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I NVENTI ON 5 The present invention provides
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sealing means for reactors wused in the production of
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nmet hod of sealing catalytic nonoliths into.the *G00002*
refractory |ining GEACTOMGERARNG METHAMHE sane in

the gas phase reaction of nethane and oxygen to form
syngas. 10 It i.s known that cerami c foans are used as

catal yst support SACKGROEN F ' use of

hi gh t hroughput and sel ectiv[igf%)/;.: %%?’ﬁ‘éﬁ “type of

the ceram c foans which have open interconnecting.

I'I's, ) : d f t - tact-ti ,
Feact] on B LGRS B RlacET Ve, Shalns meemafres reaciors
RUE{Ne0 | [ : th ,
Wi X VtBE Prod\ySHioPOsih 8L ARl @Q‘ﬁ%b;ﬂ@&%@&gﬁ#@%me

anmmonia wth oxygen, ‘and” oxi dative

‘al RatHedlany tthisdrygelion isbinettetite shaves| anemivkdasiasathg catalytic

S j ransfer, .mass transfer and high
oi'rSopfhs 188nt 1EPS-Ev iR 4 ffBace niaing iessare in the gas
Paptiest- readtis e at hithans Wil ok oAt < or

granul e-type catal ysts. Sui tabltgfgﬁﬁgégsn%tgﬁd. si zes of

these catalysts are readily available for a

partic r of, chem cal reaction. In these
si t uat itﬁlt)%sifﬁc%('ﬁe; t"faéaqggagllq fjRre used as catalyst supports for

ghemical reactions because of high throughput and selectivity. Monoiliths, a
type of the ceramic foams which have opeh interconnecting cells, have been
used for short-contact-time reactions such as syngas production from
methane with oxygen, hydrogen cyanide produétion from methane, ammonia
with oxygen, and oxidative dehydrogenation of alkanes with oxygen.
Monoliths have advantages of superior heat transfer, mass transfer and high

effectiveness factor in these types of reactions.

Packed-bed reactors usually contain peliet- or granUle—tS/pé cataiyéts.
Suitable shapes and sizes of these catalysts are readily available for a
-particular type of chemical reaction. in these situations, the leakage fhrough
the gap between the catalyst and the tube wall that contains the catalysts is |
minimal due to the large L/D geometry and the random packing of catalysts.
Also, this random packing provides flexibility of thermal expansion for
-exothermic reactions. in gene‘ral, packing methods are eétabiished for shell
and tube type packed-bed reactor. However, monolith reactors often require

different configurations.

Monoliths usually demand small L/D geometry to provide the short-

coniact times necessary for reactions to occur, and have jow dimensional
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the gap between the catal yst and the tube wall that
contains the catalysts is mninal due to the |arge
L/ D geonetry and the random packing of catalysts. 25
Al so, this random packing provides flexibility of
thernal expansion for exothermic reactions. in
general , packing methods are established for shel
and tube type packed-bed react 8r. However, nonolith
reactors often require different conflguratlons 30
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n&fﬁ%?'téats b PEAIUGiS.y i f there are fast streams 10

of reactants and products. Prior sealing methods

catal ytic nonoliths usually rralglle use of .dc.er.am c hf elts
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al um na, Fica, um na- si i ca,
orreadoonlmaddltlde eeranmio pusiesutrmpisiAg Bithmafl 8liita, alumina-silica,

f O2|rcon|a maygnesm or boron nitride are coated onto a ceramic felt followed by
curing at elevated temperature. Even though the gap can be minimized by
précise design of monoliths or filling with additional sealing materials, the
difference of thermal expansion of each component can CaL_Jse leakage during
operations at high temperature. Thermal‘gradients existing in both axial and
radial directions can develop the gap even more. Also the temperature

cycling caused by turn-down and start-up may create more leakage problems.

