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PREPARATI ON OF SUPPORTS The present invention relates to a
process for the preparation of ceram c foans supporting inorganic
oxi de(s) and catalytic applications thereof, particularly t he
preparation of ceram c foams supporting hlgh | oadings 5 of inorganic
oxi des, and applications thereof in gas treating, adsorption, as
catalyst support in catal yipgOCESS FOR CPRRBARADPNONEOEt SOpPPORPErticularly in
t he preparation of carbon nonoxi de and hydrogen by the partia

oxi dati on of a hydrocarbon feed, in nitric oxides reduction
processes, |Th&ﬂﬁgé&ﬁn£(mnvhntxmn walatée toka.process for tﬁbranlc

foans are knomm 4 o)
recently as suprglo%p otlf C(g:{gtgfp%él%ﬂ{drgnfoalhg su%%?rséﬂﬁa%fé??g?ﬁ ?EI filling
several requirera#ide(s) and @#ﬁﬁﬂYEﬂﬁxﬁepklcégl@@§thﬁéﬂofn PRFEbERLRFOH

and 15 Pr oRgHd iise @ﬁ&m&ff@@far&féafaéﬁ Ssl@pﬁéi-ﬁ YhM{hT!\bQG
and JT Richardson_ publ |;§{h%d in t% " SC|§:nt|f B ing *nas
SMRFGRI S Vit

Base
prepar at Pon of Spst 3P 6REP 1catl°“?n¥%?ﬁ%??oﬁ%lg§§np05|um
Sept enber 5-8 19%edtoirupi redsorption, é&uuata£&$glsuppﬁhEnlmocatabyancc -

foanms and the mor e { a
materials with ©° @ers%?rbf#{aaé#)edrrg urpeggr‘(%%#g anc gﬁ %%{-%ﬂ}?a(z
cat al yzed react icarinn meenmxige tand dwydrégeny lp)at th:e nxsart:qal oxidatiemnef by

virtue of conneg] e)-%ﬂf’cgéaffﬁ‘cg{ dﬁub&s O nfeti& oxides re@ﬁ@t’i&hp;tgré‘&@sééé‘ear

channels and in virtue of random particle
packi ngl CEram(}ﬁ(ﬁﬁﬁykﬁﬂﬁﬂQ¥ldatl°nrt?ﬁdpﬁ%%abék%f gases at hi gh space

velocities and Cerafice RS d¥ & SiEbven Jf®P, vl Boui$ gl Vi Sdepesls Anth
g; Ce)\zgsd:vai | abl e ‘%OOd ‘%'glpﬁdgﬁ%‘?l%%t e{)é:é%#%s s?%qé‘é’égﬁ%{l gt%e)tai%lggﬂace
extrudat es. Comesgtrived Imatemidlab| fulDhhkimpyséraerah BEquirementssurface
area (as defined i,y RQipli PN SdSes &R Adnpreparation and
15 properties of ceramic foam catalyst supports"™ by MV Twigg
and JT Richardson published in the "Scientific Bases for
the preparation of heterogeneous catalysts" 6th
International Symposium September 5-8 1994 Louvain-la
Neuve, Belgium. Open pore ceramic foams and the more
20 traditional extrudates may be made from materials with
high temperature resistahce, and promote surface-
catalyzed reaction by means of tortuous flow patterns, in
foams by virtue of connecting adjacent pores or “cells”
providing non-linear channels, and in extrudate beds by
25 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 but they do not offer the high surface
areas available with conventional catalyst forms such as
30 extrudates. Commercially available foams may have a BET
surface area (as defined in "Adsorption surface area and
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1982) of typically less than 1 n2/g, in particular of about 0.2 or
0.3 n2/ g after high tenperature cal cination for -a prol onged peri od,
which is too lowto be useful in 5 the majority of catalytic
applications. A high surface ar'eaZ I's generally accepted to be
advant ageous in . roviding a h contact area for catal ytic,
treating, porosiggto rspflci’fr?%cﬁ d‘i%r ngf Readeric cBreassi ondes. Twi gg

and Ri char dsqmezgpet m@aﬂmwemmIpq:lzﬁ@hnixquﬁaé@lcularf g€ the
stabilisation,of a3 porequE)Fer tatejah mna/nmullite, ceramc
foam at hi gh 3% sE, F‘édﬂ after high otiﬁmf?%lfﬂt‘r”é uEB1ShRRR1QBI f ace .
area decay offarh@ prolongetkpeniod,oavhits mhtmebb\aft@rbeaﬁseﬂunglﬁt

1000[grr] C f Qe g ajority rEﬁ‘Jrc%t:r:leé/tlc apsqllcj:?t 260 ﬁ%@l%‘l?é\tlﬁgﬁg ceram c ,

f oam Support s~ sui t carm Feror g o
conprising aarea is genenadd ofaqaendpd dio ke sedjeanteagesids nint her et hr ough,

conpri si ng SRR A High rvadctdrea %ﬁréﬁa%@” treating) NOrganic

oxi de stabiliser tq preveni sintering of th aciive naterfal. The
stabiliser af@SFPHAR AhdQthexr, surtace 1%%"?41@%%‘&3‘61%? i Tk @gnat i on
of the foam hyndwmmaﬁdson repontmmr s lnaminfa tvmsﬁc&&miﬁg afle SlSLOLIS

sol u{bon of F Sraltth 1sat % Stfflbalt Ijos%r 19|‘?t|hﬁ act i ve .conponent,

draining to exc s So |ona %rr]C This
process 25 alummar/e;pédtlé:@ tqerlamucd ﬁg;ansuaft‘ |m¢nttemmzegrm, lelyerelop

the foam Howeweh, A i3 é%?ﬁg 980 Sl %éé% %ﬁrfésedjeé’éy of th not relativel )‘

| ow t enperatures, of the or [ ve t he
desired st abiOeremicofoam Magh&chieve afttéﬁ)é'raaltq}rfb‘s"lg B sl Qs
SL_II ted for theurs. stabilisation of the active conponent in the

exi s I I qa f oa but. d s not address S hapci ng
t he Jts%rface ar eaE%f %;N#g% Q%gt:aﬁ &ﬁeéu;aeé'@éué:r Fhappports
application dbrt mise gmostean mef@rrhwnga@fsme‘ma@%r ewomprising & the | ow

surface areanRuy Y 1'%%&9%‘&%&4 VS HYd idB Rling tHABHEAGR,

comprising supported catalytically active material and an
inorganic oxide stabiliser to prevent sintering of the

20 active material. The stabiliser_and'the active material
are-introduced by impregnation of the foam by'means of
immersion of the foam in an aqueous solution of a salt of
the stabiliser and the active component, draining to
remove excess solution and firing at 450°C. This process

25 is repeated to build up sufficient impregnant layer on |
the foam. However the foams described are to be used at
relatively low temperatures, of the order of 760°C, and
may not give the desired stabilisation at higher
temperatures. This process is suited for the

30 stabilisation of the active component in the ex1st1ng
(low) surface area foam, but does not address enhancing .
the surface area of the existing low surface area foam.
The application of this process for enhanced surface area
of the low surface area foam would be laborious and time

35 consuming.
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-3- W""’“ﬁi 2 590 887 discloses zirconi um oxi des hav?r%%?gg £y
surface area at el evated tenperatures, the oxide conpri sing as
additive an oxide of silica, the rare earths, yttria, ceria and/or
alum nium The additive may 5 be introguced by various neans

I ncl udi ng co- precipitation, mxing of salt with sol hydrate and

i npregnation of the mrzoss@lrmmldﬁs@waea gdrtoRi BRUGR DlHes hav:.ngOEthQe
addi tive. Inpregnatfon S re er ereby the

total volume of THe3#%pry %t?ﬁg gﬁyaged E%WH?F%H“FESapBgSXPﬁEQGIy equal to
the total pore voimpeising as addibevéoandexideppbrsilital sthaughireby neans

mor ognat i ng sol ST HR '{‘Ef%gggt redbbt PR ORPbh LR, Re"hb8: kGORIEN S

at 400[ efr]C. THee abrtroduece beearengssepnastnclyding co~ | ow ampunts

of 1 to |Oat% %ﬁhm&éﬂ@lw GRixPhgt o salt w1tﬁ0§c§l H?&’ﬁaﬁét kg The
support may be in the fo ul es or BET surface

D T e mpreanat G (o the ot i PEENEI ORUAE YHED 1B SBLEOPREPURPE,
additive ofittdHadit Gre Thimpriognaeidn discppeterabeyi ppregpmbdon of

20 TESOPOY OkEr! LIRS cHOLSLL 1061 B¢ b1 VEnd 1 ABROEREE 0g 2N

crystallised onto e suppor IS nO reference in
the for&0of foarsaluticonres, anpiehimately equadprtectiportetal peveruvbluméders:

of magnitude gre&fex;he (ox1de)t%§$':?t mfepﬁgOeéugﬁﬂdwoxﬁemgcafaeféaﬁﬁféem

mechani sm 25 supporting of tive 1S I nvol
The provi sion ofth#%ﬁﬁqgﬂ%ﬁ#ﬁﬁ¥ﬁﬁM¢@PS$EPP?¥Ea%¥anules_WlthaﬁhﬂgéqB?ous

i norgani ¢ oxi glesln@plﬁb@ﬂﬁrig Cﬁllutﬂm.eaﬁ@ dfy at 160°@Efoﬁuwa§6uﬁseand

remains a pro even nor a Jcatl e ng_extremne

conditions typic l o éﬁﬁ; rEQﬁO%%g%%£9§f%§ ﬂﬁ ?%B?%%eﬁggﬁ?? ct?

area reléntion ilow amountmemﬂeh o npewel ba$®dhmmmﬁhéoma1ghppoftthe'

It has now surpr I d t o} organi c
i éﬁlébﬁﬁggiéfﬁﬂ‘ Fhts ﬁﬁbrt may be be! ﬂﬁ ﬁ%é Fo Qﬂpéf

oxi de | oadi ng an on surface area conce
provi di ng an add%amHes Fr pellelserTheBEL %WWF‘F r@?ﬁ@hbsrwﬁ‘iﬁ@%e‘d

publications, butrdm) 20 m2/g without additive to 40-50 m2/g with additive
at 900°C. This document discloses the impregnation of
20 mesoporous structures, wherein the additive is adsorbed

and crystallised onto the support. There is no reference

to supports in the form of foam structures, which

comprise pores of several orders of magnitude greater

than the mesoporous, and for which a different mechanism
25 of supporting of the additive is involved.

