1 as originally filed BO1/1021PC Preparation of coated catal ysts The
present invention relates to a process for preparing coated catal ysts which
5 conprise at |east one catalytically active netal on an inorganic or
carbon support. Coated catal ysts nmay be jobtained by various processes. For
‘exanpl e, inorganic supports may be inpregnated with a metal salt solution
of the catalytically active netal which nmay be followed by a drying and
reduction step. In the case of coated 10 catal ysts which conprise ruthenium
on silicon dasosigiaallnfidrticular, it is difficult to obtain narrow coating
profiles by the classical inpregnating process. Eﬁmﬁéﬁ%% a pronounced
coating profile offers advantages with regard to ¢ mass transfer
when using the catalyst and thus allows the preparation of generally nore
active and nore selective fixed bed catalysts. 15 In the case of catal ysts
prepared by classical inpregnation processes, especially Ru catalysts, the
reuse of the catalyst in a sewepdrappl éfocapiedcagalpsasi nent general ly al so

| eads to a nmarked fall in the activity of the catal yst. However, the
activity stabititzes—after—the—second—expertrent—This—behavior—ean—-be
attributed to the initial 20 detachment of Ru colloids in the case of
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when using the catalyst and thus allows the preparation of generally more active
and more selective fixed bed catalysts.

15
In the case of catalysts prepared by classical impregnation processes, especially Ru
catalysts, the reuse of the catalyst in a second application experiment generally also
leads to a marked fall in the activity of the catalyst. However, the activity stabilizes
after the second experiment. This behavior can be attributed to the initial

20  detachment of Ru colloids in the case of freshly prepared catalyst. The
hydrogenation-active fluid is in permanent contact with the material to be treated
during the first use of the catalyst and thus ensures an apparently higher activity.
However, it is desirable for practical applications to obtain a very substantially
constant catalyst activity over the lifetime of the catalyst.

25
DE-A 198 27 844 describes a process for preparing 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
decomposition 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
trimethylphosphine(methyl)gold. In the process, the coating thickness can be



2 controlled and adapted to the catalytic requirenents. In CVD processes,
the conpound of the catalytically active netal is vaporized and deposited
on the solid support fromthe vapor phase. In this case, operation is
effected using a carrier gas at reduced pressures of down to 10-4 torr.
‘The tenperature of the furnace is 5 genérally in the range from 20 to 600C,
while the tenperature of the reservoir is in the range from 20 to 100C
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20 It 1is also desirable that the catalysts be more active and/or selective than fixed bed
catal ysts prepared by known processes.

We have found that this object is achieved by a process for preparing coated
catalysts which comprise at least one catalytically active metal on an inorganic or

25  carbon support by mixing at least one solid, preferably vaporizable, precursor
material of the at least one catalytically active metal with the inorganic support and
heating the mixture obtained in this way with further mixing until there is no more
separate solid precursor material, preferably to a temperature at which the
precursor material vaporizes.

30 ,
Preference is given to carrying out the mixing in a rotary kiln or other moving kilns
or kilns equipped with mixing internals. The mixing of the 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 materal,



35 tenperature at which the precursor material interacts wth the carrier
in particular vaporizes, |leads to a conbination of in particular
solid-solid reactions of the (volatile) precursor materials with the
Jnorganic or carbon support naterial, -3jconbined with additional
l'iquid-solid transitions and gaseous-solid transitions. The solid-solid
contact in particular _distinguishes the process accordln to the |nvent|on
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20 support is therefore preferably used in the form of shaped bodies, granules,
extrudates, pellets, spall, tablets or prills. The solid (vaporizable) precursor
material is preferably used in powder form. The mixing apparatus may comprise
additional internals or, for example, spheres which make the mixing procedure
more intensive.
25
The inorganic or carbon support and the solid (vaporizable) precursor material are
preferably used in an amount which corresponds to the ratio of the amount of the
catalytically active material to the inorganic or carbon support in the subsequent
catalyst. Preference is given to using the solid (vaporizable) precursor material in
30  such an amount that the proportion of the catalytically active metal in the finished
catalyst is from 0.01 to 10% by weight, more preferably from 0.02 to 2% by
weight, based on the total weight of the catalyst.

