; Z[ e3eTQLh 6VT6: as originally filed BO1/1021PC Preparation of coated
catal ysts The present invention relates to a process for at ed
. catalysts which 5 conprise at |east one catalytically acdmwmmmmwmmmmm
i norganic or carbon support. Coated catalysts nmay be obtai ned, Ry, Narlous
processes. For exanple, inorganic supports may be inpregnated mnth a netal
. salt solution of the catalytically active netal which nayﬂmmmmﬂwmﬂmﬂm“by a

drying and reduction step. In the case of coated 10 cat al

conprise rutheniumaon silicon dioxide in particular, it is difdehalt to
obt ai n narroﬁ£§8§$E§§LHE5files by the classical inpregnating process.
However, a pronounced coating profile offers advaptiagesp@ th regard to
i nternal nass transfer when using the catalyst and thus allows the
preparation i : _
catalysts. 15 In the case of catalysts prepared by cl assical inpregnation
processes, especially Ru catalysts, .the e catalyst in a second
appl i cation experi nent genera?%?m“Pnon fco fcmahsprked fall in the .
activity of _the catalyst. However, the actrvrtv stabilizes after the second
experinment. This behavior can be attributed to the initial 20 detachment of
Ru colloids in the case of freshly prepared catalyst. The
hydr ogenat i oRbecresgat frivghtior selptas frermpraesss fovprepetingiconted metahysterhish t o be
treated duri pgnbAe diidast ottSGidtidall§ a&?&tearhé!tﬁf or@&fimt)%lced}%éfb%ﬁ s@fp@pparently
hi gher activity. However, it 1s desirable tor practical applications to
obtain a very substantlally constant catalyst activity over the lifetine of

t he cat al yst Codfed atatyslOfhaz beBdutailes O ReRDua pBéRERS. SFEBIOéxMtﬂ@ alhbi@nico at ed
catal ysts havr I’Il)ﬁ a def.i ned coat thigckness, on rous tﬁr am& u1 orts.
SuppRS £ gfe

this process; S st P gyt & IB?télp%ﬁlt \’I&(tnho e ?%Vﬁ‘ can be
vaporized w nietalrtwlmécmapbs if¢licoveddyy 4 teyirgheni redbctivaptap. dethesiatd officogEdD)

th.s t .
B lbsequet ¢ ROARSF HSH soltbrlob el 1SR o800l BTSSR o
particul ar aPbigin/ mayesivo pestingdirefiles pal tha@laaménmpregnatmg process. However, a
trimethyl phoﬁ%ﬁpﬁ%ﬁ%'&'&%ﬁ %%Hje offls taﬁ@an?efg@? %“iﬁl re%z;lﬁ t6 %Efﬂ&gnfagﬁ &m%?s can

be -2 cont he cata equlLrenents.
processes, tW ele;aﬁrﬁsttlmceﬁlwtr@dctéltlarayw&éhq veﬁe@tl%owrwalbswgpwwfed and

deposi ted onaﬁmogcgeldausyﬁp@medfdamﬁgwe vapor phase. In this case,
oper at i fsls effected using a carrier gas at reduced pressures of down to

10-4 tor The tenperature of the furnace is 5 generally in the range from
20 to 600C, Iahthkeadehd chrbptratpared bf clhbsical @rpregodtionipodcassdshespeaalipeRfir om 20

to 100C. Thecartﬁgétg%é’fkug’é ot‘ﬂ@ c%t%é@t 1¥5atse9<§n%céabé>ﬁ8£uog1°exg9&n8§t h¥Sty JRY be

achi eved by u g carrier ¢ para e reduci ng
agents. The lpa@fcte@uﬁ@rke fatlhe th}ve;tmfcr@&lze ¢aéa1wrﬁowe‘e@trefhe agfil\ﬁtYétztbhlezes

vapor i igd ][remér HeCEaHORaT exliR ﬁrﬁeg’a bfhﬁoﬁétﬁyt hfoqi O Bel %&ﬁécﬁltbfsﬂlesﬁﬂﬁ)ﬂl Irt by
means 0 carrier addi tion € process i s nof univer y
appl i cam% t%?@t’%ﬂ égﬂ“r §(9ri§1 dsgimdae n%ﬁsea?flp Efe PReRaggd ﬁ@&ﬁ‘si&
exhibit a sutn;tda‘bgeeauap%ﬂvz:aﬂm@ms beﬁamagént dohtalcs with tbbmeﬁetna@to bhereptreesent
invention to V, pr|n coated 15 ca sts..
all ows the f%@%ﬁlgﬁrg}ﬁ (rf%i %‘é% tg %nnapt%englg %ﬂl &g “ in
an unconpl i daiowdvmtmerdesmblad@n pnaotnqal tapph@apast ycstobtambtaavemedulsﬂﬁamulaﬂy
preferably eé&%t@.gttca@alﬂs%% t EQQ%H&X%HH?&Q%V' or on reuse of the
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catal yst conpared to cataly talned by customary processes. 20 It is
al so ded’rable that the cat al ysts be nore active and/or selective than

