WD 03/ 024595 PCT/ CA02101382 1 _ 14 MAR 2006 A PROCESS FOR MAKI NG RARE
.EARTH METAL OXI DE- COATED M CROPOROUS MATERI ALS FI ELD OF THE | NVENTION 5 The
present invention relates generally to a process for naking a catalytic
met al  oxiY8P¢84t&Y ni croporous particulate material and r885Ké8ﬂ05$6ducts.
BACKGROUND OF TAE | NVENTI ON 10 Porouslparticulate material s carrying
catalytically active elenents are known in the art. These nat er ii 4l 4AR.2806
useful in many processes, such as treating petroleumcuts or treating
effluents, e.g., catalytically converting the exhaust gases emanating from
I nternal conbustion engines. The catalysts typically conprise a carrier
produced RypgdtafisNgom MBRAIRVSARE 2aRR BELA, oR¥SE CORTEY %MOREBQ%TATEQPALS .
carrier may assune various shapes, such as spheres, cylindrical extrusions
or extrusions having a pol yl obal cross-section or a cross-section of

e porous materials generally used are

various sh S

al um na, si-wﬁi‘cwq%oﬁ ke. These carriers generally have a

| arge specific 1€ ' a large
B SPhé BRRedf 8 9en ﬂrelat@ygéner%ﬁ§¥gc .Scests?opggd‘g%r%ea.

surface”area whi s rendered catal yTicall I ve by ting
catal yti Ca'c'ai’al?ﬁb in@akbdeRbatct hgicesporovapaicalatt enaetis] andrelatedi cal | y,
I npregnated into the porous material. For instance, U S. Patent 5,232,889
i s directegrbductscat al yst prepared by inpregnating a porous material,
preferably alum na spheres, with a colloidal 25 dispersion of a netal to be
deposited. The coll oi dal dispersion nust have a particulate size no
greater thg e _pore size. af the b terial. Wen the colloidal
di sper si on Hgakarya po+E5-—8 Mi er, the reactive surface
| ocatigns of th g1 : l‘;ﬁ?{“ b ' eahts t he net al
to be P@eposi te?ﬁ%?ﬁﬁfﬁgﬁpg@&%ﬁﬁgte | géﬁal}?géﬂ atagt%?eg, 040%%5e Is al so
directed tgn3dQd AptheanatTige angterislsarenteful Al masyqltoasssas,umichasor zeol i tes,
with a solution of SUBSTI TUTE SHEET (RULE 26) . .

treating petroleum cuts or treating effluents, ¢.g., catalytically converting the

D

exhaust gases emanating from internal combustion engines.
The catalysts typically comprise a carrier produced by shaping a porous
15 material such as alumina. Thus, the cén'ier.may assume various shapes, such as
spheres, cylindrical extrusions or extrusions having a polylobal cross-section or
a cross-section of various shapes, such as a wheel.
The porous materials generally used are alumina, silica, zeolites or
the like. These carriers generally have a large specific surface area, e.g., over
20 20m2/g, to provide a large surface area which is rendered catalytically active by
depositing catalytically active elements thereon.
Various elements are, typically, impregnated into the porous material.
For instance, U.S. Pdtent 5;232,889 is directed to a catalyst prépared by
impregnating a porous material, pfeferably'alumina spheres, with a colloidal
25  dispersion of a metal to be deposited. The colloidal dispersion must have a
particulate size no greater than t.he pore size of the porous material. When the .
colloidal dispersion penetrates the pores of the carrier, the reactive surface
locations of the carrier change the pH of the dispersion, causing the metal to be
deposited within the porous matgrial. U.S. Patent 6,040,265 is also directed to

30 impregnating a porous material, such as alumina or zeolites, with a solution of
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WD Q31024559-5 2 J4 MAR 2006 PCT/ CA02/01382 a primary netal acetate, at

