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PROCESS FOR THE PREPARATI ON OF A CATALYST OR

CATALYST PRECURSOR The present invention relates to a process
for the preparation of ceram c foans supporting one or nore

catal ytically wgloh¥essonponent s and/ or precursors t he pe®fErocisas3
catalytic applications thereof, in 5 particul ar the preparation of

ceram ¢ foanms supporting catal ytically active conponents, or
precursors thereof for use in gas-treating and as catalysts in
catal ytic conversion reactions, particularly in the preparation of
carbon nonoxi de and hydrogen by the partial oxidation of 10 a

hydr ocarbon feed, in nitric oxides reduction processes, i n ethyl ene
oxi dation, and the |ike.PROCESS FOR THEr PREPARATAON QFcAkAAWALYSF various

applications, in particul gp FR&?L*#¥*¥E&C0E%&RSUPPOVt5 for
s fulfi

catal ytically active materia 11 ng several requirenents 15
si mul t aneously, as described in "Preparation and properties of

ceram c foam cat al ysthes yiedent” ihyehbidnigglates to aapdodds&i fwartdson
Pet er ogeneous oA Y pf C8ani) foams suppdTRGTBRETOL ML o 5 g
1994 Louvai n- | a-c@alyticaldiw @ctB¥egFORPORSRLE M e PARFUY$¥%Fs and t he
mor e traghd i) ahd datallgs iBeNpPEi dalicoris aheyebel i Bhs Wi th
5 particular the preparation of ceramic foams supporting
catalytically active components, or precursors thereof
for use in gas treating and as catalysts in catalytic
conversion reactions, particularly in the preparation of
carbon monoxide and hydrogen by the partial oxidation of

10 a hydrocarbon feed, in nitric oxides reduction processes,
in ethylene oxidation, and the like.

Ceramic foams are known for various applications, in
particular more recently as supports for catalytically
active materials fulfilling several requirements

15 gimultaneously, as described in "Preparation and
properties of ceramic foam catalyst supports" by MV Twigg
and JT Richardson published in the "Scientific Bases for
the preparation of heterogeneous catalysts" éth
International Symposium September 5-8 1994 Louvain-la-

20 Neuve, Belgium. Open pore ceramic foams and the more
traditional extrudates may be made from materials with
high temperature resistance, and promote surface-
catalysed reaction by means of tortuous flow patterns, in
foams by virtue of connecting adjacent pores or “cells”

25 providing non-linear channels, and in extrudate beds by
virtue of random particle packing. Ceramic foams enable
the passage of gases at high space velocities and
acceptable pressure drop, are readily shaped and provide
good conductivity.
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additive is repeated to build up sufficient impregnant layer on
the foam. The foams described are to be used at
relatively low temperatures, of the order of 760 °C.

FR 2 590 887 discloses zirconium oxides having stable

15 surface area at elevated temperatures, the oxide
comprising as additive an oxide of silicon, the rare
earths, yttrium, cerium and/or aluminium. The additive
may be introduced by various means including co-
precipitation, mixing of salt with sol hydrate and

20 impregnation of the zirconium oxide with a salt precursor
of the additive. Impregnation is preferably performed
"dry" whereby the total volume of the impregnating
solution is approximately equal to the total pore volume
of the (oxide) support. It is taught by means of example

25 to impregnate extruded support granules with the aqueous
impregnating golution, to dry at 160 °C for 16 hours and
calcine at 400 °C. There is no reference to supports in
the form of foam structures, which comprise pores of one
or more orders of magnitude greater than the mesoporous,

30 and for which a different mechanism of supporting of the

. additive is involved. -

The provision of ceramic foams having significant
loadings of inorganic oxides remains a problem, even more
so in applications employing extreme conditions typical