fixed bed capBla/Sos Pr epar®deibes ki predtl REEFERSIng coated catalysts having a
defined coat thickness on porous ceramic supports. In this process, the support

material is prepared with precurSors which can be vaporized without
decompoéition by the chemical vapor deposition (CVD) process with subsequent
30  fixing of the metals by simultaneous or subsequent thermal or chemical reduction.
Useful precursors are in particular allyl/cyclopentadienylpalladium and
trimethylphosphjne(methyl)'gold. In the process, the coating thickness can be



We have found that this object is achieved by a process for preparing
coated catal ysts which conprise at | east one catalvtically active netal on
~an inorganic or 25 carbon support by m xing at | east one solid, preferably
vapori zabl e, precursor nmaterial of the at |east one catalytically active
metal with the inorganic support and heafi-ng the m xture obtained in this
. way wth further mxing until there is no nore separate solid precursor

material, pr eé ?é&’ 48 & Eﬁsﬁ%r HeUtRal 10"‘!@%&1&‘&5&&3 PIE €IS Ofro BB &Y 'tﬁé

vaporlzes erence | lven to c out he m xin Ina rotary
kiln or ot hercomqun go ther@t%ynqailyﬁ@uwmﬁ @d’a@pﬂrpdnm degosisiemnhe solirhe

m xing of t hesu?@oﬂt &%} tHe P&%Ha@'e VRRAS sz%bJ)IS‘brMcﬁlcﬂd esfettedratiap aahrrdh ghbie at
| east one catalytically

net al |nor ani ¢ or. carhon support
and the conmo#t Iﬁ’é‘é‘feidnafeéﬂfm?shé rﬁOWPuroemhptqrb ih%ge SrhEFa Ll tﬁ aﬁ’)”%ﬁ t he
precur sor smat @heallyiinties Aake fokd 20 theooSar mhﬂe thmtemnrefamaloﬁrthelfepmfmzes :

| eads to a conbinati on_.of L S

(vol atile) pridctfIBemirst ?Qltgak}r%b(ﬁ llrﬁ r?cﬁué: nrc%cthorca%?r%) Q&EIBS%%(;%B&

mat eri al , - Qitatgatriniayetst amhielvedablyl u$ing hyﬂrogerqaﬂ thesetried gy ambsy tiing seraraie
aseous- sol i d ansi S Sk 0 i I

gr st i ngui shes ]15101 %rag%:lgg ST%C g&hhd%fot%t hgvrﬁn %30%'([8 %Soir? O?lgﬁlwg&%\/%{m? (;dé%ss in

whi ch excl usi vepbyized @a‘@épmwgor hap tpév@cctomweriam@ thet eatadyst |sHPRAEPY rltﬁans t he

I nor gani ¢ or gay Q%%O? L%Eofnt (TEF&@I{ iRl Ms§ lfkenétohl'u%&éﬁﬁp@}%ﬁl?cﬁgﬂeerb Retal

precursor materra e at |east o e catal 5~ti cal e netal are
handl ed in a eewedsh.esinexnAgalhpiohliea®ad! PEeFurIvat e{dﬁéﬁ;ﬂ 6%9& ¥apogizatien
simplified. .pefB@ofi Xing is carried out until such tine as the precursor
mat eri al has been conpletely taken up by the support nmaterial, so that
there is no nore separate solid 10 precursor material. The m xi ng appar at us
ensures a rrarlkegiazsobjedt shibechreent mvtntivndtosmiol diesoprodessrianpidpanmg coatehe

m xture dyring, th at.ing. A r pose
Ty b usdd Adra g it et T, SrtlaBh MO ottt B B deLSupul RS
from room t engatal gt lin exn( @@Cmplicatad mnnmjrinteeldﬁmnatthﬁ eatplysts H@taﬂ%ﬁﬁgéh%lﬂ up to
600C, more pr 1%54%%} BéxHﬂBltthe%Q étf’ da—&%vi?ﬁ)clﬂ HelAAR0SH 2ARE Q)F thE REMIEET

mat eri al of t east one cata 5~t I cal active netal and the |norgan| c
or carbon supjsarRarete calabrBraaiyed W%@Wéﬂﬂ%ﬁf% ‘he ni xi ng apparatus in a
formwhich allows intensive solid-solid cont act. This nmeans that the

ext er nal urface of .t he j.por gani ¢ oF ¢ rbon
20 suppord i St {HFRETITE bﬁ?téiﬂ%ﬁart%}y{}%ga mae taﬁté‘%faé'rdrﬂr&e 31 eq%%la%%o%})e(g
granul es, extdauliptesepsred bekaows palckssed. abl ets or grills. The solid
(vaporizabl e) precursor material is preferably used in powder form The