.l east one secondary netal acetate and an organic depositing reagent such
as a soluble sugar, saccharides, polysaccharides, or " derivationsii MAR 2006
t hereof , WRE&BN?¥ or mi ng an i npregnated porous material. PRVCGA4&PI¥83N,
Canadi an Patent 2,033,291 is directed’to a catal yst for the conversion 5 of
nitrogen oxides in a high-tenperature exhaust gas. The catal yst consists of

a zeolite é??ﬁ’%ﬂi? Rietd] 3kétatcOht RhsPdm B ddry’ @] addide /AUrPORANR 5- 10 wt %

cerium oxi catal yst can be prepared éither by inpregnating the
zeolite wi tﬂeﬁ&iﬁﬁ%lﬁmt suihLds msoloblessugat, rsateharidebapolgsacvharidesylorat e of
cerium or it can be prepared by effecting ion exchange. The m xture is
then dried dedvatadms thetead} thetebyFoombgna impregpated papus materialhdis t hat

ot her elenments may form an aggregation. wth porous terial to produce a -
catal yti c naddifion) Capéﬁilap%ﬁ%%gé?ﬁeéﬁ]lsﬂf@m&%? Seﬁ,ﬁﬁg@'&@cd’i“? P to an
adsor be t hat. exhi bit.g an excell ent 0 L = | &

oxi des. r]'\{I'heo B’é%ﬂ&?é’n‘?’ﬂﬁs%mo%ﬁ@a%“@e@ﬂ%r é%(aggggaes?bg#é é%ta%'i 53%%‘%%3’@‘ of
ceriumoxid gﬁo&i : fs =Co0) ' s TPwi%adephirgt 1S
in the ranggccg?gf % t 8‘%6&?2?\%3?%%'}%%%58%2%%%g&tugtﬁlaslmgqlui val ent u\fgeol ite
and cerium gxidée Tantataltyst daneb akseinditties byddeprégoating thexdeoliée with aver i um

oxide crystallite particles and zeolite particles of dealum nized ZSM 5
zeolite, whaqeioustshdutiey ofamidsatee halideten 4 sulfatp oftcennas ozitcasob®ri sed of 20

“pol ycrystal |l i ne aggregates having an ayerage crystalline, grain si of |ess
than 5001 ARFERAT égfg@@;g JaREXcBANgen Far%xa‘%ﬁ then é@ecb%aé‘ celeedato

adj aceniiD to Osghéa(ges of the zeolite particles. There are several patents

t hat di'st o%%“ se of a catalytic coating on a porous netallic, or

simlar, supporthehddaness SBe ik ol TembhiS mBAFG aB2ggrdRfoR12

relates to the adsorption of- one or nore catalyticdlly active oxides onto
hi gh surf aceithiaoas umterdal td peodmichnchtalytiormpieriahgFohmstatcal Y8 Patent i ng
iozvol ves ! hse,S(L)li,eS?%fis ?lir%gieldotio%?ll addsgrpboesﬁit ttha%%%x?baigshaé gxcuerlllie];? Luriﬂsc}/rbﬁgr? pe oxi des
ability for nitrogen oxides. The adsorbent can be made up, for example, of an
15 aggregate of cerium oxide and zeolite. The content of cerium oxide in the
catalyst is in the range of 10% to 80% By weight based on the total equivalent
zeolite and cerium oxide content. The adsorbent is made from a mixture of
cerium oxide crystallite particles and zeolite particles of dealuminized ZSM-5
zeolite, wherein the cerium oxide crystallite particles are comprised of
20 polycrystalline aggregates héving an average crystalline grain size of less than
500A. As an aggregate, the cerium oxide crystallite particles are adjacent to
- surfaces of the zeolite particles. '
There are several patents that disclose the use of a catalytic coating on a
porous metallic, or similar, support for the abatement of gases. U.S. Patent
25 4,900,712 relates to the adsorption of one or more catalytically active oxides
onto high surface area alumina. The method of preparing the catalytic coating
involves the use of a colloidal deposit approach to uniformly dope oxides on
'high surface area alumina. The colloidal dispersions are prepared by taking an
aqueous solution of a metal nitrate salt and converting the metal nitrate salt to a

30 metal oxide colloid with an ion-exchange resin. The colloidal dispersion of the

~ oxide is slurried with alumina, wherein the colloidal oxide particles are
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hi gh surface area alum na. The col | oidal dispersions are prepared by taking
an aqueous solution of a netal nitrate salt and converting the netal
nitrate salt to a 30 nmetal oxide colloid with an ion-exchange resii@ MAR006
col | oi dAY0 #3/83389%i on of the oxide is slurried with al unPERECARBIEZN t he
col | oi dal oxide particles are SUBSTIYUTE SHEET (RULE 26) 14 MAR 200B WO
03/ 024595 PCT/ CA02/ 01382 3 adsorbed onto the alumna. In order to nmaintain
t he adherepge t t : e ; R