Preference is given to selecting the inorganic support from SiO, AlLO,, TiO,,
35  ZrO», MgO, mixed oxides or mixtures thereof, SiC and Si;Ns. 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



30 such an anount that the proportion of the catalytically active netal in
the finished catalyst is fromO0.01 to 10% by weight, nore preferably from
0.02 to 2% by weight, based on the total weight of the catalyst.
Preference is given to selecting the ingrganic support from Si 02, A1203,
Ti®, 35 zZrx@2, MgO, nixed oxides or mxtures thereof, SiC and Si3N4. The
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when 20  However, it is also possible in the case of such (vaporizable) precursor materials to

additionally use reducing agents which may either be present on the inorganic or

carbon support or be applied at the same time or after application of the

(vaporizable) precursor material. When the metals are used in the oxidation state 0,

it is sometimes possible to achieve even narrower profiles than is the case when

25  using metals in other oxidation states. Preimpregnation of the catalyst support with

a reducing agent may lead to a further narrowing of the profile.

Examples 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);2, 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 mvention. |



25 using netals in other oxidation states. Preinpregnation of the catalyst
support with a reducing agent may lead to a further narrowi ng of the
profile. Exanples of solid vaporizable precursor naterials of the at |east
one catalytically active netal in which the netal is present in the

‘oxi dation state 0 include, in 30 addition to Ru3(CO) 12, carbonyls of Re, Co
and Ni, netallocenes of Ru, Co and Ni, and cycl opentadienyls of Co, Rh,

Ir, Cu and Ag. In a further enbodi nent of the invention, the solid,
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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
accordance with the practical requirements. The amount is preferably selected in
such a way that a complete reduction of the catalytically 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



formate as the reducing agent, in which case the support is saturated with
-an amoni um formate sol ution before preparing the coated catalyst. It is
al so possible to carry out other thermal or chem cal reduction processes
which can be used for fixing the net alg 30 35 The amount of reducing
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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 present invention also relates to a coated catalyst which is obtainable by the

present process.



and the concentration of the catalytically active netal to be adapted to
the particular requirenents and control |l ed. When suitable organonetallic
precursor 25 compounds are used, the residue-free fixing of the
catalytically active nmetals to the inorganic support is possible.
‘Preferred coating thicknesses are in thé range from1l to 750 Itm nore
preferably from5 to 300 m 30 Conpared to fully saturated catal ysts, the
proportion of active netal in the catalysts according to the invention can
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the inventi olhéexa3tabysts aaCEFPrQ‘cnigné‘%/ @el BYEntion |& ‘bltdé'laéﬁ%\r/'g{lf/ ﬁssbéﬂaég?‘gr t han
catal ysts prmaﬂi@ﬁloh)beﬁﬂmahm @awllystplpmfeﬂ&@ cobi\ic\mmohhiq)romml Vates the e used,
no colloid of catal yti cal taI S i

ysgsf é%ﬁuﬁ; Oﬁ?tcﬁilé dtnﬁtI %L ﬁa CE € Pl Yh ! RE abl?m&rg 1

observed. |t% ar & rel'ease

freshly Hpraﬂsm@ddcatmlwsm:ﬁﬁheﬂnmwhntmmmoﬂgdsHﬁ@sﬂﬁamédﬁ@y ﬂheﬁ@&@Mples
her ei nbel ow. es Example | 1% Ru/Si Q2 catal yst Si Q2 extrudates
[diameter 3 I?TI#QV\BI’G nltiaIIy saturated with an ammonium 20 fornate
solution (5% of amoni um formate, based on the support) and then dried. The

mat er i al obtpngdainaal IRkuited by 16 GhrBikagRsIRInpased on the motal, vas

installed as a rotary kiln and heated to 110C for 4 hours and
then to 300Cwithin 100 mn and maintained at this tenperature for 4

hours. Ats t hEgamples
Example 1 1% Ru/Si0; catalyst

SiO, 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 Rufacac)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 um.