m Xi ng apparatus may conprise additional internals or, for exanple, spheres
whi ch nmake t hWenlfiavenigupd doa dbiiseoljestds iashistied \pe. a PEOCEA® fornpiegarfis ceated ar bon

support and the)s@l hfichv@ séapieggt o%%ﬁﬂé[xﬁféﬁllﬁéﬂé AbtaP6 aﬂﬁﬁfrgéxﬁ@by used

in an anopunt ch corresponds to the rati mount ., of. th
catal yti éal | )Faéhf’rnr SHPPREL BY |n?9ll"1ntgoat]ﬁég i Sr %fgﬁlr dargtgrag %erzﬂlb]ﬁopfecr]ﬁof he

subsequent Cah@tbuﬁtof ti¥ &fledseogecdt8yialeactivae mstahgflthhbe motdadio(svapat bzdbl e)
precur sor mater in 30 such.an.anpount that 1 f

catal ytical | y° é‘f‘g% ﬁ{%mieﬁén ﬂ]i) %Wgﬁéyd% ﬁ#ﬂ? g ﬁﬁ)%&%ﬁl%er 1?)&3)]?1 5790% by
wei ght, nor e sepahier atlid/ p‘rcccolmcm D2tetial, 2%efeyable| T@hta tepsesdursnat éigtotthe

wei ght of th ce is given to selecting the inorganic
support fro %8%%&&&%@%%%?%@35 Zr02, MgO, m xed oxi des or m xtures

t hereof , 38i C and 5131N4. The inorganic or carbon support may be present,

for exanpl e, ppretdige ﬁ@gl%rpﬂ‘o BRYBIut tHealkelcSin arﬂofhgﬁruhsbla@tﬁemmhgmm haped

bodies. The dor r’(Exsecgqu(glgped W1tLen Enhg f;}lrt]gmglrs" (f‘ Q errsu“?ung o% IEhe at least one solid

vaporizable precursor material of the at least one catalytically active metal with the
inorganic or carbon support and the common Heating of the mixture up to a
35  temperature at which the precursor material interacts with the carrier, in particular
vaporizes, leads to a combination of in particular solid-solid reactions of the

(volatile) precursor materials with the inorganic or carbon support material,



-4 inorganic or carbon support particles is preferably in the range from
0.5.to I5 mm nore preferably from3 to 9 mm The surface area of the
_support may be freely sel ected depending on the practical considerations
for the particular application case. The surface area of the support is
preferably from10 to 2000 m "/g. The 5 sBrface of the inorganic support,
. determ ned by the BET nmet hod, is preferably tom 10 to 500 nRig; nore
preferably from ﬁ}? r@c!rﬁ%l h%—lpﬁ 383{1 Xséohggc‘mc??argﬁlofnﬁ egley
|ca |on

sel ected depenalfn ore volune is
preferably fr (snhcﬂ}sQlld ooraotriry Igﬁﬂlﬁtﬂmedlﬁimleﬂhabm? PFYISHA @cgrdmg tg the yveRgion
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i nvention, he sol id, preferab por i r rsor
materi al of t édigipn) %tnoég?@lfcéf aﬂaghmca}puﬁyﬂa@ﬁﬁev éllle ééh%t(i’@’égz‘%ﬁ met al
in the oxidati Q&u%o@tn%at&aalldirthelaﬁ 1éa§-§ene aat&@ﬂseguwiver@aucmmn@ﬁedtlha
pr ecur sor materl al. can be dis ensetgl V\% nce tg g’é’ﬁ sor materi al
deconposes on Pepeble AYREEHRPRAEHS1 %P Bak Bﬁmocﬁ PeF anit §8 its the
catalytically active netal directly in metallic form For exanple, metal
carbonyls may. be used as the_.vaporizabl recursor as, as
t hey interact F@ﬁf@?’@%ﬁ? il o ?1‘9[ f %Eo PeSP 2 t%lg rngaltJrrat |Iﬁgt%n?lnﬁ%sr g%?‘ to
facilitate takvempldéfpm%xamblyehe smppommanmqujthde@amas bomyre sepazete stlideni um

source whijgh i S@[f‘%lrjﬁfg‘];lmcalt&% lﬁ-{ V3 x%aé é;gaa S&%Pfeg:ar}ﬁar&&? sd1t J?)%'ﬁ'ddfﬂab@aﬂdhe

redox stat e case of such
(vapori zabl e) sphéﬁ@h(k@lanm{’renm ath@ mléiwé@ldillﬂinérfh@ \hyaige ABHGEKRG PEHEE whi ch

may either be jpsgge %r i f) ot Ii:se@racﬁ@l’ﬁﬁl%ntosﬁé’w&ltl@ﬁ Perienp ted at
the sane. tine or . after plication of. )@@éﬁporl zabl e recursor.