The leakage causes a-bypass of reactant and eventually a low yield of
product. From a process point of view, any leakage will be a burden to the
overall process and can result in the need for additional processing steps
such as separation, purification and recycling of gases. For example, the
leakages of methane and oxygen in syngas production cause serious
problems with subsequent separation processes. Accordingly, it is an object
of the present invention to provide an improved sealing method for a catalytic

monolith into refractory lining to prevent leakage of reactants.
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curing at elevated tenperature. Even though the gap
can be mnimzed by precise design of nonoliths or
filling-with additional sealing nmaterials, the

di fference of thermal expansion of each conponent can
cause | eakage during 20 operations at high _
tenperature. Thernmal gradients existing in both axia
and radial directions can devélop the gap even nore.
Al so the tenperature cycling caused by turn-down and
start-up may create nore Ieakagg problenFi Thelleakage
causes a- bypass of ctant and eventua a | ow
yield of ngprodué%hﬁ@fﬁﬁ{5)%ﬂ$ﬁ%§§V§UﬂW@Nof vi ew,
any | eakage will be a burden to the overall process
and can result in the need for additional processing

st eps Bipresens gpantion orovmas ifén @ addthod forcba=fiyd texdtor
| eakages of methane and

s BfdEa TR Foret SHAE g ndte oapsuens a catalytc

Wm@n@ﬂh%ﬁ@%ﬂbc&ﬁ?ﬁﬁﬁb'lﬁ‘?h@rré’&&%?es Accordingly, it
is an object 30 of the“present invention to provide an

i nproved sealing nmethod for a catalytic nonolith i gto
refractg I|n| to nt | eaka e of reactants.
SUMVAR F&i\‘/ﬁﬂﬁ‘?’bﬁ’% pyPydsstfor ﬁ\mﬁﬁhpeﬁor lmprovmg the

Ei??;"p‘?'?i.@ynb"ﬁ%&'?ﬁ?tﬂgféé?‘?f’???h“i%rﬁ EEAEI gt i
8

e@gp erd eatabtialmyendalith mqlmelfnabtcayldinmgfm dloé oeactor.
lining in the reactor. The present invention further
provides for a nethod for inproving the efficiency of

reacti @revions&eﬁaﬁ@%h@th@dﬁwm%@%nmdw tl6H) 115 ngébﬂeit\ﬁeen the
-carriers in between a catal ytic

aﬁ@omféw apd defractopy lrfgng prieventleaker Homever deskagmsataused by ,
R A B! P RO BT e Sc g
Hébe lang teFraarableigh &erapdratyre operation of the reactor. The methods of
the present invention provide for using'packing materials, termed the carriers,
which proVide the same or similar catalytic activity and carry out the same
desirable reactions as the catalytic monolith. The carriers.will provide a higher
.pressure drop than the catalytib monolith materials which will cause less

reactant to flow through the layers of the carriers.

The present invention additionally provides for a method for sealing a
reactor comprising depaositing a film o'f.catalyst on the refrai:tory lining of the
reactor. This will result in further reducing the sealing problems encountered
between the monoalith and the refractory lining. These films are metals and/or
metal oxides impregnated carriers or metals and/or metal oxides film deposited
on the refractory lining to reduce leakage in the reactor. This method is
especially suitable for monolith reactors that produce syngas by the partial
oxidation of methane to achieve a high yield of syngas while having less

leakage of oxygen and methane.
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di fferent physical properties of each conponent is

i nevitable, especially during 15 the |long term and

hi gh tenperature operation of the reactor. The methods
of the present invention provide for using packing
materials, terned the carriers, which provide the
same or simlar catalytic activity and carry out the
same desirable reactions as tHe catal ytic monolith.
The carriers will provide a higher pressure drop than

the cat Bhysealingmethidds ofithe predent Wvieatiowatd n6BeR¢ ckestve in
the layers of the

to fl h h. th ,
gg?%’ﬁ%‘f‘i"?gg\*ﬁé‘orﬁﬁ‘é@%v}% bliﬁto %hm diferndreacinas Isych as\aterss

; hod . i _ Lol -
dgéggi ting a thﬁléraégl?é% ta gtét gnét@heﬁf@égﬁétb% l'ini ng
ofdehygrogessadivor and bkishisrinktioesul t in further reducing

the sealing problems encountered 25 between the
nonolith and the refractory lining. These filnms are

nmet al s and/ or Bp@@pb@gfgﬁﬁpﬂ@@gﬁ@}&eﬁwm {

nmetal s and/ or netal oxi m deposi
refractory lining to reduce | eakage in the reactor.