The provision of'ceramic foams having significant
loadings of inorganic oxides and significant increase in
BET surface area remains a problem, even more so in
applications employing extreme conditions typical of some

30 : processes, for which improved surface area retention is
| needed compared with known foam supports.

It has now surprisingly been found that the
limitation on 1norgan1c oxide loading and on surface area
lies not with the concept of providing an additional

35 layer, as is known from the referred publications, but in
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still favourabl e at
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Accor di ngly (%€ &&nnes &Ff ddd
process for noE pbiedmid.on of a

Its provision,
It has now surprisingly been found that
particul ar process for the preparation of ceramc foans 5
_ i ncrease in
'l oading and in surface area can be
eratures at. or -above 800[err]C.
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whereby full adv2cTERese413
in a
supporting
I norgani ¢ oxi de
- 4 qttained, which increase is

RIRP 1 dhereeny full adwarkagdeniéntion a -

ceram c foam supporting one or

nore i norgani c oxide(s Q 1.S1 | mpregnation of the foamw th an
I mpregnati ng T %a&l&og E&ﬁ?ﬁ%‘ss{iﬁ{gqlt%%%r%%‘%qci B%Yﬂef%)ai n an

i npr egnat i ng pagdiionlan prodess viver dihe tprepamatipmtofigcdbamic feamse has a
viscogity gr -ﬂqu 4.2 5T, r p— i d; dryi ng
S pe?f or rred%%bﬁ%llﬁ}as&uﬂ)ls,t an aidal'l':?_ mgiaaéj{tse),prél1 _osrl%ﬁjé#n?%gt\g?ﬁ:é%%?%nlé?i ng
phase from t H8oZgaRd oxide loadiqig and in surfage 3zeqy RRtPeular feature

of the inventiteaired, WA incredse i SLINPILES@EADDe S@EULIiOn more
retention of the inpregnating

vi scous than_ water ~allo S| gy nt

medi um te@ﬁ%@%@aﬂ%ﬁe%‘f%%@o@hd during drying. This is a

probl em not encodcceradnigl vt thenegprieypatawiderd axtdmrding to theaterial s

~havi g pore g 5 G %gg% rEHE jcakly found in

cera?n@c foam?.r%%t%?%g?{)v%gg ou%ﬂ that S0l t ?ﬁ%%%ﬁ?%%&iﬁr%gnat ed

mat eri al has COFFEiICofoam SUPPOIHATEE (S RN BRAT HakNILIARET yoxIde 69)s - of

sol i d | 0adi ngompri.singaishprAlgtitioh Of QMBS WITIRACE: i N aly ‘lf
methods o

tammauneclmnug,LomﬂrlmSlgnenme%bykMMMB
aqueous "wet PPRAFS SGHRSGT H QQi% oxide(s) 1in aRj{aply the

i npr egnat i ng ippregnating wiesliom tandfdrying whegresiaf erhé himpde qrpest inig
20[ efg] C, pr?g%’é%bltx%sOfa 1Y002 5 (35[ )?rr%aaytebr % Cde)?fe. ye pref e%:a%)%é/%{]reon? [

50cps. A sui VI SCOSI e Se dccordin

properties ofthas watemhansedmyiad denperfqrmed il thouthsyhstantial

t her eof, prior draining of impregnating phase from the ceramic
- foam. ' | 5

It is a particular feature of the invention that the
20 - use of an impregnating solution more viscous than water
allows significant retention of the impregnating medium
in the foam pores prior to and during drying. This is a
problem not encountered in the impreghation of other
materials having pore sizes orders of magnitude less than
25 - typically found in ceramic foams. It has been found that
- the resulting impregnated material has superior
characteristics, particularly in terms of solid loading
ahd retention of enhanced surface area on high
temperature calcining, to materials impregnated by known
30 'methods of aqueous “wet” impregnation or wash coating.
Suitably the impregnating phaSe has a viscosity of
greater than 1 cps at 20°C, preferably of from 5 to
80 cps, more preferably from 7 to 50cps. A suitable
viscosity may be selected according to the properties of
35 the ceramic foam, in particular the pore size thereof,
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-5- whereby a smaller pore size would require a | ess viscous:

i mpregnati ng phase. Suitably the drying is perforned w thout
substanti al pri or dralnlng of inpregnating mediumfromthe ceramc
5 foam Reference herein'to "substanti & -prior draining”" is . to
drai ning practices common in the art of washcoating and

i npregnati on, awhHewbbghansmaildesl persubjicet woglicheequire a fleas tvi straigim

centrifuging or. @éggﬁﬂ ?b? %Hggggh t he foam for exanmple. It is

i ntended that su oné 10 - of the inpregnating nmedi um
i ntroduced into theSRdhabpyrEhbe drying igopedfbgmed Widheudl wubshandd adut

rather should bgrjor dralahhewsé iR ?@ghﬁ%&h@eﬁed@kﬂe‘h% e HeXeasid ¥

t-her eof . Suitably thereforé, rainage o |npregnat|ng
nedlwnf@on1thefPB§n1BS?§§9BFF0P9FSlHr§Png ¥?SF§§§1PHaErE9r ra#ﬁﬁ%g' is

preferably IeSStbhaBaiﬁYmngracﬂﬁeéQrebinmhr am @Het @rt of wash¥¥adfirddh
i nt roduced. Preferabl¥ ores o are ubstantlski
e

filled with i mpfBEna® ﬁ&gﬁﬁgFﬂﬁprPSrwglcg may, §nyeHEy
f oam pores are fohketlobyaatum, centrhéagtnﬁO@rwbﬂbmxmgregmatmm@ummdem

ror.€ preferab'nyXmangoexamﬁléeaﬁktg?”ﬁn§€hhéﬁ'%h%%es%% %Eh%1d¥¥? rSne

i mersed sl owy into I npr egnat |ngép
mherebﬂ- OfothﬁtF@ﬁrégnatinﬁoﬂﬁéﬂ§mlénﬁﬁéﬁéﬁﬁédl Qi $hendielamgpores

filling of the ppp@3d Eeedéatise%tem&&meﬂear beX! @athelr should peniti al
I mrer si on may be accordin he par e

size (ppi) of tﬁégg%gﬁrkangetggga negte 59?30?Vt§h8vaﬁ§°Fgﬁﬁé§ eRg -

medi um The i npregnativably thereflayebeangr dradnage af Qmpbebnwtahqnspheric

pressure. Wth mediumagilgﬁ %ef 985@08&-28"" Bg g g? re&gégdlpr eSS %h&n

"particularly ant a
bet weerd 330 60%p nneferab sﬂ;a55e§hamhé Bor movel prefeapbly (fa‘IOGUIO&tet@

for exanple on sbg Q@Stﬁaﬁf1hE§oQﬁE§HtYPréﬁégﬁbl?”@he pores @T”%B%'g%
éhe f.oam mhereb¥et2898£0unt g filled wgghegm rgngatlnluggé?%%Frglor
et erm ned 9BF18F4Y preg g9 P
PCT/ EP95/ 04713 to drying. Preferably the foam pores are filled by at
least 60% with impregnating medium, more preférably by at
20 least 85%. Suitably the ceramic foam is immersed slowly
or incrementally into the impregnating phase whereby
formation of air pockets is prevented, this enabling
_filling of the pores. The rate of immersion or extent of
initial immersion may be determined'appropriately
25 according to the pore size (ppi) of the foam, and the
viscosity of the impregnating medium. The impregnation
may be carried out at or below atmospheric pressure. With
use of foams of low pore diameters it may be particularly
| advantageous to impregnate at reduced pressure of between
30 0.5 and 1 atmospheres. The pore volume may be calculated
for example on the basis of the density, weight and
dimensions of the foam, whereby the amount of
impregnating medium required may be determined.
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subj ect i ryOve16¥7 - f | ow at anbi ent tenperature, oven PCTHEDRIS4713r

m crowave dryi ng. Any undesired di spl acement of inpregnating
medi um 5 during drying nmay conveniently be avoided by rotation of

the foam other suitable neans. There is, however, provided in
a further aspect of- the invention& e optlon to dellberately I nduce
t he di spl acepent _of the_inpre t ase and thereby allow 10

a gradient of |ﬂp$5§ﬁ%ﬁtm?8 BVBPHHC r%ﬁs b g%yhinown meangqy SHcy & Sof

provi di ng a gsadjeating tolads-fmadlag amblent tempeuwaftare ,atcd@nhi ch may
not be obtain §P¥?M8 PtH§E£8wave drylﬂﬁans Thi's may be achieved for

exanpl e by se | ess vi scous inpregnating phase
t han woul d 15 Anbtu@daﬁsée@edagpl@sﬁman§ pér impgegoa tisgnimedipime.