material . WheReEg Weftf@%ed @ Feer FCFPPFWE‘HS Brf TN terpperqtgre in

someti mes posghdia8gd Of @-hi oeCamere praferadienp pr4focCes t han is the case when
25 using tals in other oxidation states. Preinpregnation of the catalyst

support wi'th a reducing agent may |lead to a further narrowi ng of the .
profile. Exarrmhessohﬂ (sqidrdabflappracmbi mapamd:uf o atnieést rona | catabfticallie aetivel east

one catal ytical I ve.net a e
oxi dation” st at’®® % iﬁhclﬂbe 8‘“%"“%6’9 ‘(’j&?t.')c{ rﬁ) %ﬁiﬁg’%@g? Cleal 15{6 %he Co
and Ni, netal usegeppaftuRin adorma wdich allwmnntayewep a«ahdemt@t wewﬁh Ir,
Cu and Ag. In gy il LS CHRAME 52 e RlatdrfAR HBURNE BiBh. Tllfeemeﬁgahm orgagcr abl y

vapori zabl e, precursor nmaterial_ of the at |east one t| cal F\; a.f:tl ve

metal may 28 omsPRREEt i dhessfore paiferahlst Heedoia (Bt iToRR <3, f Fheﬁ’l S n

this case, thexirﬂm@arpe@leer 9@1ﬂb@dblets Schtppﬁﬂt mhefmlabtmpmmia)smwsor
reduci ng agent fo

r r
cat al yst accornaf’rt ﬁ%pf%%aﬁﬁ\}gﬁ? Hbﬁ’ow & %)r%l #ﬁ‘ nlgn%%’%r (t)dr%erﬁ @g?. cally
active netal |add1pbeile1m8ebﬂ1qls og| for texdmptep rspRetes Alhl,‘lchPtnakﬁghe mxmge@ro ureCy,
lr, Ni, Co anqnon%xﬁtgﬁ?\e t hereof, nore preferably selected fromRu, Pd, Pt,
Ag, Rh and Au, T h par %ular from Ru, Pd and Pt. Exanples of sui t abl e
precursorgSare netal conpounds or corrpl exes which conprise silyl, hal ogen,

acetyl acet onatge Jikﬁﬁiﬁlb Ye E%G@EN&@?@&&%& %oh&l&’x%b@ﬁ%ﬂé)@ir&ﬂ@sor matenal are
trifluoroacetyl onatg I ﬁﬂt% of
suitabl e Pd pPEEERRBRTSer iR ARy OPHE }CQI c)oﬁresﬁ-"’d‘?ﬁ%i-l—% éag 0 yfl) 2,

Pd( hfac} Z, 10 cBLdIylm‘E:al@ a8 IdohateRal( GAtte 1ma§ﬂg‘hmc)or aarboRdOppat fiy ﬂ)e subsequent

articul ar

Eexaf | uor oacet ﬁ(ag'éeﬁé#geé&c%pgvaggoc gﬁfeta @Fp J{'{z?ﬁle)'grecursor material in
trifluoroaget yhelcat anats thmhe:pmpmdn) OftE?(&ﬁﬁp]IYégalbf actiyp teasldn Ahe Prighsd sor s
i ncl ude MeZAu Qtfaﬁé facipos]; £F3 Me3
(CF3) ; Au( Pl\/le?»)Q : E bfgs/eb% o ,@/ }% %( %@g@?ﬂ I\/E}Xu%gﬁl\ig%g)z tPr e/ﬁlelﬁygnce)

is given to Nesed on the total weight of e catalyst

Preference is given to selecting the inorganic support from SiO,, AlyOs, TiO,,
35  ZrO,, MgO, mixed oxides or mixtures thereof, SiC and Si3Ny4. The inorganic or
carbon support may be present, for example, in the form of spheres, tablets, rings,
stars or other shaped bodies. The diameter or the length and thickness of the



Exanpl es of suitable Ru precursor materials include Ru(acac3) and
Ru3(CO) 12. 20 Further suitable precursor-materials are also known from CvD
_applications. The reducing agents with which the inorganic or carbon
supports may, for exanple, be inpregnated may be a solution of an organic
or inorganic reducing agent. For exanple4-the reduci ng agent may be