Thi s hod.is .especially itable for nmonolith

Fenct or L% it S8 B opidhe e " '%aﬂfiurafracf@kyrjuwﬂgm the
of preeéhieiReehiforfRighaYIRtiRy tha9the beh Helle rea acto
hag/i_ng | ess 30 Iigak%ge@c_)f 0Xyg nbangbn@ﬂ%ﬁe.% r%]re Y
sd@inghgnedhe sataldic mheolithds dreing fileenwittonatlytionadrrioninaterials.
effective in partial oxidation reactions but also in
different reactions such as steam reform ng,

. ) i an,
oxi dative red)ERALETENESCRKYT RSN OF Thgqg%f%(ﬁkblq

dehydrogenation, and oxichlorination. 5 o
DESCRI PTI ON OF THE DRAW NGS The Figure is a depiction

of the PROGLLINeBMoh&th ELARY of I &%Sgrﬁt itnogntion comprises

catalytic carrier materials in the gap and additional catalytic films on the
refractory lining with the same catalyst or a catalyst providing substantially the

same catalytic activity as that impregnatéd on the monoilith.

The gap that is between the monolith and refractory lining is filled up
with catalytic carriers that have the same or similar catalytic activity as the
catalytic monolith. The carrier materials for catalysts for the present invention
can be shaped as pellets, granules, cylinders, monoliths, honeycombs or any
other types of catalyst supports. It is preferable to impregnate the catalysts
onto the carrier shell and not the pores to enhance the effectiveness of the
catalysts. The size of the carrier can be changeable and will depend upon
the size of the gap and the pore size of the catalytic monolith employed in the
middle of the reactor. The size of the carrier should be bigger than the pore
size of the monolith to prevent its-penetration into the pdres. Preferably, this
sizing can create a higher pressure drop than the catalytic monolith. The
pressure drop can result in less gas flow through the gap and better gas

penetration through the catalytic monolith. The increased contact with the
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present invention highlighting that the gap between
the reactor refractory 10 lining and the catal ytic
nmonolith is being filled with catalytic carrier
materials. DETAILED DESCRI PTI ON OF THE I NVENTI ON The
i mproved nonolith sealing of the present invention
conprises 15 catalytic carrier materials in the gap
and additional catalytic filns®n the refractory
lining with the sane catal yst or a catal yst providing

suctfﬁabmd; iagkhts inhie istarier ofathal MbhelitAGards )| ﬁ‘ﬁpr*obétthe yield for
regnated on t e nmonolith. The gap that is betwee
t e g

terﬁ‘da?fQ PE?ractoryllnlnglsfllled up - 20
with catalytic carriers that have the sanme or simlar
catalytic activity as the catalytic nmonolith. The

carri erThmtameaInsatbnalsaﬁnad)ey&tajeff@cbmtér%/ ﬁrc%?gj?matenals such as
|nve tion can be shaI%ed as pellets, %ﬁanu es,

cyMPHIR PE Cendime mategalsn oths Bsitdls ase salested e theygrosp
Ofcd‘n%‘is%ﬂnpsdf SRHRRRIAY St1tﬁhr'i1rﬁ Sdpaf! ﬁlﬁggl:, %gé@er’ rderﬂné\at The

the catalysts onto the carrier’s
po(PQIsntiQ)rT@hérmis are Beleefefdei:d:rrmee@euﬁfcohbl%trﬂﬁ of alumma zirconia,
i ze of the carrjer_can be changeab
SE! ?ﬂyla Ura@aaﬁaa FEINGFAING; lﬂOSt"ﬁatq;a@ndr@mm@amethereof.
size of the catalytic nmonolith enployed in the mddle
of the reactor. The size of the carrier should be
bi gger Thraparriess pan de formed bl artyesuitabis ptdtekeepeayeat

f bl t hi
o DOREE R, LR Rind oY, ABing pE0te g The carrier of the
c ybrabyht invemtisH Wity prEE%ﬁQv %}rﬁ%‘b% LR %95% theRYtout Bo m?

| ess gasflowthrou%‘ etter
pd?f‘é’tg*a'tni dMotenpeaigra )héh@auaflage laoearrsm{ﬂ»oum toTétﬁout 10 m? per

cat al tlc agents in the
AR oFle BRARAE sl heiin 53 forphfn R lowepgroupanaterils
f dhat arleeahsie% waithsentl ieCshivete prlifbés‘é%hbﬁfon%aérﬁf i@l Garbon
C be.made from any strong materials such
afgrmatron accompanying the reaction. The reactant ﬂow even if it is limited
by the pressure drop through the gap, will still result in the desired reaction.
The amount of the catalyst on the carrier can further be adjusted to maximize

yield while minimizing leakage and carbon formation.

For better sealing an additional thin catalytic film is deposited on the
refractory lining. This catalytic film is formed by any suitable pro_ced_ure such
as impregnation, adsorption/ion exchange, precipitation, painting, spraying or
slurry coating, followed by the catalyst activation step. The same or similar
catalysts to those that are on the carrier can be deposited on the refractory

lining wall where the monolith and the catalytic carrier are located.