Refergnce herghpihg ary ﬂﬁgdmspt cohPeAR¥ndlyeBePROBEHEY {y rotation RF foam
sanpl es of the |n%ent|on se Or confi nuous change in

val ue of t hat tRe¢opRfRy °§hﬁﬁ §Eltagfg TegnStace area, solids |oading for
exanpl e, across ammeyenlap howevdt pepsoonded ﬁhealmnrenaataépéeanbsanple

The i npr egnat h r f sui le liquid
haV|nSDV|gcos#?€ g& 3#g$g$ Sﬁg hﬁFi ﬁ £ Hh?lb %&FIYS&PP&EFygﬁﬁ |
|npregnat|ng aibgplacesenty ofiether impfegnating phaseuends therebyaaildow
sol utyigon, S'uyyraa.@éntgsk naﬁregnanEUEBeHé'vQ@oBr  FhiRChaLORKA! 1 norgani c

OX|de partic erably I_nor gani c
OX|de(s) advaﬁgﬁg?chsprgﬁédngpﬁrSFPGﬁeBF éHcﬁOFﬁﬂFeéﬁéﬂﬂﬁg ﬁé&la i s

wel | known lnsﬁhﬁa@étaréasohlﬁnymby foepBeedbtained by spﬁthbtﬂbar by mean{
of peptising a slurry, of t

thereof. AltPRaRT?vef§rs- ha§ gemﬂgpéev igggggﬁgéhgggB& égﬁgggksg%eFan1c

foamw th slightbyelessnvbseounoippnegnakig, phasenthaniabuydavalIable
e 1571 OUBo2RL 80 L a5 pbpPENCESEAR By (Bim sample. 200 Lion o
pCT/Ep95/047ﬂ%eference herein to a "gradient" in any given property of
the foam samples of the invention is to a stepwise or
continuous change in value of that property, such as
surface area, solids loading'for example, across a given

20 dimension of the impregnated foam sample. |

The impregnating medium may be in the'form of any
suitable liquid having viscosity greater than that of
water. Suitably the impregnating medium is in the form of
an aqueous or organic solution, slurry, sol, gel,

25 suspension or dispersion of inorganic oxide(s) particles,
preferably of a sol of colloidal inorganic oxide(s)
particles. The prepération of such impregnating media is
well known in the art. A sol may'be prepared in
particular by means of peptising a slurry of the

30 inorganic oxide(s) or precursor thereof. Alternatively
where it is desired to impregnate_a ceramic foam with
more than one inorganic oxide, a commercially available
sol, for example an alumina sol may be adapted by the
addition of the further inorganic oxide(s).



-7- i npregnating phase may be stabilised to '
i norgani c om%gf’ partlcl e size of . less than 300 nm ﬁ(tf;fl"e efoa@ls

| ess than 150 nm .nore preferably in the range of 5to 50 nm
Stabilisation may be perforned by any 5 known means, for exanple by
el ectrostatic stabilisation or "depl ejion" stabilisation by
addition of a polyner or ot her inpregnating nmediumnodifier. It may

be addi ti onalhy 3HRIRARANY ‘ghddeday e 'éﬂ%[t?ﬂf'?éé 9% PNBE€ain an

to mnimse the content ,of inorgani c particles, %eaé than 300 nm
preferably great eROTIRRIT@XHAe (for é’arthle S blr%/s%rfetﬁ%r R aBm50 nm
forhexarrpI]? by nparferfably lfess lﬂHa]{rasmmdxm A mcre préf@edil ¢ s tieveaigge
with use o ramdc foa S ore
Suitably the |rrpr°éfgﬁt’a%’| n«? pﬁ’glse er?&l&n}%é%‘ a{“aslgl{ree LJ'Sé)Porme%okFPfe?‘ltfyof
greater than 5 wik¥tonine meanss ﬁsufzf|eoqaamlarhmmlectrostatﬁc|stnkgpam$atlon
oxi de(s) precursgqy iy g@%ﬁé%ﬂwﬂf;@uon by %d@f@.?on %ffgr&gigsr

| oadi ng

solids content is betv(\égi and e naxl num sol
dependi ng on theother impregmatd ng medium |"Pﬂﬂﬂg“a‘rﬁ oxG dRA%)P®recur sors

parti cl es 20 ad@ﬁcg;brn?llqlry %giv%rnwgﬁcﬁﬁs w tiencun li}ﬁpﬂ_ﬁ@tﬁ@lné\tphatse
si gni fi can oyer sol.i ds i ngs rymation coher en
fi Igm will beyl nhite; fagimise The T tﬁ”&f @éﬁl ﬂwlf%é?ﬁq%l%]reeﬁ r%’éﬁ%ruef)m or

to 10 i npreghan G900 nm,ompdefdarablyprgnea tidre tthaaper0 cmn,armbﬁé
cohesion of the r gthe
foamw th water g‘f%’%#%:b%ﬂx%%%tre%h% Ly mﬁq %ormesxeaé%:lgénc trati on of

surface hydroxi d&lgresesnd. or'1'1'11s is Ofemﬁlé:u%ﬁ advantags egih ivse v h
the inorganic  cerami@imbah®) JFsmiaan o Qiiertdhd npr Oved i mpr egnat | on

of 30 t he foans. e dr| nmpr.egnat ed i no ni ¢ oxi y
be in the f oSHEGALL Y She: éﬂ?r@rgrﬁm ﬁ”ml(ﬂi’aﬁ‘? Solial 1d™
ceram ¢ IHam as wontent wfd@metamaxi- wndm rSeWm%emd'ﬂeﬁeby ki rsufficient idmount

coating technol Og)fa|l|nog‘?a%"|l%e?)xat IAURARY % %%&%ﬁr}ﬁ{oe@hé Him

coating wll gen t|ve
PCT/ EP95/ 04713 pores. Preferably the solids content is between 7 and

40 wt%, the maximum solids loading depending on the
loading at which inorganic oxide(s) precursors particles
20 dispersion deteriorates, or flocculation occurs. At
significantly lower solids loadings, the formation of a
coherent film will be inhibited.
Preferably the foam is pretreated prior to
impregnation, in order to improve the dispersion and
25 ~cohesion of the eventual'impregnated oxides. A
pretreatment of the foam with water and drying to give an
optimised'concentration of surface hydroxide groups, for
example, prior to impregnation with the inorganic
oxide(s) has been found to give improved impregnation of
30 the foams. _
| The dried impregnated inorganic oxide may be in the
form of a coherent or incoherent film coating of the
ceramic foam as will be understood with reference to thin
film ¢oating technology. A calcined ceramic foam having a
35 coherent film coating will generally exhibit attractive



- 8- surface area enhancenent having high stability and is

parti cul WOI9/16138f erred where it is desired to nodify the PCI/EPISOLIA k
properties of the ceramic foam This has found to be attained with
the use of inpregnating mediumin the form 5 of a coherent

di spersion, preferably a dispersion of col-l oidal particles in
liquid. A coherent filmcoating 'n%y‘for exanpl e be derived froma
partially dried nated oxide in the formof a hydrogel, in

particul ar fﬁﬂﬁ§4ﬁﬁwﬁﬁﬁﬁrg%P cepen iy hayiRg i Righhatabibity andhasacteri sed
by a gelling gartd cullstintprd fervsiabhde it is déé§réﬂYt69médﬂEy0Ehe“here

SELI118, EOTTRESE SUldities o oATTASHRTLL Bonh? RRFESCRID! BEe RL SRR
i nvention comﬁma@ae§5w1th the ayse of IMRwéqmagamgcmedldm bh theckaems
greatgr thange 4 coh@reﬁmﬁ“ﬂé}fhrﬂ&ﬁ erﬁ&ﬁ’eﬁ%ﬁge@g{sb%&l&n%fr0“ The

ceramc foans of t, I nvent ] on typrca are th a | ayer
of the |norgﬁﬂL§Q$9§ﬂaRﬁrQﬁF¥Q§ZFQS#ﬁQHkﬁl A coherenpefibmcreetingf the

! ayter trrrayf bterx]ﬁqr o Rl & s e iveld from 4 r}%ﬂ@ﬂ?mjﬁﬁdﬁﬁéé) t sol Itﬂ
content o e i natin era e, greater e
| ayer thi cknéd® %aq: & ’g%ﬁe’ﬁ etrhét)réo c‘?’gaggh %?}fac%‘gar ea of the

foam and th@artlculangrfaa:merlmﬂmegrmttlmsrdﬁ/ amch.mmgmramnlgqsh@sesent ed by

the 10 fc%%@a@t%rlsed b %S:#élaﬁ P}Z E%Eéfy&g in the
pr esent i nvention are exa Ie ] ose vrn pores per

i nch. CbnnerémﬁI@FK%RQIQ%%Q&GRRﬂHP%ﬁQ& QQI%Dmmﬁm¢ﬁ§ during range of ﬁp
to 200 pores jR@rdgidtiol)e 1 AiHe HmdidHA impregnadtidn Wrahwn@epend 0

t he i ntended yse, whereby 30 sel ection of material from high
tenperature §ﬁﬂﬂeesrngle or m xed refractory oxi des of silica,

al um na titani aSuitably the mamcfc(anw toﬁil'dné Jsmaénttidc:eObdm;ise

ther ' | [ onf

bene | cr al praopefe?re%f;u § rlntm:'r% naqarbqi ani I Jtﬂg%g% %ﬁ’afef' %Eu%%k
resi st ance aﬁdﬁomlgrmgmref@wm%mm@am 1 microniThes/ 16737
PCT/ EP95/ 047 3ramic foams of the invention typically are obtained

with a layer of the inorganic oxide of up to 2.5 micron.
The thickness of the layer may be determined by choice of