. selected fromamoni um formate 25 and sodi um bor ohydride. Particul ar
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el evat ed 5 t ehpereatmb@iiment thtike inventies] theesodifl, preferphls ciapedzablen EgquUEIOT
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The average part catal'ytica yact|ve met al s If?
pr ef er abl 30 f r daweveroit i00smpessivle @ the 6#s610ABRSh VRRRHZRDERY PYESUIEEr MATCTHISLO

process aCCOded“thntaH the rédﬁ\éﬁl%tdg‘éﬂtsaﬂﬂbﬁ h&@aélﬂh)ér Bé £Be5nttdm6theciﬂ¢ngmgc or
t hi ckness and the concentratl on t he catal yti cal cti v%cgge 0 tt?lebe
abl e

adapted to th%arB%Pr tSPHlﬂrhrorr%?]LﬁpPﬁ%r‘?ﬁsthﬁn o3I Fe S VREN “S Ui
organonetal i g F@@brespfecaﬁoﬁmmmhdfshmme useals atehmsed esthdosidatiowstiod,ng of

the catal 5-ti f;f 358 (%/Iﬂ %‘%ﬁvﬁ%@ g aéh?e\;ehe%etx f}l%g@,@} gro?'ﬁ'&ptﬂﬁ id %ep&§§ lleg- 30

35 Preferred S&s*arein Vim . nore
pref er abl 35 f r osindmerlGin@dher qxnda@orrp‘@t@édf’lteﬁnpr@gﬂlaP%é’t @F%@%Y%QF%H%?@ t he

propor i on Of \ AELLYE o0Bkalay 10ad % Ml usichiAgEoadERGILO the | vention can

be reduced w e catal yst performance. In addition, it is
possi ble to provide nore active and - selective catal ysts for hi ghl y
di ffering reagkdfif8s of solid vaporizable precursor materials of the at least one catalytically

active metal in which the metal is present in the oxidation state 0 include, in
30  addition to Rus(CO)y,, carbonyls of Re, Co and Ni, metallocenes of Ru, Co and Ni,
and cyclopentadienyls of Co, Rh, Ir, Cu and Ag.

In a further embodiment of ‘the invention, the solid, preferably vaporizable,
precursor material of the at least one catalytically active metal may comprise the

35  metal in the oxidation state +1 or higher. In this case, the inorganic or carbon
| support preferably comprises a reducing agent for the metal and is used in this

form for preparing the catalyst according to the invention.



The present invention also relates to a coated catal yst which is obtainable
by the present process. The coated catal ysts according to the invention
_may be used for all suitable applications. Preference is given to using
themin hydrogenations. This is true in particular for catal ysts which
conprise ruthenium palladiumor platinum.as the 5 catalytically active

- metals. The catalysts according to the invention exhibit a distinctly |ess
mar ked deactivation behavior than catal ysts prepared by conventi onal
processes. \Wen the catal ysts are used, no colloid of the catalytically
active metal fme i18as Wnbta@nyticallst Actolesetdbd. preferabdy sdlected froonPd,hbs, Bthat no

colloids are released_from .freshly. prepar t I fon is
i |l ustrated wgi%%@(%ﬁ&ﬂﬂﬁ%é?on%g%\ﬁﬁ“i%e%g%%%rgéy%%%ﬁgﬁ%% Rul Si 02
cat al yst Si 02Rextd, Bt g RH didavetie paBcuet fromerRes, Pdiapd &1y saturated with an

amoni um 20 formate sol ution (5% of ammoni um formate, based on the support)

and then dried. The material obtained together with 1 % of Ru(acac)3, based
on the metal , Exarmsles ndt alitablt peecarsewsl iatk imetalacorapenngs kel womplexpe atideh t o

110C for 4 hoyys, andgfhe 300G Wickidhite 10 aMLAroabdy BB, NeB] dentahi S
tenperature f%)rﬁpﬁ%ost}[;@. Hﬂ%&tnﬁi S Penper at ur e,a the Ruyé aca%ﬁ? %adﬁlgéli ze%_,
migrates ont odiehe wipirdattElecelprpte.sal ﬁd@&édorggooﬁs HPAPH f of AR & “Thi s
{ﬁ@di to the gﬂ%ﬂﬁ?d;grg%rs&sWgcgﬁdé‘?%(faﬁyﬂ)g@@(@ﬂg)d@ﬁ@md(eﬁsﬂ}ébfhfﬁlf%@a t

i ckness was_abou ~.m 0 el npr.egnati.an, qf. suppor
Wt Aol anFaBRRUCa o RA s atoer ki CREL]] S EREHAr BBl o on  he
cat al yst surf agg/l@rtboh] Kaca- hesaluptemnetyhucednate,0€p I=e cyclomentadivayhitfeg Porti on
of ,the rut henén.éﬁn is .deposited as a tF‘ilt;le bl ack powder between the
extrudat es or THUSEREFYEEPTIEM YHie RFTH/with the gas streamas the
acetyl acetonate. 35 The catalyst obtained according to the invention
conprised 1 ()/%)?Jmp s OBr SifapnRs Agep%égﬂgfst ‘include MeyAu(hfac), Me,Au(tfac),

15  MeyAu(acac), MesAu(PMe;s), CFsAu(PMes), (CF3)sAu(PMes), MeAuP(OMe),Bu,
MeAuP(OMe),Me and MeAu(PMes). Preference is given to MesPAuMe.