mai nt enancgésoqrgédﬁl S%&%ur aceaqalrngéa}agfn%g&%lg%fgg?&? %@gggiiér)l% oXi de was
limted tocd)% bhake ZPoehsuRl ghinteikase df a Kiphishefatotrda @uthieval ent
al um na and Ag% ng oxide content. . 5 U S. Patents 5,431,887 and 5,556, 819
are dir ect gstalyst theadepiagoxided was linotedad 1éds/than ebour20%dy weight dbasedc

broil er snoke abatenment assenblies. The filter is coated with a slurry of
al uni na (zenithe totabg@tvaleatalyming apd dopBEFXI¢HEODteAb) and col | oi dal |y

gief Firgég rade. WiBrBanbrs 4 2E7 dnPeSet Y e dirkfie %Lﬁ%%%*a%ﬂi%:? e, as.
need for o bRRUER? RETRRh SR BroierbEBke Bbathet ssehiBle. he Ve "

metal oxi dﬁg@?gst Eshtéd GAMPPEIaHS dTalimny @eeliraney balusediot fa raixtard ef theof
| oadi ngs and obvi ates the shoitcom ngs of the prior art. 15 SUWARY OF THE
| NVENTI ON i) midselividaliy dispersedpenn] thescesia astihg@siatsngen ddwscdllidalaki ng a
stable catalytic netal oxide-coated m croporous particul aée materi.al for

use in t hedispexsiemeheerin was madeaisjpphighlsnperatures 198 exteaded peniads 9fi ons i n

hventltbon, tieRers SFeThed, ity AtorptoednE. BARRR . B0 10E Ut e e e earth
Tetal oxi de- coalpdduCr ARG QUS neBR TS £ PR (HA BFdvilied d Miabe regat er t han

20% by wei ght o e rtare eaf oxl de coated on outer surfaces of

the m cropgpRsgg BalK éalhlicanda! 6xide!coatdb@itroporduseattitwlhteemateralent rare
earth netal oxide and microporous particul ate . L
: with a variety of loadings and obviates the shoftcomings of the prior art.

15 SUMMARY OF THE INVENTION

The present invention provides an effective process for making a stable

catalytic metal oxide-coated microporous particulate material for use in the
‘treatment of a variety of gaseous and particulate emissions in different
applications. .

20 According to an aspect of the present invention, there is provided a
process for making a catalytic rare earth metal oxide-coated MiCTOpPOTous |
particulate material having greater ﬁzan iO% by weight of the rare earth metal
oxide coated on outer surfaces of the microporous particulate material, based
on the total equivalent rare earth metal oxide and microporous particulate

25  material content, the process comprising the steps of:
1) combining an-amount of a colloidal dispersion of rare earth metal
oxide hydrate with a compatible zhicroporous particulate material to form a
slurry, the amount of the colloidal dispersion being sufficient to provide,- when
heat treated as per step (ii), greafer than 20% by weight of the rare earth metal
30 oxide, the microporous particulate material having an average pore size of less

than 20A and the colloidal dispersion having a particle size of at least 204, to
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25 nmaterial content, the process conprising the steps of: i) conbining an-
~amount of a colloidal dispersion of rare earth netal oxide hydrate with
conpati bl e m croporous particulate material to forma slurry, the Shdlih 2®F
the col | Bi¥02¢R%per si on being sufficient to provide, whelfT/Rae018%%at ed as
per step (ii), greater than 20% by wefight of the rare earth netal 30 oxide,
the m croporous particulate material having an average pore size of |ess

than 20A angdctien ﬁi@rél%h(iﬁé cslﬂ&asr@iisg&smvdmeamﬁef firfdces of i of at | east
20A, to SUBSTI TUTE SHEET (RULE 26) 14 MAR 2006 WD 03/024595 PCT/ CA02101382

4 posi ti on hhespbroustpaetiadheanatatiakiiaager si on on the outer surfaces of the
m croporous particulate material; and ii) beat treating the slyrry at a
t enperature bel diy abobeat2eeting therduayab edempeturedhelewpbent 280°Conbi nat i ons

t her eof wherein the y is 5 peat treated,, firstly, .at,t erat ures -
bel ow aboutabRes adeyt gé@{;&,mrﬁq%gcg@&;man@@g@}eqegfw}h;rqxﬂéhq g‘%‘n&yﬂént rare
earth tal, _oxj.de,.angt f bE, | Gul ate
materi ap, - t5abpagica it AblnsTti AT R shob 200 G SREUTIRTARIET 20, 1y
aspect of tRg,PAOOR oMY BidtrballtanPFAE¥aRh et Bx{HeClrPbR! GUter fides Wiat e
material is a conpatible alumnosilicate. Mbst 10 preferably, the .