20 inorganic oxide(s) solid content of the impregnating
phase. In general, the greater the layer thickness the
greater the increase in surface area of the foam, and the
greater the tortuosity and pressure drop presented by the
foam. _ . :

25 Suitable ceramic foams to be employed in the present
invention are for-éxample those having from 10 pores per
inch. Commercially available fbams are generally in the
range of up to 200 pores per inch. The choice of foam
will generally depend on the intended use, whereby

30 selection of material from high temperature stable single
or mixed refractory oxides of silica, alumina, titania,
zirconia and (partially) stabilized forms thereof,
carbides, nitrides and mixtures thereof may confer

- beneficial properties such as thermal stability, thermal

35 shock resistance and/or strength, and whéreby increase in



-9- ) per inch rating generally corresponds to m/EPIS/04713
| ncrease iﬂvqgér?{sz:g’sity of a fluid passed through the foam In

speci fic applications for exanple where pore surface contact of a
fluid passing at high space 5 velocities through the foamis desired,
there is a need for a high tortuositgy foam The term"tortuosity"
Is a comon term which, when referring to a fixed catal yst
bed, c?ln be def Eaedsﬁpeﬁhegtm ratdhgt geneeragilly afortresponds to mat h taken by
a gas ow ng throu t he h . QQ%f
straight line péflﬁrgﬁﬁ?uéﬁ’ gﬁtgttglgéqi})hg’si}gta f]lQud fansgne-#%?}uo s?tg%{(f such
as a honeyconb foam.i fin specificseppdtigedionss fpn exampdie wherel ppre
Sui tably ceram @al f= Lheipi 4 | Q3 ¢ ortuosit
of at I%ggtfafgl.,cobor gExgrrpiae 0 l?s?éttsgl%éeorgﬂ rmrdp\ﬁg%g ably o >1/5
1.1 to 530, nosveppeisigsl Fhepughsthe fogm is desired, |fhere 45& t’{eﬁd ar
23\63{“ a?g |0|f tthEr Qsaﬁ&bthl I&}z&%}(&'ﬁb@ity foam. (Tt ﬂﬁm preaesodity” is a

stantially independent of  t, ze,..S e Ofg. r..qi j on of
f oam sanpl e bei ﬁ&mp“on Gf:'ermi P?‘Brlgg‘ﬁaf‘@&.n §3|Sfte§l§wlgf gcgorrsa off:&tae% c(fﬁzlr?e Sl ons or
scal eI 20f mbedhe canp beg datfétednad sy itdled ratda lcdhttheedigngth fafr the
exanpl e foans o e.qrder c i

athe + 248 bg])a/\ glﬂveﬁﬁg&ﬁﬁg Q:hq:roq.\f'?jo h Yhe bed to Tid @%ngth

preferably of dffension’in 1 direction 0.5 cmto m
The inot@ani c orifdshe) shorbesitnstagiahsd ldaeo ratiy thromgh the fgd.pf s
emperature st abl ol ol S oeh e oo SUEIEE & hon ey R e Boh oxi d
rface area . organj G ,0xi.de. Such oxides
may i ncl ude but S&F8CHEFe, has a \toptuosity &é g'esogcgrﬁﬁtl%ﬂlﬁg CSHETH mor e
‘(I:'aE): ongosel ect e(foa;]ns olf thieo presemts inA&entidn Have anddrtAicsittyvhe @t odic.
abl e of the Elene 2 trAanSiyti tepl r{,QeH
of the El enents, elaﬁ%A ‘§97g§°,§ %%gfngp%b}ofpr'&mt%p&%sﬂl ito(rpee IJ]:%%equ , lg}I ?’E
1B, 111%, 111Bl.0VAo SVB, WRstvpBeferaplwiaf 1.3 to 4.4hd the | ant hani des,

nore preferably frogkaﬁgnhnbﬂghicular.adﬁ@ﬂﬂ%@@“@f‘ﬂﬂ@a'ﬂégenﬁﬁgmﬁﬁﬂﬁﬂon
yttrium silicon, 3 zirconi,um cerium, ni.obi.um an ariu Preferred
WD 96/ 16737 that the process is substantlélly p@%#ﬁﬁggﬁﬁg% the
size, shape or other dimension of foam sample being
impregnated. Suitably foams of any dimensions or scale
20 may be impregnated and yield excellent results, for
' example foams of the order of centimetres to order of
metres, preferabiy of dimension in any given direction of
0.5 cm to 1 m. _ _
The inorganic oxide(s) to be impregnated according to
25 | the process of the invention may suitably comprise any
ambiént or high temperature stable high surface area
inorganic oxide. Such oxides may include but are not
limited to oxides comprising one or more cations selected
from groups IA, IIA, IIIA and IVA of the Periodic Table
30 of the Elements and the transition metals (Periodic Table
of the Elements, IUPAC 1970); preferably from groups IA,
1B, IIA, IIB, IIIA, IIIB, IVA, IVB, VB, VIB, VIIB, VIII
and the lanthanides, more preferably from aluminium,
- lanthanum, titanium, magnesium, yttrium, silicon,
35 zirconium, cerium, niobium and barium._Preferred



- 10 - i norgani c oxides to be inpregnated in ceranic foans

enpl oyedvwes&wad yti c supports in a process for the - PCTERISO4ABI ON of
car bon nonoxi de and hydrogen by the partial oxidation of a

hydr ocar bon feedstock include 5 those above defined, nore preferably
oxi des conpri sing alumniumas the only cation or conprising nore
t han one ~ of the above defined cati®ns. The foam nmay be inpregnated

with nore than one inorganic oxi de (precursor) . si mul t aneously or
sequenti al | y. 1Bgrganic oxifgs, §9nPe dTPFEINAGAS iift eEaRie (IRaM%ne of the

gbove ?:atlgnSempe:gsyaa aeveaahlgdi&ntsa@@aa,rtfsorlne>aarpﬂoefe%“s for thhé)XI de may
e enpl oyed cgQ iSi gne_catlLon a ef i ne
Ianthanun1g|ng§£85§??88 8£rF8F§8HC§°%ﬁ§%%e and PW@gCﬁF%hggﬁ%ﬂE% of the
foam toget hepawnkihlaockidahden1sf a hydacicarben fisedsteslk dewlwiech as

al umi g um of \Sﬁbﬁ@ tB8ve defineﬁkeﬁBﬁobre%er%%qsﬂ ?é{q'd%%er%firélggbe

i npregnat i ng phase By this neans the sol I"oadi ng "na
i ncreased wi t gduURinium as Ehej gBilYi FLiRE P& COMPFISLNG More itharegng ed

mat eri al . of thenaBoﬁéeﬁéfiﬁddeﬁbﬁdbﬁBDtTh@efb%ﬁﬁﬁﬁﬁrtﬁquﬁﬁEbdéﬂéﬁes
20 _ to the, £Hp gn gbon of ceram c %ﬁ 2 i nbef ore .
. defined with %h PEG Fﬂgoﬁﬁaégoﬁgﬁpﬁﬁ Qﬁﬁ c &?&ﬁﬁ%ﬁ? r) cont ent

of inorganic sxmdétaneousigroroquuenngaalylrst cation as

here| efore defi -'n S n f a second
catlogpas herelnbgﬁ ggﬁe# 8&%8&? Egﬁpkggamﬁ ﬁﬁrfhghaﬁofﬁ%n%c g&%ﬂe
precursor is éhaVacFéFFQEG Byegent severﬁ#gﬁéwaa¢§9653|é@rb@y@@mﬂp ia® t he

i pregnating gRA8E. may be emﬁispeaalgbmpelgsﬁgnéneat:lae&aohs a3 WHoleum
Ceram c foansgggggared acco |nvent|on may

suitably conp ﬁdCaFHFytFﬁaEgQE§EPPWegéUlng desdxEEn BRE LREMARES 5 gani ¢
oxi de or in atHet inbehdetihese of thelmoagantogexhée wAthaalfylritheld y active

COTPAENT. MY 1on st RHBvECALPREATaLEM. 3" HS naRi 0o QKIS 3R Che

ceranic foam I'Ipr €g e inofrgani'C
supported ceraneeuraan1lﬁhn§a@a1ul9@spea§pﬁ|éﬁttbﬁsl@sregnatang pheiseaged,

of whi ch partpgULRE sad¥antagRe "BY¥198s loading ¥a96béb{Réreased without
PCT/EP95/047¥grejudLCing the performance of the impregnated material.
In a preferred embodiment the present 1nvention relates
20 to the impregnation of ceramic foams as hereinbefore
defined with an impregnatihg phase having enhanced solids
content of inorganic oxide precursor comprising a first
cation as hereinbefore defined, by inclusion or increased
content of a second cation as hereinbefore defined of
25 which the inorganic oxide precursdr is characterised by a
higher dispersion capacity 1n the impregnating phase,
preferably a second cation is aluminium.
Ceramic foams prepared according to the present
‘invention may suitably comprise a catalytically active
30 ~ -component as the inorganic_oxide or in addition to the
inorganic oxide. A catalytically actiVe component may
thus be impregnated aé'the'inOrganic oxide onto the
ceramic foam or may be impregnated onto the'inorganic
oxide supported ceramic foam. Many catalytic applications
35 are envisaged, of which particular advantage may be