The metals used in the catalysts are selected from certain transition
and noble metals of the Periodic Table of Elements. Active metals can be
selected from the group consisting of transition or noble metals selected from

the group of nickel, cobalt, iron, platinum, palladium, iridium, rhenium,
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5 netals or ceramic materials. The netals are sel ected
fromthe group consisting of alumnum titanium
cobalt, nickel, copper, and iron. The ceramc
materials are selected fromthe group consisting of
alum na, zirconia, silica, alumnosilicate, nagnesium.
al um nosilicates, and conbi nati ons thereof. 10 The
carriers can be fornmed by any stitable processes such

‘as nolding, pressing, extruding, spray drying or die

st autpemigm, ThediaaT, oisefiu®@f arid€omd)i ' ti ]

tygi cally have a surface area ofr@‘lﬂgishtsS tpﬁgeﬁﬁ.aﬁ%ﬁe%b%e metal
pe at@ﬁ/ghﬁs MBHBIMr ef erabl y, the surface area i s about 1

to about 10 nm2 per gram The preferred carrier

materials are non-porous or |ow porous materials 15

t hat arehaliberd i3 an Hlstratith bhtheSeNREAL fPl"\/@ﬁf?ér?includin% catalytic
condi ti onsdl_ﬂ_ged t he carbon formation acconpanying the

r eSRIIEESANn pihec elafnentssif,a syrgas productien réadtoredn thy partial
t hgyi e gap, Wll still result
| e RaRIEY B2 S R pEBicr S ipoaB ot ppteanated

oronthaluming pellatart drsmdlbretioti el ushashid Rad Bhade filled in the
| eakage and carbon fornation.

ield ile mnimzin
%@%P% 'mogéﬁpi”ﬁ‘ﬁg%%a&%@icﬁﬁim maiolithcaand wurina based
fi : i4e ; ract 1 ining. This
Caieﬁagﬁrgﬂfﬁ?@rﬁ-i A ol e mar RIS bl o s & sma step 4
suBHe r_a@to:‘y_ﬁynierm;dr‘?@ addﬁisnapt&hpﬁdﬁt@%u@r%‘%ﬂﬁﬁ( h(t)neycombs or
r i.tati,on, painti spraying or slurry coating,
1 o’ﬁﬁb&!&hsbﬁ F4as Parlis? cabiaide PRaPrliedon thdop and (e bottom
i GFitha : t carrier. .. .
ilan bgcgg'gaorgﬁ?ggéﬁgaaﬁ?%%lie rag@%ﬁ}cﬂ{rghi éuo&épy,%ﬁézragalync film
t Hecamabling Fhedidm iseoatadby the imasmialr ofthe rbRsebAflining by the

The.. ed i he catal ysts are selected from

cgr%"gﬁrga%frs%n ,"P?&ﬁog"g%mﬁagq éOWQPQIs of the Periodic
Tabl e of El enents. Active nmetals can be 30 sel ected
fromthe group consisting of transition or noble

met al s Lependiag uppsthe type of catalyst that is employed, the catalyst can
also be provided with additives. The addition of ceria to rhodium for example

is advantageous when the catalyst is used for the partial oxidation of methane
wherein a stream of gas that contains methane and oxygen or air is passed
over the catalytic monolith.- The composition of this feed gas stream varies
within.fairly wide limits taking account of the potential for explosion and

carbon formation. Typically, the molar ratio of methane to oxygen can be
about 60:40 to about 66:33.

The feed gas stream can also contain other inert gases such as
nitrogen, carbon dioxide, sulfur compounds and saturated hydrocarbons.
“Reaction temperatures which are employed are elevated and are preferably
in the range of about 600° to about 1200°C. The pressure of the feed gas

stream can be about 1 to about 20 atmospheric gauges.