35 of some processes, for which improved surface area



may be introduced by various neans including co- precipitation,

m xing of salt with sol hydrate and 20 | npregnation of the zirconi um
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increase is still favourable at temperatures at or above
800 °C. The process disclosed in European Patent
Application No. 94 203453.9 comprises impregnating the
15 foam with an impregnating phase comprising the inorganic
oxide(s) in an impregnating phase and drying wherein the
impregnating phase has a viscosity greater than 1 cps,
i.e. greater than water, and drying is performed without
substantial prior draining of impregnating phase from the
20 ceramic foam.
Surprisingly, it has now been found that the process
described in European Patent Application No. 94 203453.9
for preparing ceramic foams supporting one or more
inorganic oxides may also be applied in the preparation
25 of ceramic foams supporting one or more catalytically
active components which are wholly or partly active in
forms other than an inorganic oxide.
Accordingly, the present invention provides a
process for the preparation of a ceramic foam supporting
30 one or more catalytically active components or precursors
thereof, which coﬁponent is active in a form other than
an inorganic oxide, the process comprising impregnation
of the foam with an impregnating phase comprising the
catalytically active component or a precursor thereof and
35 drying, wherein the impregnating phase has a viscosity



to the surprising finding that in a particular process for the

preparation of ceram c foams supporting inorganic 10 oxi de(s) a
significant increase in inorganic oxide | oadi ng and in surface area
can be attained, which increase is still favourable at terrger atures
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conponent or appobdemsoott beceaiten=ll 37 the ifipyegfatidersf rotHes
i npregnating phaterRatsanii$a9ShdYe sizes orders of magnitude less than
typically found in ceramic foams.
Suitably the impregnating phase has a viscosity of
15 greater than 1 cps, preferably 1 cps at 20 °C, preferably
of from 5 to 80 cps, more preferably from 7 to 50 cps. A
suitable viscosity may be selected according to the
properties of the ceramic foam, in particular the pore
size thereof, whereby a smaller pore size would require a
20 less viscous impregnating phase. The impregnation is
suitably carried out at a temperature between 0 and
80 °C, especially 10 to 50 °C, more especially at 20 °C.
Suitably the drying is performed without substantial
prior draining of impregnating phase from the ceramic
25 foam. Reference herein to "substantial prior draining" is
to draining practices common in the art of washcoating
and impregnation, and which may involve subjecting the
foam to vacuum, centrifuging or blowing air through the
foam for example. It is intended that substantially none
30 of the impregnating phase introduced into the foam pores
. should be deliberately removed but rather should be
allowed to be retained, aided by the viscosity thereof.
Suitably, therefore, any drainage of impregnating phase
from the foam pores prior to drying is less than 60%,
35 preferably less than 50%, more preferably from 0% to 40%,

—_—

This Sheet Has Been Reilaced

WA

THIS SHEET HAS BEEN
REPLAGED




WD 97/ 19753 PCT/ EP96/ 05353

-4- . greater than 1 cps, wherein any drai nage of inpregnating phase
fromthe foampores prior to drying is | ess than 60% of t hat

I nt roduced, and wherein the catalytically active component or
precursor thergglrhgspresent 5 t hroughout the process i pc@RPIgsIsIOr €
fornms ot her than t he i norgani c oxide thereof. It is a
particular feature of the invention that the use of an inpregnating
phase nore viscous than water allows significant retention of the

| pregnating phasg il nite prefblEbl PR AN SoPBECERLE BE-hiddy) dryi ng.
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practi ces comorPf rfhehdoam, shdwbbécobadarjty of theapupregnating iphaseand
whi ch may i nvol Venhes UhigRelgna8ibhtmay be car:d@d bAtVasUsM b&EsM i f ugi ng or
bl ow ng air throq&t\ trﬂle . ~__foam for exarrplfe. It is |%E%Q]ged t hat
subst anti al | y ndtespheric pregpaure n Wil H8s, 9fpfqams; af PR o the
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al | oned 150 be 1 efn@iRphatdi dedrBiutds prafRid ¥t BaEGBEn 0.5 ana 1SUi tably,
t herefore, any drai nsg)g’% of h,g‘grcjgnatl nﬂmphase b 1 {rgn&tpe foampqores
prior to drying ating X€ha opgre volume may be calculated for example
on the basis of the density, weight and dimensions of the
foam, whereby the amount of impregnating phase required
may be determined.

20 There is, however, provided in a further aspect of
the invention the option to deliberately allow the
displacement of the impregnating phase and/or the
catalytically active component or precursor to occur and
thereby allow a gradient of impregnant to develop. This

25 has the advantage of providing a gradient in solids
loading which may not be obtained by alternative means.
This may be achieved for example by selection of a
slightly less wviscous impregnating phase than would
otherwise be appropriate for a given foam sample.