- S npl oying as preferred catalytically activegEssoamst s
to be |npre§%%?@§%wﬁ ceram c foans enployed as catal ytic _ supports

those generally known for a process for the preparation of carbon
nonoxi de and hydrogen by the 5 partial oxidation of a hydrocarbon
feedstock, including a metal or precuysor of a netal selected from
G oup VIl of the Periodic Table of the Elenents, preferably

sel ect ed b{r éﬁblayhﬁﬁl HB) pragéh:u@n raltlhagitima 1dyniaani ver ictimporendt s
pl ati num nore pyeferabl '

process for nitrF@ B%.ﬁ%ngQBBEFELﬁR %%kgﬁg]a abls %hgqlg%édﬁﬁnc%égﬁgﬁlnn
and a mixture theuppbrtanthbse generally gnowssd£offor Preaessuffan dihe of

et hyl ene oxi de. P{ﬁgarat19P b éaEBBbhﬁbnéiﬁgﬁtah em@&%ﬂ@@h HyNHHécm

provi des Ceéram c foans tal ne %Pove défined as a,15
catalyt|disupporParhlalcaﬁaﬂ§ti@nc6ﬁvér§W@ﬁ°§ﬁ6@@§sfee stock,pdng

advantages are Oofkghfedr EEC&B@O&SQfOE metal sew@amgd:ﬁrmmnsndﬁpuvnﬂtavf
above defined as a cataly %Bﬁ #H conver. Rr oc
a

enpl oyi-ng tenper598r8§r1°dlc Tablgapdr 4| BES &V]%éieCted
g(r) Sf S(r) Sbl y enpl Oﬁrag ;:‘E.thenluﬁtpam'hod&hmcl piadd agiieat, e o siiamm, ori régliaim tagd

r Ly, |
carbon nonoxi de B hagﬂVHFo gﬁ&%yg%%g%gg%gﬁéfﬂoﬁl 00%&%tﬁ%th%%ﬁﬂf¥ﬂd¥hﬂﬁ
hydr ocarldbn feedfor a process ceraml@rﬂ@awmmdm@ttl@mhén%%n may

al so be 25 O?Ql\}h&i‘aﬂ | Biganibheabidnd aRRtue! It%&edmn)arﬁpmdzca i ons

are envi saged, Ich particular advantage y btained in
guard bed appl|CBFP§ﬁsﬁoﬁ°Feﬁﬁﬁlﬂﬁﬁ %E§Eaet yleng ired
conponents of a gas shraaffurghelri aspaclty ther present ipwenfticm ipoowideseed
condi ti oni ng pur

appl i cat i on, pargggupgplyknc%Egﬁﬁc %Paggpara%f%ga)[g éﬂ%dglééffﬂéﬁ'é§1a

i'ng conponents m xed gas
stream 15 aptadyialikcy swpportuiinall cadalinvtd cc GPPHRIRLOT RIRILSHt 0

the modified foagy ¢ ticular adva‘ﬁ%a'&‘:é SCiaHae oyt iH WARSH tHd L'(E@/ dre desired
to 35 perforn1t € process the I nventi.on i n such a manne
WD 96/ 16737 ceramic foams obtalned as above qqﬁugybgﬁbévf?talytlc

support in a conversion process employing temperatures
greater than or equal to 800°C, preferably employing
20 space velocities greater than or equal to 500,000
'N1/kg/hr, more preferably in a process for preparation of
carbon monoxide and hydrogen by the partial oxidation of
a hydrocarbon feed.
_ Ceramic foams according to the lnventlon may also be
25 ' employed in gas treating applications. Many applications
| are envisaded, of which particular advantage may be
obtained in guard bed application for removing impurities
or undesired components of a gas stream, particularly for
purification or feed conditioning purpose, or in other
30 gas adsorption or filtration‘application, particulariy
for separating components of a mixed gas stream,
optionally with suitable active components loaded onto
the modified foam. '
As hereinbefore mentioned, it may be desired to
35 perform the process of the invention in such a manner



- 12 - that inpregnating medium.is displaced during the. drylng

stage, tWOSSMAT3A gradi ent of inpregnant. Par t PEITERPS/04713
applications of such gradient nmay be foreseen in applications

i nvol ving catalytic reaction, 5 wherein distribution of catalytically
active material may be nanlpulatﬁg by neans of adoption of gradient
created by the inpregnant, or pﬁllcatlons I nvol vi ng feed

condi ti oni ng, S Q e ocities and
retention ti ek %q.’ %.nﬂaorle eagtitlre%“#&%% %%%%%ﬁ%n?grb?gagﬁ?xéﬂybﬁg st ream
passi ng throwgiaqehe to form # qgradient of 1mpr¢@n@m'd1 ngly in a further
aspect of the’ 'n‘Pea'Fﬁl%lar ap J,té]ﬁ!f‘odsg drocad% é’z?@szﬁa Ofe t €

catal ytic parti al at1on of a eedsto k, which
process 15 for Q§ﬁﬁﬂl%&ﬁ§HﬂiﬁQQﬁ%9ﬂfe%q %Rﬁmﬁ?%?%@t%ﬁerﬁ?ﬁFb%ﬁrbon
feedspock, anmhedreioxyigtribitaic of st £l yticaXygedct Dve materlapambpn

I t th f Q. 45 t ed
P ot R ol H o4 bt ot prpo bR eRe B
netal_select@@iﬁhﬁnxapnqgndnu,:ur in applidetijens othvolwbhg Sesported on a
ceram c foamg ed’ eéf'dsc)’%?d'iedrf‘ dde nef@[%ﬁfdpr féréﬁ‘tthe formof a

gradi ent as hereln %ﬁ) TON 1S now
i |lustrated Belesdideas amsihretentlon 1Gimes ﬁ@asémmea%lr% for Exanple 1 -

Prepgpation @fon@aoeﬁm@ idf. @nmxé&%aswmé@m pass:.ng throlgct@wgul ar
sanpl es (appEQX|nater X 4 x - alpha alumna foans with 30

pores per R3er e nodi fi ed by sol -inpregnation with boehmte sol,
(Nyacol A120) Accordiamglyy im solfiut thent aspedt 2Af ié dmvEHlibrbasi s and§a

30 f f

Foams vere f LEoEy ds }})QO%%(?AB F PIRaeRY P pi) AL il

60[err] C. Inﬁﬁé@ﬁéﬂpﬁh h Qﬁﬂrhﬂﬁ;QQRﬂﬁﬁﬁqunWQFQHIPrOCGSS i mer si ng
it, fsrst pa"cbh&br@.@‘ésafdo?fta%tflw% frddyy dd?nﬁrl‘l%lng the WRArd&dribdiours

under 0.8 at pher e vacudy Ies were transferred to a
rying oven WECRSEGEH ARRtL ARy Sy 3ol CONLaipigy PmAL an oxygen-to-
PCT/ EP95/ 047tarbon molar ratio in the range of from 0.45 to 0.75 at

elevated pressure with a catalyst in a reaction zone,
which catalyst comprises a metal selected from Group VIII
20 of the periodic table supported on a ceramic foam
carrier, wherein the metal is present in the form of a
gradient as hereinbefore defined.
The invention is now illustrated by means of non-
limiting examples.
25 Example 1 - Preparation of a composition of the 1nventlon
' _ Rectangular samples (approximately 4 x 4 x 1 cm) of
alpha alumina foams with 30 pores per inch were modified
by sol impregnation with boehmite sol, (Nyacol Alj0)
having a solid content of 20 wt% on Al,03 basis and a
30 viscosity of 10 cps. Before impregnation with the sol the
" foams were first impregnated with water and dried at 55
-~ to 60°C. Impregnation with the sol was then effected by
immersing it, first partly and after 2 hours fully in the
sol for 6 hours under 0.8 atmosphere vacuum. The samples
35 were transferred to a drying oven with substantially no




- 13 - of inpregnating mediumfromthe pores ang-ygpd n
dried at 55 t0983?§rr]c for 12 to 14 hours. After drying the i

sanpl es were calcined at tenperatures ranging froma800 to

1100[err] C for 8 hours. The foans were wei ghed before 5 nodi fication
and after drying and cal cinati-on. Sanples af 13 - the uni npregnated
al pha alum na foans with 30 pores per I nch were al so wei ghed,

cal cined at tenpaicaisiids inPiddiating medfunF il tite IO Lrddd *&Fe Bthenr s

Preparati on of 8 EdEhAT ITh B (06 ivend g 1+ nours> ARGE Mpving the

sanpl es (approxi rsmghest werk xal cimedfat temperqja.tzte'salrgng;iw@ifrmdSOO to

zirconia (Zr - Mj1HhdSy 2 H’éﬂ\.ﬁ{k The foaﬁ& &?*bé(% modi i ed
by sol inpregnation with ana al um na o) aV| ng a soI I ds
content of 13wt yFedifcationyange atfet@rs i ng \Arscto%alsgfntﬁtmyxcp%amk@ﬁ R hg
to the prt@f:eesm@:fpz@@mﬂe@ hlpHe aﬂqinsuy@rﬁaaﬁg gl Ny ﬁ&ﬂéé‘%er

| ant hanum nitrate solution to a cq | al unm pa

A120). The sanpl e’é‘q%er”eert%é’ﬁr%?ru %CQS # tCt‘*“‘F’er‘i‘t‘“i"bér 1”23%1&‘11

hours. After dryifir®nt 800 ap|1a00/ €a20 8 houmlmdlecbvaélglﬁrm&cmures

rangi ng fron‘110%&@%&5¥NgﬁM§dfgoég 8 hours. After the first
S

| mpregnati on sone caIC|ned at 600[err]C and then
subjectetil0to a s@@le 2 - Priepax f (& CONpOE f

mpregnation sol - Rectaf@ibiee gle%rl(%@:p%&ﬁ@t@l@edx 4o @ el cmd%fthe

same 25 . conditions .as ‘the foans and rewelghe foans were
wei ghed bef ore mB@Tticlivo s tad LS ZtFRF aandr - Mg t &lcifpampvith
Exanpl e 3 - Prep&taporesOper doighosigrieomorfi fiilerl ivw el dmpregnation with