m cr opor oughafitiaporat e pamicelat@mataia, ogmosidebd rezdhiving. bulldpertiatilatg. t o

anot her aspect of the present invention, preferably the rare earth netal

oxide i s sel ect edicgarding tocangtharpspestxifdhe present wegtienpreferablythede

metals, yttrium scandiumand a mxture thereof, Mst.preferably, the rare
ear th et alMIGIARAIOPS PAIGHAAnAerialos  sampaiibie apapmasifeati Me¥e: of ¢ he

P ESe gl Sl BRSp G bafl 05 SRR LCTR A BB T 2 P O
s TV St ok o 0 Rt g e
si zes in tkerthanegal okide it aelbtedifeomrike gatup conssstimmof drades shlantharfide he
present | mxgleerglis??%u'i}ixhne, s?:larllj‘:{iaé zlms a ?rziaect[u% ?llloelr)éc’)ﬂ Most preferably,'the rare
earth metal oxide is an oxide of cerium. '
15 In yet another aspect of the present invention, the colloidal dispersion is
crystalline and has a pH of less than 4.2.
In still another aspect of the present invention, the process comprises a
- further step (iii) that includes milling said rare earth metal oxide coated zeolite
particulate material to provide particle sizes in the range of 1 to 25 microns.
20 In yet another aspect of the present invention, the slurry is, preferably,
heat treated using spray drying, tray drying, freeze drying, solvent drying, flash
drying techniques or a mixture thereof.
In yet another aspect of the present iﬁvention, the colloidal dispersion is,
preferably, dried to a gel and subsequently reconstituted in water to form the
25  colloidal dispersion used in step (i).
According to another aspect of thé present invention there is provided a
process for making a catalytic rare earth metal oxide-coated zeolite particulate .
material having at least 1.0% by weight of said rare earth metal oxide coated on

outer surfaces of said zeolite particulate material, based on the total equivalent

30  rare earth metal oxide and zeolite content, said process comprising the steps of:
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heat treated using spray drying, tray drying, freeze drying, solvent
~drying, flash drying techniques or a mxture thereof. In yet another .
aspect of the present invention, the colloidal dispersion s, r e éridAit 006
dried t V@ 0y8H5¥nd subsequently reconstituted in water tBCT6¥%¥£H@225
col l oi dal dispersion used in step (iJ. According to another aspect of the
present invention there is provided a process for making a catalytic rare

earth metal oxide-coated.zeql |t tq dﬂgﬁ | hepdhe Ath hadt 1. 0%

by wei ght of sai?ﬁ rarcémgbé?{ﬁg %ﬁﬁg@ﬁ%ﬁfﬁ&%@te _gé]ér Sﬁt er sur?}a%es of said

zeolite pa%&jd&'{-jﬂi&r@}é’@hﬁrai A& dedlite tpaetidulie megrial &) fitin $6lurey,e -earth
eo :

nmet al oxi de™an Ite content, said process conprising the steps of:

SUBSTI TUTE#SHEESuhReE fhe2B)lojdat didhRrsion beingGulificieat &opravidy, edvaibasg? i)

conmbi ning an anmount of a colloidal dispersion of rare earth ret oxi de
hydrate wi tieatedcaspeatsitep @i)zatdeastd Qarky wigrght of tag eare garthaneta) axies| urry,

t he amount of the coll oi gaal di s&ﬁrhsi on being suffici.ent fio %@/?Qg when
heat t¥ easaid zgolile padicyate majeriaihaving an 3VEgaes POfefigr £ 61554 e earth
met al oxide, ,5 sai d, z8gl i.L e _par tj Lal ' gnpore

si ze of Ie%dﬁﬁc‘glﬁﬁ@n‘%s}%ﬁé?@nygw dgﬁf%?g%%résﬁf%ﬁ}%gg%gé’? g?tailéi e size
of at |eas higk ekt saidahflercirfaeesl of salidsieelisd; @ndon sai d
out er surf}él}:%g%fgag)%?gﬁg@g?ﬁsgéﬁgld i ]5231 heat treati ngssai d slurry at a
tenperature bel ¢y abditht 2eMing snid Slurryt Atea temsparatime belove aboutt20016i @ oxi de
on said outer surfaces of said zeolite 10 particul tgshg?teri al.. to provide