The following examples are intended to further illustrate the present
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Thodi um.nitrate sol uti

the group of nickel, cobalt, iron, platinum _

pal ladium iridium rhenium 6 ruthenium rhodi um
osm um and conbi nations thereof. Preferably the netal
catalyst is rhodium The figure is an illustration of
the present invention including catalytic 5 carriers
and the other elenents of a syn?as production reactor.
In the partial oxidation of nmethane and oxygen to
produce syngas, rhodiuminpregnated onto al um na

pelniventor aod srealdt-itehded talintt therseBbe Jf aemvbngan. be
filled in the gap between rhodi umi npregnated

catalytic nonolith 2 and al um na based refractory

i i talytic nonolith is positioned onto

ei Ekg'?] gES ferf 261tep 4 1o in refractory lining or onto
addi ti onal supports, such as blanklhongyconbf.oa '

nonol i t hs .ceran.c paste 5 can al so be applied on

the top 5%@%@%&'&@@‘9 Bfamplesdaand gvereranaredabyicommonly

¥ rﬂﬁdw@ﬂ?é‘thﬁas.sﬁe‘ﬂi%t\}&é -c&’{eiaoﬂ?éol{)ﬁadbégeeq ﬁﬁ)tq%llmtb\iugmr@cured

Im 6 contalning rhodiumis coa

of fremea cefmmaercial pubpligmEdph trivmolivahad breldderditd @RS cells per
i on. 15 Dependi né_' upon the’ type

of SPUFTE G aFﬂéNe'Q'%efiﬁBP%%é,gr@ﬁ@- ca@eh onoftnwaslinsthe shape

b ' ik & ol t"\d%gn [ L f.,ceriat :

rﬁ(g)ﬂgéiﬁ gﬁk?ﬁbdggéﬁpl)l e siu'; a vgt-ng}?g\) eousth\gh(')éel‘snﬁlcﬁéségﬁglgi/?gt

is used for the partial oxidation of nmethane wherein

2t o BuRtefAtee i eS SReledSaraen anormion suph Twiweria

T e aopit 2%y FERnBE uR: RGPS, A Parige wit

exgfrtss isiieang wasardrtornfast ate 5Q7C foF\Bphaak ity airt RhddMiBY was then

;ggﬂﬁegéat%gtmg %hé Qe IS L8, maobn%ll{l%h gt?él’?’%att thodium
comprised about 2% by weight of the original monolith. After impregnation,
samples were then sintered at 650°C for 8 hours in hydrogen.: The samples

- were then stored in a reduced condition prior to their use.

Syngas from methane éhd oxygen was prepared using the catalytic
monoliths packed in Example 1 and 2 according to the following procedure.
First, a blank monolith wrapped with zirconia felt on its edge was inserted into
a cylinder-type refractory lining made of alumina. The inner diameter
refractory lining is 1.0 inches resulting in a gap of 0.2 inches between the
catalytic monolith and the refractory lining. Zirconia glue was applied onto the
zirconia felt to prevent any gap. While the Zirconia-glue was still viscous and
not completely dry, a rhodium loaded catalytic monolith which had the same
dimensions compared to the blank monolith was placed on top of thé blank
monolith, wrappéd with zirconia felt on its edge. And then zirconia glue was
applied onto the zirconia felt. Another blank monolith wrapped with zirconia
felt was placed at the top of the catalytic monolith followed by applying

zirconia glue on the zirconia felt. The blank monolith was added to help



25 The feed gas stream can al so contain other inert
gases such as nitrogen, carbon dioxide, sulfur
conmpounds and sat urat ed hydrocarbons. Reaction
tenperatures which are enpl oyed are el evated and are
preferably in the range of about 600 to about 1200C.
The pressure of the feed gas streamcan be about 1 to
about 20 at nospheric gauges. 308 The fol | owi ng exanpl es

are intended to further illustrate the present 7
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met hods. Ceri a wash-coated zirconia based nonolith was

procured froma comrercial supplier. Each nonolith

had a CcEhé cdeamgid monbiith%erfgldy@dnREx éfzewEE%*ﬂ%&é}%d usihg the
e

hed about 2.6 granms. Each nonolith was I'n"t
€ Phpcede as thBbat Erampiad exsephthdit dretas nbyzigdoeit felt at
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bymaeoiihtanaf refleetaryiligings iveaats iin rAbdisn

: cerl a sintering was perfornmed at SSOCP %%tﬁ’(lc)jur tWQ
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15

?fﬁodl umwas then inpregnated onto the ceria
coat ed zirconia nonolith such that rhodium 15
conpri sed about 2% by wei ght of the original nonolith.
Af t er 'WWUWE was @I@&&ﬁat’\@feetob% PeBSHSH At T each monolith

hours i n hydrogen. The sanples were

fo
.st 6‘1’ 0g tf'ﬁ Parfadlprdaticroiednersrrepisnaperaturehel gas:mxture of 3.25

Wﬁ%l flfe%n(r‘ﬁ%tagﬁrré% AR, B P61 ndfiragazsnd ? 75 Inrc]armal fiters of

cat al
oxygen was caused to travel under a pressure of about 1.5 atmospheres over

each catalyst. 0.5 normal liters of hydrogen was added to initiate the
reaction. Analysis of product was'accomplis_hed by an on-line gas analyzer
combined with a fine oxygen analyzer. The results of the analysis of the
products from each example are set forth in Table 1 below.