Rect angul ar sanpl,e rQ X.4 cn) rtd
stabilized zirco i‘tﬁ"f?‘p %nr@r%a%oﬁga%%q]gn Socild?s Ibtoq’r@:g Qpée?l#'%t% on
were nodi$ied byoudldee@rmnsecam @uarisicosity of éxhrqn%sacx:qa:dirm hes it
titania sols prepgieddy Jihe le 1.0l 6SIsS a‘f
of 0.3 nolell. % oty o xﬁ Fle foans were |ed an #ﬁ%n§ﬁga g 450
C for wbasdhespyy nitrate solution to a commerc1al alumlna sol
PCT/ EP95/ 04713  (Nyacol Al50). The samples were then dried at 55 to 60°C
for 12 to 14 hours. After drying the samples were
20 : calcined at temperatures ranging from 1100 to 1300°C for
8 hours. After the first impregnation some samples were

calcined at 600°C and then subjected to a second
impregnation treatment. A sample of the impregnation sol
was weighed, dried and calcined to a gel under the same '
- 25 conditions as the foams and reweighed. The foams were
| weighed before modification and after drying and
calcination.
Example 3 - Preparation of a composition of the invention
Rectangular samples (approximately 4 x 4 x 1 cm) of
30 partially stabilized zirconia (2r - Mg + Ca) foams with
50 pores per inch were modified by the same technique of
examples 1 and 2, using titania sols prepared by the
hydrolysis of titanium isopropoxide, of 0.3 mole/l. The
modified foams were dried and then heated at 450 °C for




- 14 - 8 hours. Some sanples were subjected to a second

I Mpr egnagb9knésep thereafter. Surface area NepEHEPIERIIYS wer e
made by known techni ques for recording BET surface area. 5

The results for Exanples 1, 2 and 3 are given in Tables 1 and 2
bel ow, Table 1 giving % wei ght gain, and (by FE-SEM pictures) |ayer
t hi ckness. TABLE 1 - Wi ght egaild, -and i npregnat ed | ayer thickness

for conpositions of exanples 1 after calcination at 10 di fferent

t enper at ur es & OWshofioze samples wekmpsubifctRgitto a nsecend % wei ght
gain  Thicknt éahatlon stéﬁ)gﬁgyéafggfon wei ght of relative to
C .

| mpr egnat ed m (g initial melght ‘| ayer
mi cr on) Surfng 63 measurequﬁ§ were made Ly known 2.5
1/ 900 techhi@fies for recokding BET surféhé3area. . |- 1000
?1625 5 %%\e res% bfpféfgc?mples 1, 2 and /3 aroeO given J.ri3 65

PCT/ EP95/ 047T3bles 1 and 2 below, Table ljgiv1ng % welght gain, and
(by FE- -SEM pictures) layer thlckness

TABLE 1 - Weight gain, and impregnated,layer thickness
for compositions of examples 1 after calcination at

10 different temperatures for 8 hours. ‘
Sample of Expt |Initial % weight gain |Thickness of
no./calcination |weight of |relative to | 'impregnated
T (°C) foam (g) initial weight |layer '

' - B micron)
1 / 800 8.01 ' 44 2.5
1 / 900 8.09 | 44 2.3
-1 / 1000 8.25 | 41 2.0
1/ 1100 ' 8.65 40 1.2
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[err] WD 96/ 16737 | o

PCT/ EP95W®96118737 ' - 16 PCT/EP95/04713 1

Al um na washcoat stabilisation of a 30 pore per inch .

al pha-alumna/nullite ceram c foam cal cined at 1000[err]C for only
4 hours, as reported in "Preparation and - properties of ceram c foam
catal yst supports" by W 5 Twi gg~addé ¥T Ri chardson publi'shed in the
"Scientific Bases for the preparation of heterogeneous catalysts"

6th Inter natlon“allm&nﬂ)d'@ihﬁ%%t%m bsatiogsefoavdPnpore per lnGhNeuve

Bel gi um alpha—aldﬁiﬁﬁ/ﬁﬁﬂI&f@r@bfﬁm@@of&éﬁ]Eé@@gnéQOQEeibb@°Eor
hours the 10 itions of gP e 1, accor gﬂto t he |nvent|on

gi ve surface %ﬂreé%mo\f ‘f Wrerd %fr ted 5o t?ﬁ%@a Bion and gtgartjng
surface areapﬁopéﬁtiﬂsnmﬁf¢exhﬁiENEOSMIéat§lyst suppéﬁt@"ab§YMVO”pafab|e

W th he co e e SS,. sgverg.cond ns |
The corrp05| msgs%%?nglﬂel%ar s?lﬁepd%;f %%%%[%?r?ﬁe Sglen{:%hg 1100[err] C
gi ve favour alfases 0T itthe ipreRAratidmcel heterogemeausotabapustsal |y
stabilised zig@apnir S0 i LD Sym ympos i K &Qo&tb-geﬁéyaeﬁoﬁ%iﬁce ar eas
of the correspaondi ng dried and cal ci ned i1 npregnati ng sol
ExceptlonalIfﬁmﬂﬁ??ﬁnf%ﬁ%g as may be obtained with repeated
I][mregnat:on as IAf et redlefinindE@BE0 T and 1000‘7:_?6\1‘@1'_ > fetsélhouPse@l@él ation

of a,gata ys ent ed foam sanpl es’
accorglng to ‘f %¥%%éh f(%k%ﬂﬁl%ﬁlcfﬁﬁﬁﬁéaﬁplg b hn%%?ﬁk? | oaded

with give surface areas of the order of 400 and 50 times the

starting surface area of the unmodified foam. This is ‘
favorably comparable with the comparisonl calcined
under less severe conditions.

15 ~ The compositions of Example 2 calcined at 1000°C
and 1100°C give favourable stabilisation of surface
areas of a partially stabilised zirconia foam, when
compared with measured surface areas of the
corresponding dried and calcined impregnating sol.

20 Exceptionally high surface areas may be obtained with
repeated impregnation as illustrated in Example 2.
Example 4 - Preparation of a catalyst of the invention

The modified foam samples according to Example 2

but of dimension 11 mm x 4 mm were loaded with

25 catalytically active metal rhodium, by means of
impregnation with an aqueous solution of rhodium
chloride, having a metal concentration of 10 to 20%. By
weighing before and after, a suitable loading could be
determined, which was 5 wt$%$ of rhodium metal.

30 Example 5 - Conversion process using catalyst of the

invention
The foams samples modified according to Example 2-
{(calcined at 1100 °C) and 4, were loaded into an
autothermal microflow reactor for the partlal ox1datlon
-35 of methane, consisting of an elongate quartz tube,



25 ca | |y active metal rhodium by neans of
| mpr egnat i %ﬁltﬁﬁan aqueous solution of rhodium Ch|%(l;ll‘ e,ﬂoﬁg\?i ng a

nmetal concentration of 10 to 20% By wei ghi ng before and after, a
sui tabl e | oadi ng coul d be determ ned, which was 5 w % of rhodi um
metal. 30 Exanpl e 5 - Conversion procegg using catalyst of the

I nvention The foans sanples nodified according to Exanple 2

(calcined at 119@iheaihed atd ¥ bareidadigaflesbd rit0icl. Hydrocas®t her mal

m crofl ow reactqr for the tial oxidation 35 of net hane,. consjstin
of an el ongate gﬁngf“FSbé‘?‘%r oxygen \% g@%%;nperature were mixed in 0
PCT/ EP95/ 04713 05/C ratio of 0.5-0.65 mol/mol and led,l7at a velocity

mai nt ai ned at 3 _kar i Q. drgaad Hﬁp tt]%ngl d
oxygen at room P?ﬁé?’?hf%%?@m“@z&w 0t217eC rr%%clzrt()é%f . 5&25

mol / mol &nd | edaugethermaddit @t 950-110¢ °grodhe S0GeOUS RELLuent: masugh
the reactor opepak@¢sed on exdidighehEnldea o5 nd Medertd Grdheiwaseous
ef fl uent was , %nabysed on exiting the reactor, and results are given
in Table 3. in Table gy conparison purposes the conversion was repeat ed
using a simlar sizedrucomparicdn parpaseass atheasccrersiorstwad ivepdataad i n