Examples of suitable Ru precursor materials include Ru(acacs) and Ru3(CO)12.
20  Further suitable precursor materials are also known from CVD applications.

The reducing agents with which the inorganic or carbon supports may, for
example, be impregnated may be a solution of an organic or inorganic reducing
agent. For example, the reducing agent may be selected from ammonium formate
25 and sodium borohydride. Particular preference is given to using ammonium
formate as the reducing agent, in which case the support is saturated with an
ammonium formate solution before preparing the coated catalyst. It is also possible
to carry out other thermal or chemical reduction processes which can be used for

fixing the metals.

30
The amount of reducing agent, in particular ammonium formate, is selected in
accordanée with the practical'requirements. The amount is preferably selected in
such a way that a-complete reduction of the cafalytically active metal is possible
under the preparation conditions.

35

It is also possible according to the invention to load the coated catalyst prepared by

impregnation or other processes with further active components, promoters or



_g For conparative purposes, a catalyst was prepared by inpregnation of the
Si 02 support with a rutheniumsalt solution and subsequent reduction. 5 The
- catalyst dccording to the invention and the conparative catalyst were used
for hydrogenating dextrose to sorbitol. The depletion was determ ned once
on a freshly prepared catalyst and then_grj a reused catalyst. The results
zi(rye ]cs%un’;rgrbge((j in the foll ;)vm' ng table. 10 Table 1 Catal yst Depletion: fresh
00 i i npregnation) conversion = 93-96% 1 % of, F i i i
conversi on = BEYRRENRITENaEDTSIEeRcEdhH FRICR D APRYEE Yl %ﬁ?léfﬁ%g} ar%fz)‘t‘j'%l n\{agnglcgn)

\r/gtggldt go;vg'rtgiq%ﬂ i&&%&@eégwﬁ{wth@{prﬁ@ks addordtBg b tied inveioh: Th7 Yh@epbét i on:
] = 8~-88% S ur. space velocity = 0.

dextrose/ (g ofitalle orgyiFrgHR So‘?afj e @%gﬁl%snﬁﬁﬁ}%% o iie. é%%mll%(eiqg% atﬁé st

ﬁgggr di ng to éoﬁfé{ihoﬁbé@}%t,if@ﬂ?ﬁﬁfmé, iby @fplyirpdedicednttspuier par adtioh of elegatbhg
Basurenents in e rang romz2.to 0.nm gge]l . Q. % d

hi gh-t enper at FPBEERI G Weﬁ‘a%&% 6%51dﬂ?e0fégiﬂ%§sjog ﬁ%ﬁg@trg{/n\gglg pr g%%rggetglfygtép o

fol | ows: The Fippmvente@sntamirtatiah by therrpatednatelbdt.-wi t h 5% of anmmoni um f or mat e

as in 20 Exanple 1 and dried. 0.025%of Pd in the formof Pd(acac)2 were

then mxed with the support and heated to 300C at 10C/ mn. in the rotary
kiln and rmai rifls pedesst paa0Eefopuch #oamounthicf BarAT)RE HHTASSEBRRHIE he” CZ

hydr ogenat i ﬁgproﬁﬁe DalaLE ttflnYé.ét ote. Ofa11bRe iR ALEAB0o R ané afadibiisd S Pthe pavacdg by

cl assical inpregnation procésses was substantiall xceeded (30Q0% conpar ed
to from 10 t othic ﬂSOth@hléaItﬁh?f?é?rﬁthe\P@aEtﬁa & %Biac@gmuge@eﬂéﬂ}?%&pﬁug% 02
to CVD processes, the use of a carrier gas and the complicated handling of the

precursors in this process can be dispensed with.

The process according to the invention makes it possible to obtain coated catalysts
15 having a substantially narrower coating profile than was hitherto possible. In

addition, the metal dispersion and uniformity of the coating are improved. It is

possible to prepare substantially monomodal and narrow-band particle size

distributions having very small particles. The average particle diameter of the

catalytically active metals is preferably from 1 to 100 nm, more preferably from 2
20  to 10 nm.

The process according to the invention additionally allows the coating thickness
and the concentration of the catalytically active metal to be adapted to the
particular requirements and controlled. When suitable organometallic precursor
25  compounds are used, the residue-free fixing of the catalytically active metals to the

inorganic support is possible.

Preferred coating thicknesses are in the range from 1 to 750 pm, more preferably
from 5 to 300 pm.

30 _
Compared to fully saturated catalysts, the proportion of active metal in the
catalysts according to the invention can be reduced without impairing the catalyst
performanée. In addition, it is possible to provide more active and selective
catalysts for highly differing reactions.

35

The presenf invention also relates to a coated catalyst which is obtainable by the

present process.