a free fl ofixthebesiltanarare catthmetahosidemipid ouirssusigsener sadgeelitsor the
Cart h Hot ApatiHiRle coRea R BTNIAe a5 Nt SRR ER PR havi ng at | Sast 156
D 497 o Sl B B et ot of
e B3 894 Bkl 4 e S e ok o 1
hydrate wi phrtivutatopaitetibkhavdng at leaptl ¥ by weightrnftseid rare carth aretahoxidgr ry,
coated on outer surfaces of said zeolite particulate material, based on the total
15 eciuivalent rare earth metal oxide and zeolite content, said process comprising .
the steps of: ‘
i) combining an amount of a colloidal dispersion of rare earth metal
oxide hydrate with a compatible zeolite particulate material to form a sharry,
the amount of the colloidal dispersion being sufficient to provide, when heat -
20 treated as per'step (ii), greater than 1.0% by weight of the rare earth metal
oxide, said zeolite particulate material having an average pore size of less than
about 20A and said colloidal dispersion having a particle size of at least about
20A, to position thereby, said colloidal dispersion on said outer surfaces of said
zeolite; and
25 | i1) heat treating said slurry at a temperatﬁre below about 200°C,
above about 400°C to about less than 550°C, or sequential combinations thereof
wherein said slurry is heat treated, firstly, at temperatures below about 200°C -
and secondly, above about 400°C but less than 550 °C, to fix the resu]tanF rare

earth metal oxide on said outer surfaces of said zeolite particulate material, to

30 provide a free flowing bulk particulate.
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"the- anobunt of the colloidal dispersion being sufficient to provide, when
heat 20 treated as per step (ii), greater than 1.0% by wei ght of the 8@5?(32006

earth mpg@bsonxsde, said zeolite particulate materi al haytm%mméﬂh
pore size of |less than about 20A angl said coll oidal dispersion having a
particle size of at |east about 20A, to position thereby, said coll oidal
di spersion on said outer surfaces of sai zeol i{e' apd 25 ii) heat

treating said sAFPIIRE toYelaRatheraspect BoPEISEHT IIYEBROD, WK about 400C

t bout | .th 550C, o - ' | - <, Wh [ id

Surry i s R Eprass fhoRRRE el BRI BROB R Fliee DOCLS 057

secondl y. phfa1ALRihedfifaviid ol Ba& 1YY WaighCof sdidl cblitiml bRideatakdpnt rare
af oxi de out e ]

earth met on sail r surfac of "said zeolite particul ate

mat eri al , . §9 odrRuAMteLoPsdid eeolitepairticulatel thatesinl, itastdba thStRSIT| TUTE SHEET
(RULE 26) WD 03/024595 PCT/ CA02/ 0138214 MAR 2006 6 According to yet

~ anot her5 aspquivaleht cérproxidnand nealiteicontent iseibprasespeomprisingathgrstepsss for
maki ng a catal ytic cerium oxi de-coated zeolite particulate material having
at | east i9: by weight of said ceriumoxide coated on outer surfaces of

said zeolite panticulate. naterial d . . I ' cerium
oxi de and zeol i’[)e coﬁ?’Bﬁﬂm%ﬁ-P&"b?‘B’?Z’z? c@@%}%@glé gkgﬁrel% tggigﬁ&gb iﬂilte) .
conbi ni ng Any3 Rhaoéorﬁ?&ﬂhfe%gﬂiﬁa@:ﬁ_ L6 QAtcfal 66 FordaQRhig, theydrate with
a conpati ble zeolite particulate erial to forma slurry, the anount of

the col | oi gabusli shdeToloidae dipesdibh belrgnéufficient ey petevideyheherhhesat 10 treat ed
as per step (ii), greater than 1.0% by wei ght of the cerium oxide, said