Exanpl e 2, |oaded.with r i I . £:8S i ' nmpl e 4.
TABLE 3 %gl\g?a%plsg%qlé?r gg%%%@n“ﬁ“@dlf%%d@aﬁ\{/e%q‘# ?§ ec-
Area 1Q@ature stergingyfoam in Bxampl® 2, loadfdemiyly rhqdiung qetal 5

3.6 1020 a5 ¥@séribed in tkafple 4. (904)
5 (com 0.1 1200 85.1 ' 86.1

- TABLE 3
Example Surface | Tempe~- CH4 Conver- | Hp selec-
Area rature sion C% tivity %
m2/g °C
5 3.6 1020 93.2 91.0
(904) '
5 (com- [0.1 1200 85.1 86.1
parison) (904) '

As is apparent from the table, a surprising result was
found when comparing the performance of the catalyst of
the invention with a standard (unmodified foam)

- 15 catalyst, in terms of the temperature recorded at the
front of the foams. The beneficial lower temperature
observed according to the invention is indicative of a
superior performance of the catalytic metal, as is seen
in the conversion and selectivity obtained. |

20 This result was not to be expected, and represents
a significant advantage of application of the foams of
.the invention.



pari son) (904) As is apparent fromthe table, a surprjsfng

resul t Win6/16737 found when conparing the perfornmnce RET/ERISOEHBal yst of
the invention with a standard (unnodified foam 15 catalyst, in terns
of the tenperature recorded at the front of the foans. The
beneficial |ower tenperature observed according to the invention is
I ndicative of a . superi or perforh&nte of the catalytic metal, as is
seen in_the conversion and selectivity obtained. 20 : Thi s
result was not ?bmbeaEXB%EEQHmaBﬁasr@SF@SQP??rve d with, catgdivsteant

advant age otompplistagi 830 pbreéhpetoamehoflumina folale andl B igdtre WO

96/ 16737 / ER95 713

2016 °7  per inch martially stabilized zircomth. (XIMEl! Modhfied s
conpri sing eeceédengeto|E&ﬁmnlanznalnoaheapaoseSpopé Example @er i nch

partg al l'y S%HQfEiﬁegeégéEQQhﬁeéZétNHhe”?gbBte@f the modi@Q%pr%%ﬁfo Exanpl e

2, in the proce eratures at e front of

S ein
t he nDdlfleﬁaF%§¥§ts were E%F%F?@gszﬁgrécr WEte ng@o°?§?FY€¢|UhEP t han

observed w titmodified ficamslifi ed foans. Exanple 6 . A
sanpl e (of o fe’ 61 cm) of zireonia stabilized 10 al um na (ZTA) foam
with 20 por ch was nodified - according to the procedure of
Exanpl e 1, enplbysample (of 3@agudinkdlr emy ofiezircondahstebilimedsi on in
theg | aldRiganeEtAY f@&h%twor‘gokéanﬁéﬂ 1hen' B8sIn8L2% 1 ed

st age drai nage o | mpregnat i n diumtromt abo ut 37
Ut . according H?l%@efBéﬂ?%ﬂEr%anlﬁﬁﬂmpbﬁ érhsmpéoaengloo [err]C.

XPS reveal edacugh aghi£ivig ofhél 2ntva3 hasudevehnpedibn thethe =~  foam sugh

R s et I R T i
rhodi um f ol $tagegdrainage Qf]elmxem@mqmngfm&auml frdm the pores
15 was about 37 %wt.
The dried foam was calcined for 8 hours at 1100 °C1
XPS revealed a gradient of alumina had developed in the
foam, such that the Al/Zr atomic ratio varied between
38 and 65, compared with a ratio of 5 in the startlng
20 material. The foam was loaded w;th rhodium fqllowlng
the technique of Example 4. -
Example 7 - Conversion_br0cess_using_catalyst of the

invention
The modified and rhodium-loaded foam catalyst of
25 Example 6 was employed in a larger scale veréipn of the

conversion process of Examéie 5, in which feed was
preheated and catalyst was pre-igﬁiféd using methanol
and air. The results are given in Table 4. =
For comparison purposes, the conversion was
30 repeated using a sample of the édrfespdnding unmodified
foam loaded with rhodium metal as in Eiemple 4.



Exanpl e 7 - Ve YEieIsPN process using catal yst of the | ORISR

N

The nmbdi fi ed and rhodi um | oaded foam catal yst of 25 Exanpl e 6 was
enployed in a |arger scale version of the conversi on process of
Exanple 5, in which feed was "preheated and catal yst was pre-ignited
usi ng net hanol and air. The results-are given in Table 4.

For conparison purposes, the conversion was 30 repeated using a sanple
of the correspondi ng unnodi fied foam | oaded with rhodi um netal as
in Exanple 4. WO 96/ 16737

PCT/ EP95/ 04713 TRBLE 4 9.

TABLE 4 Exanpl e Conversi o CO-sel ec- H2 sel ec-

% tivi tivity % - - - . - 193.4
86.7 - 7 (p%’r?%(%‘rulgon) g0 pConversign pco-selecy, %32 %_elec
superior perfornpoce is apparent $hi ch indic _L‘{lty $ i Enh S

i nvention is highyy robust to varjigiigns in 93.4 Size %gnxﬂfied floam
enpl oyed, .and nofeoyer_in_. iformty p regnatl such t hg

i ndeed gr adi ent 5§ Y°°mPﬁﬁF§8ﬂ5tio€8cén be to %?agg .7 Fur t{her
applications -of fhe nodified foans which may posi |vely benef i
fromgradi ent inpregnation are - al so 1ncluded wthin the scope of

this invention, in : particul ar enploying a selected orientation of
the 10 gr adi ent Ansuperisaanpeefarmaoceeiarrpppamnh, makighmindicates

Al Zr atom c ratl gﬂ ﬁ%@hfionfignﬁlgﬂ@gafggust to va&%%%ﬁ%ﬁseﬁﬁanCEd

t enperat ure contr ec I VIt ¥ € envi sage
51ze of modlfled oam employed, and moreover in -

uniformity of impregnation, such that indeed gradieﬁt
5 impregnation can be tolerated. _
Further applications of the modified foams which
‘may positively benefit from gradient impregnation are
also included within the scope of this invention, in
particular employing a selected orientation of the
10 gradient in the Example 7, for example yith_maximum
Al/Zr atomic ratio at the catalyst front, whereby
further enhancedltemperature control and selectivity

r—l-

—+

may be envisaged.
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for the preparation of a ceram c foam supporting one or nore

I nor gani ¢ oxi de(s) conprising i mpregnation of the foamw th an

| npregnati ng phase conpri sing-tpe Lnorgani c oxide(s) precursor in
an 5 | npregnati ng medi um and dryi ng wherein the inpregnating _
phase has a viscosity greater than 1 cps at 20[err]C, and . wherein
drying is perfornmed w thout substamfilalA drdrS dr ai ni ng of

| mpregnating phase fromthe ceranic f oam 2. Process according to
claim1l mhereln the 10 npregnati ng phase has a viscosity of from5 to
80 cps - aProgpefr fer EP@f?F&E? agﬂopr@ﬁ 2 CersmigpLoam 3.

Process aCCOédpﬁ@rth@“bn@f o&hﬁxoa@eqa@r@ﬁnqlcaldﬁde(s) conialsBiny any

dr ai nage of L rom-t ores prior to drylng S
| ess than 609" %ABgygﬁe.&Eelgoam w@ﬁaﬁ%d%prp Stﬂ'f”é* S5 from 0% to
40% of t hat comprlslngtthéuaadrganlc ox1ﬁe(800@merunsnrwﬁnu;ﬂC)any of the

pr ecagi ng clgﬁﬁ§egnat1PP|ﬁQ§5 ﬁ88r8§ @%é?@f ﬁ%'f%%?fgéi

substantial |y |ng medi um pri th, 20 .
preferably apkase| hag Byvaﬁcpéa§v EGﬁ?tﬁﬁréhﬂpeﬂeﬁﬁﬁlpt 20°¢C, a@yyat | east

85% pr i or towﬂéi‘éﬂﬁ drying 1s5peErfeeﬁ\§a %ﬁ%ﬁb@'tn%ub%t%%tl%fl e ¥ eceding
cl ai s rein_a,gradien egnant devel oped” by
dellberateldeﬁHB%BG aﬁsbﬁaEﬁﬁﬁﬁ%IPﬂengﬁ %5°m tie6cerﬁﬂﬁ€é§?a§bcordlng to
aﬂy ?frﬁnhgf pzecelBroagessaagsBording tﬁmheaemnlt h:aleu:?]mnegg?tl ng phase |s |n‘
susghei on ofigregertind HReES foanplosbadisy o erdn' 5 ke BB ool 1 o1 of,
preferably o&taZQOClopreéergb&HIOSOerm 7i tor §&nicpsexi de precur sor
particles. 3, process according to any of the preceding claims
' wherein any drainage of impregnating medium from the
pores prior to drying is less than 60%, preferably less
15 than 50%, more preferably from 0% to 40% of that
introduced. |
4. Process according to any of the precedlng claims
wherein pores of the ceramic foam are substantlally
filled with impregnating medium prior to drying,
20 preferably are filled by at least 60%, more preferably
by at least 85% prior to drying.
5. Process according to any of the preceding claims
. wherein a gradient of impregnant is developed by
deliberately induced displacement thereof. _
25 6. Process according to any of the preceding claims
| wherein the impregnating phase is in the form of an
aqueous or organic solution, slurry, sol, gel,

suspension or dispersion of inorganic oxide(s)
precursor particles, preferably of a sol of colloidal
30 inorganic oxide precursor particles. '