20 monol i ths packed in Exanple 1 and 2 according to
the follow ng procedure. First, a blank nonolith
wrapped with zirconia felt on its edge was inserted
into a cylinder-type refractory |ining nade of

alum na. The inner dianmeter refractory liningis 1.0
inches resulting in a gap of O.% i nches between the
“catalytic nonolith and the refractory lining. Zirconia
glue was applied onto the 25 zirconia felt to prevent
any gap. Wiile the zirconia glue was still viscous and

not I « & rhaodium |l oaded catal ytic
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felt—The bl ank nonolitlhh was added el p| 8
axial heat |oss and to provide mass distribufion
during the partial oxidation process. This catalytic
nmonol i th was enployed in Exanple 1. The catal ytic

~ nmonol i t Wisipihey el 2 Dr red using the
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“oxygen was caused to travel under a pressure of about
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each catalyst. 0.5 normal liters of hydrogen was added
toinitiate the 15 reaction. Analysis of product was
acconpl i shed by an on-line gas anal yzer conbined with
a fine oxygen analyzer. The results of the analysis of
the products fromeach exanple are set forth in Table
1 below. 9 Table 1. Conpositi®ns of syngas prodyeh hyise
partial oxidation, of nethane Exanple CH4, % 02, PPM
COAMMBR2, % CO2, 1 2.8 2400 31.4 62.5 2.6 2 2.5 15
31.9 63.0 2.8 5 Wiile this invention has been
described with respect to particular enbodi nents
thereof, it is apparent that nunmerous other fornms and
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wthin, the true spirit and scope of the present
g3 batyean a cotalytovmonplith and thevsfractory liring dwving a catalytic
sealing a reactor having a refractory |ining used for
filmedepositéddhemondh sajch teecten wherain rsaid catalydicrozarrier material
catalytic carrier materials in the gap between a
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catalytic filmdeposited thereon in said reactor,

W8 catdlytRaidnefhal ytic carrier material is a catalyst
g has” t he sanme or substantially the sane catal ytic
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material carries a catalyst selected from the group consisting of nickel,
cobalt, iron, platinum, palladium, iridium, rhenium, ruthenium, rhodium,
osmium and combinations thereof.

3. A method as claimed in claim 1 or 2, wherein said carrier is a metal
selected from the group consisting of aluminum, titanium, cobalt, nickel,
copper, iron and mixtures thereof.

4. A method as claimed in'aﬁy one of the preceding claims, wherein
said carrier is a ceramic material selected from the group consisting of
alumina, zirconia, ceria, silica, aluminosilicate', magnesium aluminosilicates,
a combination of magnesium aluminosilicates-aluminosilicate, and mixtures
thereof.

5. A method as claimed in any one of the preceding claims, wherein
said carrier comprises a shape selected from the group consisting of pellets,

granules, cylinders, monoliths, honeycombs, and mixtures thereof.



2. Anethod as clained in claim1l1, wherein said
catalytic carrier material carries a catalyst
selected fromthe group consisting of nickel, cobalt,
iron, platinum palladium iridium rhenium LLOYDWISE
rut henium rhodium osmum and conbi nati ons thereof.
3. Anethod as claimed in cla'llh1 or 2, wherein said
carrier is a metal selected fromthe group consisting
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and m xtures thereof. 4. 'A nethod as clainmed i n any
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a ceramc mater| fromthe group consi

£ alum ' ' ceria, silica, alumnosilicate,
ﬁ%@%@éﬁﬂhﬂ%?ﬁﬁ¢%§§$F$%ates, a conbi nati on of
magnesi um al um nosi | i cates-al um nosi |l icate, and
m xtures thereof. 5. A nethod as clained in any one
of the preceding clains, wherein said carrier
conpri ses a shape selected fromthe group consisting
of pellets, granules, cylinders, nonoliths,
honeyconbs, and m xtures thereof. LLOYD WSE 11 6. A
nmet hod as clainmed in any one of the preceding clains,
‘wherein said catalytic nonolith conprises a ceria
coated zirconia nonolith with rhodium i npregnated
t her eon.