zeol i 11 pareatediaaper stap §ii),@restan thag hi%aby meightoed the serimmypxidss saidhan about
208 and sal . colehial Sl Sagielon av 00, 8 bar el 17 8aRledl bBRC, 200
oL 5o 4 2 R S BRSPS ot R e
conbi nat i ssifi&eiRRéby, said colloidal dispersion on said outer surfaces of said zeolite;
and | '
.15 i)  heat treating said slurry at a temperature below about 200°C,
above about 400°C to about less than 550°C, or sequential combinations thereof
wherein said slurry is heat treated, firstly, at temperatures below about 200°C '
and secondly, above about 400°C but less than 550°C, to fix the resultant
cerium oxide on said outer surfaces of said zeolite particulate material, to
20 provide a free flowing bulk particulate.
| Yet, in still a further aspect of the present invention there is provided-é
process for making a catalytic rare earth metal oxide-coated zeolite particulate
material having at least 1% by weight of said rare earth metal oxide coated on
outer surfaces of said zeolite particulate material, based on the total equivalent
25  rare earth metal oxide and zeolite content, said process comprising the steps of:
1) combining an amount of a colloidal dispersion of rare earth metal
hydrate with a compatible zeolite particulate material having a pH of less than
about 4.2 to form a slurry, the amount of the colloidal dispersion being
sufficient to provide, when heat treated as per stcp (11), grea-x.ter than about 1.0%

30 by weight of the rare earth metal oxide, said zeolite particulate material having

an average pore size of less than about 20A and said colloidal dispersion
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wherein said slurry is heat treated, firstly, at tenperatures bel ow about
200C and secondly, above about 400C but |ess than 550C, to fix the
resultant cerium oxide on said outer surfaces of said zeolite pari#d‘@ﬁpa@@ﬁ
mat er i aWo @3022835provi de a free flowi ng bul k particul at e PEEACVHIE || a
further aspect of the present invention there is provided a process for
maki ng a catalytic rare earth netal oxide-coated zeolite particul ate

mat eri al vi.ng@gt%arhgl%zst- %‘g/fz %gf%?lgg%tgr | Ac,at?ié)t@sftﬁfnetn%?éﬁ}b <Rt @ rqdhde coat ed

on outer SHYf : e.material’) "based on the total
equi val entdit%ﬁgﬁgqrg%gg%iprbﬂ%ﬁlﬁa%g gesAddealeel asd content, said process

conpri si ng conbi ni ng an anount of a coll oidal dispersion

of rare earth ngjal hbmdratiagekidslanyarpaempertuedidow abaut 260PG@r e materi al
haying a pH of |less than about 4.2 to forma slurry, the aém nt of the
col | oi dal ghoyeatsiud #00RC noy seqhentinl semhiratms thereol yihexse g ¥d as per

ste ii), greater than about 1.0% 30 by .wei «pf the rar [ net al
oxt e, S hatdopatac imiy. & (EPG RS bRl PRt a0°C e e aRis, 3BRYE, 7o of

| ess than about, 20 n ai d |.1.Qi ' | ) I RULE
26) 14 NAR‘%D‘-BCE% @d%o%‘ %@@@W%%ﬁ@gggﬁyaﬁaﬁﬁﬁa%ﬁi C e-gs?i(f ze of
at | east a?a‘?thegﬁt% atrﬁcﬁgﬁ:i fah@Pial N8 rREYIde 3afrek floling dalk pattientitsi on on said
outer surfaces o spal zeolite; and’ii) heat treating said slurry at a

tenperature bel pyemistheiQRpect oflthe presontinvenia, the rarecrasth ingtalosads nat i ons

thereof wherein said slurry is 5 heat treated, firstly, at.t eratures
bel ow aboutoatedEndhel ovter sntfhse isdpdhe rangsnf about].Q to 13%, PHdCE Bant rare

at or i), the TpngR PREDANFD 0B DHyciE Respchof s ol bk R BhE M o pect

of the present inyention.. e earth netal oxide coated on the outer
surface isn'ﬁeFthoFfé %‘gg‘*d&’f‘ggg%@il.o to 75% preferably, in 10 the range

of about 20 to FPYMIPYn¥HesRipceasLthedpteldit ivimions thd velleidnl dispersiar ish
met al oxide and zeolite content. In 'still another aspect of the present
i nvent i on, pidparedotol oprédetetindyeel somirolies range of colloidal particle sizes 0f 20 to

- 504, 50 to 70A or 100 to 150A.