30 . Reference herein to a "“gradient" in any given property of
the foam éamples of the invention is to a stepwise or
continuous change in value of that property, such as
solids loading for example, across a given dimension of
the impregnated foam sample.
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still nmore preferably 0% to 20% of that introduced. Preferably the
pores of the foamare substantially filled wi th inpregnating phase
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component or combination of components known in the art.
Suitable catalytically active components include the
elements in Groups IR, IIA, IIIA and IVA of the Periodic
15 Table of the Elements and the transition metals.
Preferred catalytically active components are the
elements selected from Groups IA, IB, IIA, IIB, IIIA,
IITB, IVa, IVB, VB, VIB, VIIB and VIII and the
lanthanides. References herein toc the Periodic Table of
20 the Elements are to the CAS version, as published in the
CRC Handbook of Chemistry and Physics, 68th Edition.
Preferred elements include lithium, éodium, potassium,
rubidium, caesium, beryllium, magnesium, calcium,
strontium, barium, scandium, yttrium, lanthanum, cerium,
25 titanium, zirconium, hafnium, vanadium, niobium,
tantalum, chromium, molybdenum, manganese, 1iron,
ruthenium, osmium, cobalt, rhodium, iridium, nickel,
palladium, platinum, copper, silver, gold, zinc, cadmium,
mercury, aluminium, gallium, silicon, germanium, tin and
30 lead. The selection of catalytically active components
or combination of components will depend‘upon the
intended end use of the finished ceramic foam.
One process for which the ceramic foams prepared by
the process of the present invention are particularly
35 suitable is the catalytic partial oxidation of a
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Preferre catalflltllcaly ActT Ve conponent
thereof. Ceramic foams prepared by the process of this

invention are also suitable for use in the manufacture of
ethylene oxide. A most suitable catalytically active
component for this application is silver.

15 The catalytically active components may be provided
on the ceramic foam directly as the element or in the
form of a precursor thereof. Suitable precursors are
salts and complexes of the catalytically active
component. The precursors may be organic or inorganic

20 compounds, with inorganic compounds being preferred.
Generally, if a precursor of the catalytically active
component is being employed, it is oreferred that the
precursor does not contain elements or components which
will impair the performance of the ceramic foam in its

25 intended end use. Alternatively, precursors may be
selected which contain elements which can be removed by
further processing of the ceramic foam, for example
calcining, prior to the use of the foam. Suitable
inorganic precursors for the catalytically active

30 components 1nc1ude halides, in particular chlorides,
bromides and iodides, nitrates, sulphates, phosphates.
Suitable organic precursors include carbonyls, acetates,
acetyl acetonates and oxalates.

The ceramic foam is impregnated with the
35 catalytically active component or the precursor thereof
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content may be employed. Preferably the impregnating
phase employed in such cases has a solid content of
greater than 0.01 wt% whereby a sufficient amount of
catalytically active component or precursor is introduced

15 - into the pores. Preferably the solids content is between
0.01 and 20 wt%, the maximum solids loading depending on
the loading at which the particle dispersion
deteriorates, or flocculation occurs.

The catalytically active component or combination

20 thereof may be present in the finished product in any
suitable amount required to perform the desired function.
Typically the catalytically active component will be
present in an amount of greater than 0.01 wt% of the
weight of ceramic foam, more preferably from 0.01 to

25 20 wt%.

The foam may be pre-treated prior to impregnation, in
order to improve the dispersion and cohesion of the
eventual catalytically active component. A pre-treatment
of the foam with water and drying to give an optimised

30 concentration of surface hydroxide groups, for example,
prior to impregnation with the impregnating phase has
been found to give improved impregnation of the foams.

After impregnation, the ceramic foam is dried. As
noted hereinbefore, it is an essential part of the

35 process of the present invention that drying is effected
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After drying, the ceramic foam may be calcined, if

desired. Calcination may be performed by heating the

15 : ceramic foam to a temperature in the range of from 100
to 1200 °C. Typical calcination procedures last from 2
to 8 hours. In order to avoid the formation of oxide
forms of the catalytically active components,
calcination, if conducted, should be performed in an

20 inert or reducing atmosphere. Calcination procedures of
this nature are well known in the art.

