt fpref8 ab hgffgﬂ‘?e&1 |1r|1 Ic%ngejrgtra?nd um
hydrochicric acid having 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) chioride 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 optional work-up step ¢). The suitable
methods are described in Beck, Edelmetall-Taschenbuch, 2nd edition, Heidelberg:



generally from60 to 150C, for exanple about 100C. The resulting aqueous

sol ution co J niun(ill) chloride can, if appropriate, conprise
further net g%ﬁ?hﬁ%@%%ﬁﬁof their chlorides. These further 30 metals can
originate fromthe reactor material and Eave got into the catalyst as a
result of abrasion (for exanple nickel from ni ckel -conprising steels) or
have been conprised in the rutheni umconprising catalyst as further active
metal s i n addiléthign 1992 and héhnnaskerfikighlert HehamisdhenTenkmoogie, dtmgeditenal yst
can conpri se,ydiffe X3R5 S40 td Y73 her noble nmetal s sel ected from anong

pal | adium platinum osmum iridium 35 copper, silver, gold and rhenium
These further netals can be partly or conpletely separat ed off by customary
net hods i n anTphisliah i Midtraed 5 8B fSllowing katipid. abl e  methods are descri bed
i n Beck, Edel metall-Taschenbuch, 2nd edition, Heidel berg: PF 0000057482/ Kes
-5- Hut hi 1995, and W nnacker - Kuchl er, Cheni sche Technol ogie, 4th edition,
vol ume 4, pagesind to 572. The invention is illustrated by the foll ow ng
exanple. 5 Exanple 300 g of a used catal yst conprising 2% by wei ght of
Ru02 on a-al um num oxi de as support was reduced in a stream of hydrogen at
200C i n a rot3dlyg vlbeisédcatalyst ¢OMprising32%day weighieofeRu@hen cadiathipatn evdde firstly
heated to 200 t r eam of
o1 2 (5 1) o DR e TR e g SRR ny@ReaR200 i hHHAF Rk Bl TS0 0
cat al yst Was faf 8 peursetiemnihe caalmttwaﬁgferatly mat@tm%&(bcumacstr@ave@sﬁrogamto whi ch
ni trogen was I g ed
under a n|troﬁﬁﬁggwéﬁ%g%‘éwﬁ%sg@é’ﬁoy%ng?ﬂ?%*bﬁﬁ%mgd%aérogtgé@d&ﬁg r¥1160 g
of 32% st r engiie b2 @i Slﬁ‘PuﬁydTr’f@cFﬁd(b‘P?@: Iyt \Wase disiaBee uwkerl @ 8ipgen ng and

i ntroduci ng nitkioeiRdte iftbe tessbHing Whkh hﬁ(ﬁig%ﬂ vbés é@&@a The recmcé@ téé%lyéas
subsequently stirred a ution wt of air

for 24 hours.Wg§ ﬁ‘éﬁsﬁqﬂ‘%fﬁ'yrt[ﬁ”ﬁgaegd%"eg %?‘ @geggfrmqp(glﬁrwg) %l?pgﬁ) HE&“%’\% this
was decantsed aﬁﬁarémsoﬁha hean @Safdi2es, sfFérﬁ?gtlS%pn@&’ghtmﬂmhfoﬁﬁfacmeﬁe@sad@ﬁl due was

ggb\é\gznggt met‘g'}"l Frnng andO int V\@ucmg nﬂrtolglen t%létr%g(kure -I\-At']aes eﬂgg 1%§C The
m|xture 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 11 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



at 120C for 16 hours and the rutheniumcontent of the support was

det er m ned. 1 pation indicated a rutheniumcontent of 0.20% by
weight. In ﬁg%@h%gg’?‘.&’gﬁ% used catal yst conprised 1.49% by wei ght of

rut henium Thus, about 13% of the ori gi_g@l |y conprised ruthenium remai ned
on the support. 25 PF 0000057482/ Kes -6- "Patent clains 1. A process for
recovering rutheniumfroma used rutheni umconprising catalyst which
conpri ses rutRaent@aims rut heni um oxi de on a support material which is
sparingly soluble in mneral acid, which conprises the steps: a) the

catal yst conprising rutheniumoxide is treated in a streamof hydrogen,

wi th rut heni um oxiAPrPRess SR rerPvems SuipRivm Hhemng used Uekeniurycorspriging ¢
rutheni um b) the daefipteghis@tcahysised TORBSLEP ad)rutRARIM Skide a®taklpSort
rutheniumon the su ﬁort material is tr%at,ed W th hydrochloric acid in the
presence of an o@@é 2loWiph s SRRTING s SOIRIe D {HiRerRefSf WRICh RORBSES S esent
on the support bejtéyg: di ssol ved as rutheniun(ll1) chloride and being
obtained as rutheniunm(lll) chloride solution; c) if appropriate, the
rutheniun(ll1) chloride solution fromstep b) is worked up further. 2. The
process accor di ng d)o thé adataljst otngrising tutleerdparoxity is trebtebll ia = wieant of

mat eri al conprises a- ], .nu I NG T r o im1 or
2, wherein the rut hen@ghﬁ}ﬂgﬁh@rﬂ?@ltﬁ%lurﬁaotx;a%&sr%eﬁg%ﬁ?%eﬁ%@o}gﬂ@e‘ﬂ?i%rd @é‘%’ati on of
t he sparingly sol ubl dosngipltie tuthgnidm; rut heni um(111) chloride solution, drying
and cal cination. 4. The process according to claim3, wherein the
ruthenium(l11) chloride solution obtained in step b) or c) is used for
produci ng fresh cabaltygredused satalyst isere steprcormprisigg Metalligrulifendyiraprdhel to 4,
wherein the rutheni ungypeeAidtSiaNe ke With hjdrodttiGHt Adl intRe Prdsdatd Bnapf

hydr ogen chl ori de. . ) ) )
oxygen-comprising gas, with the metallic ruthenium present on the

support being dissolved as ruthenium(Il!} chloride and being obtained
as ruthenium(lll} chloride solution;

c) if appropriate, the ruthenium(iil) 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(ili) chloride

solution obtained in step b) or c) is used for producing fresh cataiyst.

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