* c L M S *
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- 21 - 7. Process according to any of the preceding clains
wherein the inpregnating phase is stabilised to attain an

i norgani ¢ oxide(s) particle size of less than 300 nm preferably
| ess than 150 nm nore preferably in 5 - 21he range of 5 to 50 nm
preferably is el ectro- statically stabilised or stabilised by
addition of a 7. Prome&gnmmcamdiﬂ@etoimmyegﬁathegpnedédmngndléhms

8. Process accorgding.{o ey %E? Qﬁfﬁggﬁ%sé' %"gﬁamll ed ve’aeaEkzalhhe

i mpregnating phase 1§ tré content “of 2rméfgani c
oxi de precursor Parinerganic oxide{skapartiahe sboenaf bﬁéﬁetabny gr eat er

than 150 nm 300 mﬁvrﬁr@f@;.@égplyegg egheh {58Mr) Ri8}e ﬁfte?éi‘ﬁBh? by
means of _ul trasound rocess accordln e preceding

clainms 18 ViR T 3nIRcOHr P kP | I rBn P ERE ?ﬁ%?b&n¥§ B%?GErﬁrecursor
is in the form dtacLedeIenétail isedhesenstibidisedtbngaddition 6f &he

ceram c foam 10, P cCco f ecedlng cl ai s
wherein the part?%&Y@eﬁr?E E%%reg af%ﬁﬁ%ﬁg%é p?@%%§8%§8269£ is in the
formof a hydrogdl. Process alqconﬁm%o aanryraf nghe ccregeding helpirsedi ng
cl ai ms Woed £ xf‘&{ﬁ’é ?H&@e | Bs C@?éé‘ﬁé&rtéeﬂﬂﬂmf e

y equa o1lts

gel ling tlne substantlal time or
conbi ned% npr egndh¢ riePRFRAErYF n’d“QFWl‘QBOdee HQeCW%%ésEa’é’ééﬁ% ng to any

of the prfcedl Ny £t &5 than 300 erqubﬁéﬁbwr@@ﬂ&éﬂgthEsﬁaﬁnﬂ solid
content o

r eat n 5 w%_ prefer of betmeen nd 40 wt %
13. Process accd?%ﬁ%g}”f %F'EP ‘-{‘?'Fea'bgrectetb?rhgﬁg %‘F‘msfor iﬁ'ﬁ ¥in the
ceram ¢ foam i s msars icEdibfrasdumh. 30 ~ tenperature stable ref ractory
oxide for exanplg | f titania,
zirconi a_and (part | aﬁ yci s{%b&lccf zecﬁ# r?g)gﬁeéh@ pfééé&fng aé carpi des
nitridesdand m Mhersin Hreoiried lmpreqnat¢ﬂ(k%ﬁ%ﬁ%ﬁkﬁﬂQﬁ#@FtEﬁ%@HI%ﬂrthe

preceding clai N B35 n the WE¥RIdE the-d e € cﬁ:@aiﬁé&%ﬁeﬁ@rfilﬂﬁléda@fng
herein

of the ceramic foam._
10. Process according to any of the precedlng claims
wherein the partially dried impregnated oxide precursor

20 is in the form of a hydrogel.
11. Process according to any of the preceding claims
wherein the impregnating phase is characterised by a
gelling time substantially equal to its drying time or
to the combined impregnating and drying time.

25 12. Process according to any of the preceding claims

- wherein the impregnating phase has a solid content of

greater than 5 wt%, preferably of between 7 and 40 wt%}
13. Process according to any of the preceding claims
wherein the ceramic foam is comprised of a high

30 temperature stable refractory oxide for example
selected from oxides of silica, alumina, titania,
zirconia and (partially) stabilized forms thereof,
carbides, nitrides and mixtures thereof.
14. Process according to any of the preceding claims

35 wherein the ceramic foam has a tortuosity as herein

I



- 22 - defined in the range of from1.1 to 10.0, preferably =~ .
1.1 to WOIRGBe preferably from1.3 to 4.0. 15. PEDEBRYN42Bcor di ng
to any of the preceding clains ‘ wherein the inorgani c oxide(s)
conprise one or nore 5 cations selected fromgroups IA IIA ITI11A and
| VA of t he Periodic Table of the El ements and the transition
-nmetals, preferably fromgroups |A, T18A TIIB, II1A - [11B, IVA

| VB, VB, VIB | d._th ani " nore_preferably from
o num T ARERBRY by §pR"2a00E o Lfrﬁ"“ha"g‘geui PLAv e R IR et
zirconium 1.1 to Sefi,umprei piefieraipd yafiiamml.3 to 4.0L6. Process
according t0130ypebcbls BEEEPHIAG TPy of the g%%re%iﬁ&p'kela%%g ds content

'of inorganic oxide precurs at1 ng ‘phasée 1I's enhanced
by neans of gggerem thel aﬂpﬁgapﬁ%mm(édsuqv@nméa:meemr impxehe precur sor

2‘; a{s I n]orgaeaﬁlansdeteqe&méusg&gnﬁgfz*oru@ts qay, i qrxpas 1112 and GWA r&ﬁd in claim
err] a co cati.on_a efin |
preferably gg@o%& rigfig,Ta ab1e”ot %%ﬁw%ﬁqmﬂnts anéiégf7 Gatsidd®Mccor di ng
to any of thmepedsgdpmgfelrabdy from groupesr gAp abB;atIaidy;t iITH,l VI A, ve
conponent is%tggregqgtquBé Vg V%% t%%IEPO%Q%Q'%ﬂ@“t & onto the ceramc
t

foamor is 2 ont0’t hé “iorgani ¢ oxide supported ceram c
f oam lamghapndséssmeceopaeﬁgrabIWIérwmqalmm@meumnthanthanum,
catalgytical | yiaghiug, CﬁHBﬁE%EthOWEEk%%& A sTBY@onQ" 2irconiumdf €CUrsor of a

- metal selected from G ug VI Peri'odi ¢ Tabl e 'of the
El enents, prEPEFBY yRigPibmeand barlumfron1ruthen|un1 rhodi um pal | adi um
osmium iridiem Redcess accorﬁahgnuﬁlaﬁ?refpth%eb&bbbdﬁh@dbuﬁhm@|atlnUWla'a

o o B a8l aB8, BbEehE TR LBRRRRLe Rt MRS %0

in the impregnating phase is enhanced by means of

15 including in or increasing the content in the precursor
of an inorganic oxide comprising a first cation as
defined in claim 15, of a second cétion as defined in
claim 15 of which the 1norgan1c oxlde precursor is
characterised by a higher dispersion capacity in the

20 impregnating phase, preferably a second cation is
aluminium.
17. Process according to any of the preceding claims
wherein a catalytically active component is impregnated
as the inorganic oxide onto the ceramic foam or is

25 impregnated onto the inorganic oxide supported ceramic

~ foam. '
18. Process according to claim 15 wherein the
catalytically active component comprises a metal or
_ precursor of a metal selected from Group VIII of the.

30 Periodic Table of the Elements, preferably selected
from ruthenium, rhodium, palladium, osmium, iridium and
platinum, more preferably rhodium, platinum and

iridium, _
19. Use of ceramic foams prepared according to the
35 - process of any of the preceding claims in gas treating,

T F O
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- 23 - Wogs’lgggorptlon as a catalytic support in a cat alﬂ'ﬁ/i%gssmns .
conversion process or the like. 20. Use of ceram c foans according
to any of preceding clains as a catalytic support.in a high
pressure drop 5 conversi on process enploying tenperatures greater than
or equal to 800[err]C, preferably enploying space vel ocities

greater than or Sl ¢ 2,500,900 MDYPIc support Mre Eedryebty In a

process for preparatlon of carbon noxi de and hydro en by the
partial oxidati cFPRfEESHIRN Pr°°?®%r%a?%%nfp%%d 21. gPr ocgss for
the catalytic pag¢] afsexdflaterumid foams accoigitigcas bmnyf@écbrmkdiMi ch

process conpri sesl‘_:ue{%I as, %oir;%%#%‘gg? éﬁ&lrgomr Slll.{-'&lx%l? Qg,?{.gcaf

f eedst ock, gas at an®o o- car
nolar rasio in t¢mnvewqgnmﬁpf¢¢ﬂ§$)emplethBt%mperaturesegé%%§%ﬁ b?%%sure

wth a catalyst \p guieactd Oéb@%‘e\}:referably"hé l&f‘iﬁé_}y aé@nprises a

nmet al selected from eri odj rted on a
ceramic VQkQﬁ%%&¢$eﬂre@%ﬁﬁeﬁnﬁﬁr@Frﬁﬂ%§ﬁ|E° $@geﬁ of f?ﬁg??ETn1
of a gradient asphes gprdedeawlgein nedorocess for preparatlon of carbon

monoxide and hydrogen by the partial oxidation of a

10 hydrocarbon feed.
21. Process for the catalytic partial oxidation of a
hydrocarbon feedstock, which process comprises
contacting a feed comprising the hydrocarbon feedstock,
and an oxygen containing gas at an oxygen-to-carbon
molar ratio in the range of from 0.45 to.0.75 at
elevated pressure with a catalyst in a reaction zone,
which catalyst comprises a metal selected from
Group VIII of the periodic table supported on a ceramic
foam carrier, wherein the metal is present in the form
of a gradient as hereinbefore defined.

* ¢ L M S *