The ceramic foam may be impregnated with more than
one catalytically active component or precursor thereof
simultaneously or sequentially. If sequential

25 impregnation is to be employed, it may be advantageous to
complete the procedure of impregnation, drying and
calcination for each component before proceeding with the
impregnation of the next component. Similarly, if
several impregnations of the ceramic foam are desired in

30 order to achieve a higher loading of the catalytically
active component or precursor, it may be preferred to
follow each impregnation stage with a drying and
calcination stage.

Suitable ceramic foams to be employed in the present

35 invention are for example those having 5, more suitably
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-:8- | by neans of an inpregnating phase. The inpregnating

phase may be in the formof any suitable |iquid having Vi scosity
greater than that of wat er Suitably the I mpregnating phase is in
the form of s or organi c solution, slurry, ) |
suspensi on Of&o%%%’ di sperS| on. The preparation of such aﬁ’%ﬁﬂ%@bﬁﬁ%ﬁi ng
phase is well known in the art. If the inpregnating
~phase conprises the cat aI ytical |y - 1@ctive conponent or precursor in

the formof a sqlid exa S a slur pensi on, any
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phase enpl oyed ane gevkradlipsihasha soiged afompent 200 pores peyr datadr. t han
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sol i ds cont ent MTHPEREERALLY 15 t@) 40 BRy E@e\/\f%’lfﬁe Feb@3MN S i ds
| oadi ng5dependigepeaally dependhen | el ingeaidedhusk, t Weepaly | mdeatiizper si on

deteriorates, Qs fnJaQ%‘E'iEi‘t E?Qmoﬁf%er emperature stabl& Efﬁ%‘ié/téxc%ﬂ% ctive

conmponent or combination % present the finished
product in any refracr—“’%ﬂ%ﬁ?% ehothtiGeeqd Pé‘&nt?‘o Pa&FRBI M tFirRiar ed

function. and Typairedhlyy) hetalsi pdged cfaiﬂxr%g ghkireefcoopapdds Wi | | be
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ceram c foam nore preferab
f oam m&f be prézrtqpééltéﬁspﬁ}lﬁ 29 therehAtaddlity, thermal oskgk t o i nprove -
t he di spersi on raad stahesi aAdgbrt f€rength, and @hkiabyCsholydssaind oareld ve
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give an optim ace dioxide groups, for
exanpl e, torﬁﬂ%rltb’ooifnﬁréb‘hh‘ﬂlwwq Whrﬁ@ghrrﬁhegﬁaﬂmnglrphase has

been found to gipeiifiRr QypditEPiEESAL fON éiefanfﬂl% wBape. pore surface After

i mpregnation, ceram.c_foamis dried. nog e herembefore it
is an gSsentleﬂégEt tt Pf ﬁ 9§u1d passing at high space %egoc1t

through the foam is desired, there is a need for a high
tortuosity foam. The term “tortuosity” is a common term
which, when referring to a fixed catalyst bed, can be
defined as the ratio of the length of the path taken by a

20 gas flowing through the bed to the length of the shortest
straight line path through the bed. Thus a non-tortuous
bed, such as a honeycomb monolith structure, has a
tortuosity of 1.0. Suitably, ceramic foams of the present
invention have a tortuosgity of at least 1.1, for example

25 of 1.1 to 10.0, more preferably of 1.1 to 5.0, most
preferably of 1.3 to 4.0.

It is a particular advantage of the present invention
that the process is substantially independent of the
size, shape or other dimension of foam sample being

30 impregnated. Suitably foams of any dimensions or scale
. may be impregnated and yield excellent results, forx
example foams of the order of centimetres to order of
metres, preferably of dimension in any given direction of
0.5 cm to 1 m.
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-9- wi t hout substantial prior draining of inpregnating phase
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In a further aspect, the present invention provides a
process for the partial oxidation of a hydrocarbon feed,
the process comprising contacting the hydrocarbon feed
and an oxygen-containing gas with a catalyst comprising

15 as catalytically active component an element from
Group VIII of the Periodic Table, which catalyst is in
the form of a ceramic foam prepared by a process as
hereinbefore described.

The invention is now illustrated by means of non-

20 limiting examples.