-9 The catal yst was prepared from Si 02 and trirutheni um dodecacar '

fol Low s: _1%of Ru as Ru3(Co)1~ was initially charged with 3 n’maSibcC))gyI 2

. extrudates in a rotary kiln and heated to 300C in one hour and maintai ned
at this tenperature for 5 2 hours. The Si 02 support was not preinpregnated
with a reducing agent. TEM m crographs of -the catal yst show an Ru particle
- size of fromabout 2 to ~ nm 10 The activity in the dextrose hydrogenation
was tested in a depletion experinment. In this experinment, a distinct
increase in the activity in conparison to conventionally inpregnated

catal ysts coufid beaeliealyed, a@bidioygh theiénRutionrnentevatsd| fow. 2lTREAOES Ul t s

are summrlzed th | Tabl
fresh Catal ystP ?ﬁ?PPgr %6 eg]"(‘;‘%g f%{l 16 uglﬁg%gcrgq}?fh %g%%g?%%g Sghlg?go%g% hpﬂ)

Depl etion: r qmstﬁﬁle@aﬁoalcymysfsaumbly csp@@@e W@th@f@ilmy p&lloiﬂengbrd? atipast 25489 (g of

cat. h) 1 %of aﬁ Q JpLggnati on) conversion = 92-95% =
N = o manni tol =
0. 4- 0. 7% Convél 3’{6 L é&)\(% mannitol = 0.4-0.6% 0. 64% of Ru/Si 02 (invention)

conversion = 99.4% nannitol = 1.2% conversion = 99.6% nannitol = 1.2% I n

this case al SPhe Uaf js[kCtalc&/or!iQSS tTBh K ethveaast io¢afbion fd@mavtlly)rlessouh:dkﬁb

.detected on reuse. no colloid was
: deactivation behavior than catalysts prepgrea%yvc%gvcl:n%ongl r%gesgets' Qrendfle

catalysts are used, no colloid of the catalytically active metal in the solution is
10 observed. It is clear from this that no colloids are released from the freshly

prepared catalyst.
The invention is illustrated by the examples hereinbelow.

15 Examples
Example 1 1% Ru/Si0; catalyst

Si0, extrudates [diameter 3 mm] were initially saturated with an ammonium
20  formate solution (5% of ammonium formate, based on the support) and then dried.
The material obtained together with 1% of Ru(acac)s, based on the metal, was
installed as a solid in a rotary kiln and heated to 110°C for 4 hours and then to
300°C within 100 min and maintained at this temperature for 4 hours. At this
temperature, the Ru(acac)s vaporizes, migrates onto the extrudates and is reduced

25 by ammonium formate. This leads to the formation of a very narrow coating

profile.
The coating thickness was about 300 pm.

30  Without the preimpregnation of the support with ammonium formate, only some of
the acetylacetonate decomposes on the catalyst surface and forms a less
pronounced profile. The remaining portion of the ruthenium is deposﬂ:ed as a fine
black powder between the extrudates or discharged from the kiln with the gas
stream as the acetylacetonate.

35
The catalyst obtained according to the invention comprised 1% of Ru on SiO; as

the support.



-10 "e claim 1. A process for preparing coated catal ysts which conprise at
| east one catalytically active netal on an inorganic or carbon support by
.mxing at 5 | east one solid precursor nmaterial of the at |east one
catalytically activ a netal with the inorganic support and heating the

m xture obtained in this way with further8sixing until there is no nore

- separate solid precursor material. 10 2. A process as clainmed in claiml,
wherein the mxing is carried out in a rotary kil n or other noving kilns or
kilns equipped with mxing internals. 3. process as clainmed jn claim1l or
2, wherein th&% AIPBHATLE awpeaeerérPaéaw&wats HT§P%§%‘£HY iTHPTSgBRH WY P Ehe faped
bodi es, gr anubk@sportexit sl elab&sumpel keltiSon 44l SPadduent@®lctibs. or prills. 4. A
process as clainmed in any of clainms 1 to 3, wherein the inorganic support
is selected fiom Si Oz, A1203, Ti02, ZrO-, MgO m xed oxi des or m xtures

t hereof, $ C @he cﬁhl&htélaccaﬂif{g toAhalizﬁ@ﬁﬁ@n asd tleabniparatine aitylygtfwabaﬂsdstsfoi to 4,

wherein the splid precurso eri f | east 5~tically
active netal ﬁ%%gel%ggggt%é{r%ﬁ i\? 5P “toﬁ T%%d&gli 18?: e ﬁ%n[elﬁnm%cg ogee ,&)nplaocess
as cl ai ned i nfrasiyy pfepatedicatlybt tund zh,enwharreusn:dtch‘eIﬁOIThd repugs aresommaizedi al  of
t he at | east r}ﬁe(&%fo%}{%&a% ly active metal conprises the nmetal in the

oxi dation stat er and the inorganic support conprises a

reduci ng agent for the nmetal. 30 7. A process as clained in claim®é,
wherein tie regiieing agent used is anmonium fornmate. 8. A process as
claimed in any of clains 1 to 7, wherein a vaporlzable solid precursor
material is ué@ﬂlyﬁnd the mixture i s heat!&dotB %0 enper at 4B/ whi ch
the precursor material vaporizes. - 11 (BuprémpiRgess as ghanti®d i n any of

claims 1 to 8 er e the catalytically active is selected _from Pd,
Au, Pt, Ag, %eﬁhﬁé’}l-fl r, 1ii, CB%V&fSPﬁnxt%:%eég) t hePERFsio8 296/

coat ed cat al y@italosbthaﬁmbﬁaee bcyloc&typ#’ 06egs as clainmed in any of clainms 1 to 9.