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 deposited 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 Si10; as

the support.



tenperature, the Ru(acac)3 vaporizes, mgrates onto the extrudates and is
Teduced 25 by ammonium formate. This |leads to the formation of a very
narrow coating profile. The coating thickness was about 300 m 30 Wt hout
the preinpregnation of the support wth @monium formate, only sone of the
‘acetyl acet onat e deconposes on the catal yst surface and forns a |ess
pronounced profile. The remaining portion of the rutheniumis deposited as
a fine black powder betmeen the extrudates or discharged fromthe kiln

with the gaspysSts heod&etydaag Iﬁ%&é Egeimg?égﬁ!ﬂoﬁ oPeasingd

according to the 1| ent| n co rised 1% of t he support. 8
For conpar at Fwoﬁwlﬁb%%helﬂu@aﬁﬁlélsﬁé‘fm%\é%dﬂbéMH NFUCRpr egnati on of the
Si02 support with a rutheniumsalt solution and subsequent reduction. 5
The cat al st ccordl 0,. the nvent on t he co tlve catal yst were
used for %ijo EHEV(?H ‘{]ﬂﬁe Coﬁ‘}?é‘mg‘gf)f:%?]ly&tnwﬁémﬁ%foér ni ned
once on a fhﬁﬁbgmaﬁnga&rxedse:a&) adoytsitol afitle tdepletion was detsevinedtalcy sin aThe

results are su rized | | n b %gﬂ%y

Depl eti on: ﬁ%?ﬁe@’ﬁf s‘iap% r%T‘é/ seBg’\cﬁAea Ve egcélafafs}qa{gggéﬁs ot dex rose/ (g of
cat. h) Depl ﬂtnher[bllaveugea;bltﬁ:at al yst hourly space velocity = 0.66 g of
dextrose/ (g of cat. h) 1% of Ru/SiQ2 (inpregnation) conversion = 93-96%

mannitol = 0.4-0.7% conversion = 85-88%
10 Tablel
Catalyst 1% of Ru/Si0O; 1% of Ru/Si0O,
(impregnation) (invention)
Depletion: fresh conversion = 93-96% conversion = 95%

Catalyst hourly space velocity = 0.66 g
of dextrose/(g of cat. h) mannitol = 0.4-0.7% mannitol = 0.8%
Depletion: reused conversion = 85-88% conversion = 95%

Catalyst hourly space velocity = 0.66 g
of dextrose/(g of cat. h) mannitol = 0.4-0.6% mannitol = 1.0%

The catalyst according to the invention comprised predominantly Ru particles

having measurements in the range from 2 to 100 nm.
15 Example 2 0.025% of Pd on high-temperature-calcined AL,0;

The Pd/Al,O; 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/ALLO;

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;



mannitol = 0.4-0.6% 1% of Ru/Si Q2 (i nvention) conversion = 95% mannit ol
= 0.8% conversion = 95% mannitol = 1.0% The catal yst according to the
i nvention conprised predom nantly Ru particles having nmeasurenents in the
range from2 to 100 rim 15 Exanple 2 09025% of Pd on
hi gh-t enperature-cal ci ned A1203 The Pd/ A1203 catal yst was prepared as
follows: The_support was initially |npregnated with 5% of ium formate
as in 20 BxAwserlst s pepaed from §iskoind fpihenmy H%Qqce?w‘aﬁﬁ%%ﬁe&é) 2 were
then m xed with the support and heated to 300C at 10C/ mn. in the rotary
Kiln and maiptai.ged at 0C for..L.hour. This.catal.ust was. tested in the C2
hydr ogenat i olr{‘t’ O#HE %Zﬁ“é@&?i“fa;? IW@%&WA‘T@ m%%&8¥%?@§ Ss}gﬁrrgtﬁ?r ed by
cl assi cal i ikilhegnbhhtaed ps GO9S a8 meshaubastdampinidihgd ek dme deniperaB08sfennpar ed
to from10 t 015\;’/0for the conparative catalyst). Exanple 3 1 %f RulSiQ2 -9
The cat al'yst waug'pr epared from Si 2 and trirutheni um dodecacar bonyl as
follows: 1% of Ru as Ru3(Co)12 was initially charged with 3 mm Si Q2
extrudates i :H0 [dl S 59n3 08 ne hour and nmi nt ai ned
TheXiO9 Eﬁ’éﬁér‘t ks d%t ﬁféﬂnourgﬁf”egﬁ redieinglade

at this tenperature tor The SI Q2 support” was not preinpregnated
with a reducing agent. TEM m crographs of the catalyst show an Ru particle

ﬁ i ée of f[Qmm%%{o%r%ﬂaéfﬂierBatalyqusltBWa@Rhip‘éﬁ{cYe éifb @i:"ﬁofﬁtﬁbﬁmt@ 5 nm. t

yar oge | was 1es In a de etl on experl nt. n I S exper.,l nt, a
di sti notin ﬁeﬂf}ﬁl&ﬁeda’é?‘?%‘ig‘zy ARFRR AN IEYT P %%’A?}Q&?XBWAIBF’S‘}- £

i mpr egnat ed thigtebyirhénte o uistindténetedsedh ekt aaivithdn gbmblrésoRutoconte@tivnalys | ow.