15 In yet another aspect of the present invention, wherein preparation of the
colloidal dispersion, having a predetermined particle size of about 20 to SOA,
comprises the steps of: '

- a)  mixing a base and hydrogen peroxide with a hydro]y;ablc rare
earth metal salt solution, yielding a rare earth metal hydroxide solution; and

20 b) adding a strong acid to the rare earth metal hydroxide solution to
provide the colloidal dispersion of rare earth metal oxide hydrate, wherein the

‘strong acid is capable of deaggregating the colloidal dispersion of rare earth
metal oxide hydrate.
In yet another aspect of the present invention, wherein preparation of the

25 colloidal dispersion, having the predetermined particle size of 50 to 704,
comprises the steps of: _ Ny

a)  mixing a base with a hydrolyzable rare earth metal salt solution,
whereby air is bubbled into the solution, yielding a rare earth metal hydr_oxide
solution; and _

30 b) adding a strong acid to the rare earth metal hydroxide solution to

provide the colloidal dispersion of rare earth metal oxide hydrate, wherein the
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prepared to a predeterm ned controll ed range of colloidal particle sizes of
20 to 50A 50 to 70A or 100 to 150A. 15 In yet another aspect of the
present invention, wherein preparation of the colloidal dispersions NAR 286
a predetPPAEE*Darticle size of about 20 to 50A, conpr PEFLCAREIHEeps of .
a) mxing a base and hydrogen peroxi8le with a hydrolyzable rare earth

nmetal salt solution, yielding a rare earth netal hydroxide solution; and

20 5) 299, Sl SHER0ANE drech Ao Bl are s 0, 1

provi de the cC e earth netal oxide hydrate, wherein

the -strongsa&gl skide hydrakl e of deaggregating the colloidal di spersi on of
rare earth nmetal oxide hydrate. In yet another aspect:of the present
i nventi on, wher eimygimapticanspect of thepresest inventioni avheteirpprepamationeli ng t he

predeterm ned particle size of 50 o 70A, conprises the s of m Xxi ng-
D bace wit Racaliaina) dispaspion; BRENGARE RISHSLSIPISEN PASAE1EGOT b B ol 1 1
bubbl ed_into the sgl ution f,yi elding a rare earth netal -hydroxide solution;
and 30 b) SOMPHSeSBGYHPhcid to the rare earth netal - hydroxi de sol ution

to provide the,coll qi: b s0ew st ' hndnat e,
wher ol Ve SURgkr UM At (RULEO‘%?AT ol pbleARt LaflR ik uPHICROINNEESt ©,

0310 24 5 95wRGH FAGRIDIRERN A Hae 1oasiidation sapsbl e of deaggregating the
col | oidal dispersion of rare earth netal oxide hydrate. In yet another

aspect of the pbdsentllowimmtliednydrahmablerape earh métahsalf solutien desicylyal
di spersion, having the predeterm ned rticle size of 10Q to 150A, 5
conpri ses OkishzestedE toyield aFase gagthamg @W‘?’Hdﬁsﬂﬁm‘}ﬂ;ﬁ@gbl e rare earth

gf ;? le- S].Sda 't sol UH on. adcilirﬁgvgqsitggngt 084"18"Be £26  AriHGhatal H?ﬁrotﬂﬁe Qéliuﬁghitf?n
provide the colloidal dispersion of rare earth metal oxide hydrate, wherein the
| strong acid is capable of deaggregating the colloidal dispersion of rare earth
| metal oxide hydrate. |
According to another aspect of the present invention, there is provided a
15  catalytic rare earth metal oxide-coated zeolite free-flowing bulk particulate
comprising: o
a zeolite parficulatc material;
a rare earth metal oxide;
said zeolite particulate material having an average pore size of less than
20 20A;and "
greater than 20% by weight of said rare earth metal oxide coated on
outer surfaces of said zeolite particulate material, based on the total equivalent
rare earth metal oxide and zeolite content. '
In yet another aspect of the present invention, typically, less than 30%
.25 by weight of the rare earth metal oxide (based on the total equivalent rare earth
 metal oxide content) is found to leach into water when the rare earth metal
oxide-coated zeolite free-flowing bulk particulate is siurried in water.
According to yet ﬁnother aspect of the present invention, there is
provided a process for making a catalytic rare earth metal o_xide-coated :

130 microporous particulate material having the rare earth metal oxide coated on
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b) allow ng the hydrolyzable rare earth netal salt solution to slowy
oxidize in air to yield a rare earth nmetal hydroxide solution; and 10‘%2/ N
adding a strong acid to the rare earth netal hydroxide sol ution té?“trM 28
t he col | 8iOdBI02¢h9§per si on of rare earth netal oxide hydr atRCT/GABYEBEE t he
strong acid is capabl e of deaggregati®ng the colloi dal dispersion of rare
earth netal oxide hydrate. According to another aspect of the present

i nvention, t ] r QAL : ' hadeneoat ed
ool e 1 i S ERidopdRusFaRictiat bRl S pBLE cbHETE e
material; fefs Sarth nmetal oxide; said zeolite particulate nateri al

havi ng an avergea% pore size of less than 20 20A; and greater than 20% by
wei ght of said rgre eesmbinirg ah amduie of eaxoldidah dispersion ofirirsasthonetad d
zeolite particulate material, based on the tot al%li ui val e,n{ {;are earth
met al oxi deoxidd hydoite wathca aewpetiblemicsopenoys par dpatgral {lIpkdent -