11. The use of talyst as clai in im210._in o
hydr ogenat i ons dtei()osc %A(g%if . AS9. Ay. K@ﬁ%ﬁA Ot 82? mannitol = 0.8%

I A*R*- GKJs! | | B¢nigtishoeded a] ca] ca] ca] ca] capw]sm]ﬂ:%ﬂ-&ﬁé‘j ca] ealverabe ]9 ca) ca) c

N Ra! &
%;;ﬂlfal ca] cagga 1%18%@317@&@419%&&&)@8@] ca] c”a] cRal

- <</ =<=[ =} xs mifdiexappe/ty Lspic ) ca] ca] ca] caJEaMAT Ot aleca) cBpebPrtal €4 ca] cal ca
] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! [ =??@\eAuAyABCC( C9Ci CCCCD\ Dv DDDE

EﬁFEZi cal ca) CHI AT AT ARy B8 o €A OB A O RED PO 139 RRBKRRRYE L o1 M

having measurements in the range from 2 to 100 nm.
OOOPQRRRRWSY SSTT} xsni d| wgl gb] X] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc

a)J ca] ca] ca ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca]ca
| Af DI s! 1d@%—1|—1&153€9m}8€y7 Q@%& d| o) kygiagee ] Hiper@re-calcined AL;Os
The Pd/Al,O3 catalyst was prepared as follows:

The support was initially impregnated with 5% of ammonium formate as in

20  Example 1 and dried. 0.025% of Pd in the form of Pd(acac), were then mixed with
the support and heated to 300°C at 10°C/min. in the rotary kiln and maintained at
300°C for 1 hour.

This catalyst was tested in the C, hydrogenation. The selectivity of the Pd/AL,O4
25  catalysts prepared by classical impregnation processes was substantially exceeded

(30% compared to from 10 to 15% for the comparative catalyst).

Example 3 1% of Ru/Si0;
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The S10, support was not preiinpregnated with a reducing agent.

TEM micrographs of the catalyst show an Ru particle size of from about 2 to 5 nm.
10 The activity in the dextrose hydrogenation was tested in a depletion experiment. In
this experiment, a distinct increase in the activity in comparison to conventionally
impregnated catalysts could be detected, although the Ru content was low. The

results are summarized in the following Table 2:

15 Table2

Catalyst 1% of Ru/Si0, 0.64% of Ru/Si0,
(impregnation) (invention)

Depletion: fresh — conversion = 92-95% conversion = 99.4%
Catalyst hourly space velocity = 0.74 g
of dextrose/(g of cat. h) mannitol = 0.4-0.7% mannitol = 1.2%
Depletion: reused conversion = 90% conversion = 99.6%
Catalyst hourly space velocity = 0.6 g of
dextrose/(g of cat. h) mannitol = 0.4-0.6% mannitol = 1.2%

In this case also, distinctly less marked deactivation behavior could be detected on

reuse. Also, no colloid was observed in the solution.

20
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10 2. A process as claimed in claim 1, wherein the mixing is carried out in a

rotary kiln or other moving kilns or kilns equipped with mixing internals.

3. ‘A process as claimed in claim 1 or 2, wherein the inorganic or carbon
support is used in the form of shaped bodies, granules, extrudates, pellets,

15 spall, tablets or prills.
4. A process as claimed in any of claims 1 to 3, wherein the inorganic support

is selected from SiO,, Al,Os, TiO,, ZrO,, MgO, mixed oxides or mixtures
thereof, SiC and Si3Ny.
20
5. A process as claimed in any of claims 1 to 4, wherein the solid precursor

material of the at least one catalytically active metal comprises the metal in

the oxidation state 0.

.25 6. A process as claimed in any of claims 1 to 4, wherein the solid precursor
material of the at least one catalytically active metal comprises the metal in
the oxidation state + 1 or higher and the inorganic support comprises a

reducing agent for the metal.

30 7. A process as claimed in claim 6, wherein the reducing agent used is

ammonium formate.

g. A process as claimed in any of claims 1 to 7, wherein a vaporizable solid
precursor material is used and the mixture is heated to a temperature at

35 which the precursor material vaporizes.
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