The result Slm%geegnzsit%&)%s%dcéurl]d Logedefteoclteld?\%tﬂ(%g-ﬁa@lleem? i:oﬂémT@Qi ?ovg. Tl%'it al yst

results are summarized in the following Table 2.

15 Table2

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

Depletion: fresh | convergion = 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



Depl etion: fresh Catal yst hourly space velocity = 0.74 g of dextrose/ (g of
-<cat. h) Depletion: reused Catal yst hourly space velocity = 0.6 g of
dextrose/ (g of cat. h) 1 %of Ru/SiQ2 (inpregnation) conversion = 92-95%
Jmannitol = 0.4-0.7% conversion = 90%.gnnitol = 0.4-0.6% 0.64% of Ru/Si Q2
(invention) conversion = 99.4% mannitol = 1.2% conversion = 99. 6% manni t ol
= 1.2%In this case also, distinctly | ess marked deactivati on behavi or
could be detected on reuse. Also, no colloid was observed in the solution.
20 -10 W claim 1. A process for preparing coated catal ysts which conprise
at | east ONgy crt.al_ytical.ly active nmetal on an inorganic or carbon support
by mxing at"5%®%t one solid precursor material of the at |east one
catalytically active nmetal with the inorganic support and heating the
m xture obtained jn | 1.t h t:h L1 g Nt | er.e | nor e
separate solali‘d pr‘Aéchg’géosg foﬁ@k‘e\r%ﬁé .éo%%dzsgtﬁ%éo‘g%g}s{ (%gl‘pgfsgie{r?elgbﬁn&% aim1l,
wher ei n the m xi rogtalgicely rckéd wetal on aa inprgamcyorkdarvpnosuppoti dy movmgat kil ns
or kil nssequi ppe ' 1% ' I . th r Al i claiml
or 2. whirein ¢ hechh She ToHA Mg RRLTa of e dIIRE SR TRl dott

metal with the inorganic support and heating the mixture obtained in this

way with further mixing until there i1s no more separate solid precursor

material.

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 Si0,, Al,O3, TiO,, ZrO>, MgO, mixed oxides or mixtures
thereof, SiC and Si3N4.
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.

8. 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.



support is used in the formof shaped bodies, granules, extrudates,

pellets, 15 spall, tablets or prills. 4. A process as clainmed in any of
claimse 1 to 3, wherein the inorganic support is selected fromSi 2, A12(3,
T2, Zr@2, MO m xed oxides or mxturgs thereof, SiC and Si3N4. 20 5. A
process as clainmed in any of clains | to 4, wherein the solid precursor
material of the at |east one catalytically active netal conprises the netal
in the oxidation state 0. 25 6. A process as clainmed in any of clains | to
4, wherein the s iplodeseaticBirned imta@y i@l clgifnst heo &t Wieash thneatabtiadljsti cal |y

active netal conprj.ses e tal. dn_ 4th I dat i state. +.1..0r~hi gher and
the i norganic suﬁﬁgﬁmg rsirgge ed Orngu‘g‘Pg%t’g éﬁﬁ’%%rﬁ*’gjél’%e zlaZI(.:O ggP?. A
process as cl ai nedixiurectheienf.6, wherein the reduci ng agent used is anmmoni um
formate. ;8. A process as clainmed in any of clains 1 to 7, wherein a
vaporizagle solid precursor material is used and the m xture is heated to
a tenper at url® at A 3satehicetalshebismabler Bpe nraeess iaa clajmpdin 28y of clamg 1 A
process as claingggin any of clains 1 to 8 wherein the catalytically
active netal is selected fromPd, Au, Pt, Ag, Rh, Re, Ru, Cu, Ir, N, Co
and mxtures thereof. 5 10. A coated catal yst obtai nable by a process as

clainmed in any offhehaé BBth: cokted Batalylt asldifimied en elbink hE i PRlregenatiée yst as
clainedlbn claim 10 in hydrogenations. 10