Example ‘

Rectangular samples (approximately 4 x 4 x 1 cm) of
magnesium PSZ foam (Hitech Ceramics) with 20 pores per
inch were modified by impregnation with an aqueous

25 rhodium chloride solution (3.05 g RhCls in 21.45 ml,
viscosity less than 1 cps at 20 °C), and by impregnating
foam with the same rhodium solution, but containing
hydroxy ethyl cellulose (0.5 g; viscosity between 50 and
150 cps at 20 °C, FLUKA 54290 med viscosity). The

30 impregnation of the foam was effected by immersing the
foam in the.aqueous solution, followed by application of
vacuum (0.8 bar) for 1.5 hours. The samples were
transferred to a drying oven with substantially no loss
of impregnating medium from the pores and were then dried

35 at 120 °C for 4 hours. After drying the samples were
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conpl ete the procedure of inpregnation, drying and cal cination for

each conponent before proceeding with the . inpregnation of the next
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15 contact of a fluid passing at high space velocities t hr ough

the foamis desired, there is a need for a high tortuosity foam
The term"tortuosity"” is a common term whi ch, when referring to a
fixed catal yst bed, can be defined as the ratio of the | ength of
the path taken yoy ofr1995s gas flow ng through the bed to thpckaRbsiidssaf
the shortest straight line path through the bed. Thus a

non-t ortuous bed, such as a honeyconb nonolith structure, has a
tortuosity of 1.0. Suitably, ceram c foars 13f -t he pr esent : I nventi on

have a tortuosity of at least 1.1, for exanple 25
preferably of 1.1 to 5.0, nost preferably of 1. 3 t I I mn l I"““ﬂ
It is a particular advantage of the present invention

process is substantially independent off_Lhe I M S si ze, shape or ot her

di nrensi on of foam sanpl e being 30 | npregnated. Suitably foanms of any
di nmensi ons or scale may_be inpregnated and yield excellent results,
for exanple fRHPECIST rf@roitéér PEEPRERMtIRet9fe @ cEramder fopm
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PCT/ EP96/ 05353 precursoré]é%ereof which component 1 fctlve in a form In a

further aspect tAEhprethan amvamrigenigr e¥ides the procesge comprdsingrani c
f oams obtai ned asmgb@g@a@ﬂtﬂrwp td® Foam with &@tlaaip@gﬂamagcghalsat I C

conver si on process. Partlc o ta n g with the use
of ceranic foans“5"P %%'t.l% enecc?té”lslytl%ggﬂﬁe?gﬁle‘ge I§I§ t7in a
conversi on precursor thereof and drying, whereln the lmpregnating

phase has a viscosity greater than 1 c¢ps, wherein drying
is performed without substantial prior draining of

10 impregnating phase from the ceramic foam, and wherein the
catalytically active component or precursor thereof is
present throughout the process in one or more forms other
than the inorganic oxide thereof.

2. A process according to claim 1, characterised in that

15 the impregnating phase has a viscosity of 1 cps at 20 °C.
3. A process according to claim 1 or 2, characterised in
that the impregnating phase has a viscosity of from 5 to
80 cps.

4. A process according to any preceding claim,

20 characterised in that the drainage of the impregnating
phase from the foam prior to drying is 0 to 40% of that
introduced.

5. A process according to any preceding claim,
characterised in that the pores of the foam are

25 substantially filled with impregnating phase prior to
drying, preferably are filled by at least 60% with
impregnating phase, more preferably at least 85%.

6. A process according to any preceding claim,
characterised in that catalytically active component is

30 selected from cobalt, iron, nickel, ruthenium, rhodium,
—
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foam (Hi tech Ceram'Cs or es
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Rhd [err] in 2kriorilles, bromidesscRsdildes, endciheds] sPpiicedd 4111 C), and
by inpregnatin foamwi th the same rhodi um sol ution, but cont ai ni ng

hydr oxy et hyl %QOISBP8§SS(O 5 g; viscosity between 50 and 150 cps at
20 [err]C, FLURA 5329@onedsvaccersding tolTlaay3precedingprlivat i on of the foam

was ef fect ed b)éHa'fHE'Eé'r‘igeHhﬁn that the Q%maknact Bealaqriggué édlléﬂdsq
foll owg(a by appl [ at| Qn hours. The
e

sanpl es wer e eraﬂpgﬁg?ﬁ?réﬂf’t‘bei ’d‘r{'}'l]h% rﬁi}gﬁ é/F ﬁr%‘ﬁb"stjarﬁq A% no
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at 120 [err] C iRt sBOWES andl bPEcMP 1T 88MR! 8BS YBY S in a
catalytic conversion process, in particular in a process
for the preparation of carbon monoxide and hydrogen by

15 the partial oxidation of a hydrocarbon feed.
10. A process for the partial oxidation of a hydrocarbon
feed, the process comprising contacting the hydrocarbon
feed and an oxygen-containing gas with a catalyst
comprising as catalytically active component an element

20 from Group VIII of the Periodic Table, which catalyst is
in the form of a ceramic foam prepared by a process
according to any of claims 1 to 8.
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1. A process for the preparation of a ceram c foam
or nore catalytically active conponents or precursors
t her eof , whi chlconpdngodessadioiry &hien parepemation of @t herankian foan nor gani c
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ase from,the f ores pr.ior .
gmpregna ion o %éj oamlalé% an impregnating phase

comprising the catalytically active component or .a
precursor thereof and drying, wherein the impregnating
phase has a viscosity greater than 1 cps, wherein any
drainage of impregnating phase from the foam pores prior
to drying is less than 60% of that introduced, and
wherein the catalytically active component or precursor
thereof is present throughout the process in one or more
forms other than the inorganic oxide thereof.

2. A process according to claim 1; wherein the
impregnation phase has a viscosity greater than 1 cps,
characterised in that the impregnating phase has a
viscosity of 1 cps at 20 °C.

3. A process according to claim 1 or 2, characterised in

that the impregnating phase has a viscosity of from 5 to
- 80 cps. | '

4. A process according to any preceding claim,

25

characterised in that the drainage of the impregnating

phase from the foam prior to drYing is 0 to 40% of that

1ntroduced

5. A process according to any precedlng claim,

characterised in that the pores of the foam are

30

substantially filled'with impregnating phase prior to
drying, preferably are filled by at least 60% with
impregnating phase, more preferably at least 85%.

6.. A process accerding to.any preceding claim,
characterised in that catalytically'active component is’

selected from cobalt, iron, nickel, ruthenium, rhodium,

MVM13/TS0483PCT
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use of an impregnating phase more viscous than water
allows significant retention of the impregnating phase in
10 the foam pores prior to and during drying. This is a
problem not encountered in the impregnation of other
materials having pore sizes orders of magnitude less than
typlcally found in ceramic foams.
Sultably the impregnating phase has a v1scoszty of
15 - greater than 1 cps, preferably 1 cps at 20 °C, preferably
of from 5 to 80 cps, more preferably from 7 to 50 cps. A
suitable viscosity may be selected according to the
- properties of the ceramic foam, in particular the pore
size thereof, whereby a smaller pore size -would requlre a.
20 less viscous impregnating phase. The impregnation is
suitably carried out at a temperature between 0 and .
90 °C, especially 10 to S0 °C, more especially at 20 °C.
Suitably the drying is performed without substantial
prior draining of impregnating phase from the ceramic
25 foam. Reference herein to "substantial prior draining" is
‘to draining practiceé common in the art of washcoating
and impregnation, and which may involve subjecting the
foam to vacuum, centrifuging or blowihg air through the
foam for example. It is intended that substantially none
30 of the impregnating phase introduced into the foam pores
should be deliberately removed but rather should be
allowed to be retained, aided by the viscosity thereof.
Suitably, therefore, any drainage of impregnating phase
from the foam pores prior to drying is less than 60%,
s - preferably less than 50%, more preferably from 0% to 40%,
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(54) Title: PROCESS FOR THE PREPARATION OF A CATALYST OR CATALYST PRECURSOR

(57) Abstract

A process for the preparation of a ceramic foam supporting one or more catalytically active components or precursors thereof, which
component is active in a form other than an inorganic oxide, the process comprising impregnation of the foam with an impregnating phase
comprising the catalytically active component or a precursor thereof and drying, wherein the impregnating phase has a viscosity greater
than 1 cps, wherein drying is performed without substantial prior draining of impregnating phase from the ceramic foam, and wherein the
catalytically active component or precursor thereof is present throughout the process in one or more forms other than the inorganic oxide
thereof. The ceramic foams prepared by this process find use in catalytic conversion processes, in particular the catalytic partial oxidation

of a hydrocarbon feed.