' i an, i cal.ly,, | han .30% .25 b kght of th . h I
oxi do. ( Bas I, $#d ThiSTeROTRRPTSEIRte PAR A fr Phrtegh pote SRt ) 1o
f dtol h .4 t d . : t el o6 O kiflss .qd it

treo- 11 o ngen g PR e HFERACeRoiE BGRR0n B iy O Kb it oo 1@

another as %‘}{oi&él diBiSerbioR S the IgtiYér durfiites b §4id xhi%r%;mi@ws pagiculmeocess for

making a catalytic rare earth nmetal oxi de-coated 30 m croporous particul ate

mat eri al hauategial;rend are earth netal oxi de coated on SUBSTI TUTE SHEET ( RULE
26) 114 MAR 2996 WD 03/024-595 PCT/ CA02101382 9 outer surfaces qf said

mi cropor ous par tiitul abest imgating said swmy to fucibsateotasth metd] oxgetatisns of - i)
conbi ni.ng an amount of col.| oi dal dispersion of.rare earth netal oxide
hydr at 40w taiiter i %IWPBBBQWTES ]f%‘#et:’ﬁ‘la material to forma

In one embodiment, said heat treating comprises heating said shurry at a
temperature sufficient to drive off sufficient water from said slurry, to form a free
flowing bulk particulate. Preferably, said heat treating further comprises
calcining said free ﬂo“‘ring bulk particulate.

15 . In another embodiment, said heat treating comprises heating said slurry
to dry, calcined powder in a single step.

In another embodiment; said slurry comprises nitrate ions and during
said heat treating is conducted at a temperature sufficient to decompose at least
some of the nitrate ions to gaseous components.

‘20 In another embodiment, said process further compﬁses milling said rare
earth metal oxide coated microporous particulate material to provide
particle sizes in the range of 1 to 25 microns. It should be noted that other
particle size ranges might be utilized. In particular, smaller particles could
be made by milling, e.g. 0.5 to 1 micron particles. The particle size that is

25 selected is based on the use that is to be made of the coated MiCTOporous:

particulate material and the ability to handle to milled particles.
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5 slurry, said mcroporous particulate materi al having an average pore size
|l ess than the particle size of said colloidal dispersion, to position

t hereby said colloidal dispersion on the outer surfaces of said

m croporous particulate material; and ii) heat treating said slurry to fix
the rare earth netal oxide to the 10 outer surfaces of the m croporous
particulate material. In one enbOdinEQ%% sai d heat treating conqq'qmggzmg
heating said slurry at a tenperature fficient to drive off suificient
water fromsaid slurry, to forma free flow ng bulk particul ate.

Pref erably, B i.ng. further conprises alcining. sgid free

f1 owi ng bul %&g%gg?%g%ta%ﬁ?%gl > %ctgggq%%@s%tﬂﬁgmrﬁ@m, e§%isd3rﬂg’éllsé.81ar eating
conpri ses pheakss A Bakidg 3l dakdlytic Foe Shdh nﬁél%ﬂ@@c@ﬁé@%ieﬁd& ?oc];%' ngle step. In
anot her enbodiment, said slurry conprises nitrate ions a 8 uring said
heat tr eatRHtfulale santenial thading the rarrgaethaneinkboside cbated i duwterdeeficpose at

| east sone ,of.the nitrate i'ral(t)ns t 0. gasepus conponents. 20 I n anot her

enbodi nentA4BiCHORgRSRATICYlafgmat IGRROCRSS oMy Ising the siers ofeart h net al

oxi de coat ed mcrop : I | ; I OV ticle sizes in
t he range of Inl)t o] Zg&?nH%lrng%éﬁ bﬁ#bgtgﬁgggﬁéd%ﬂo ltggﬂ? Wg'to%%rr?eﬁ?%%ﬂ"dﬂ?ﬂa cle size
ranges m ghideliydudte hitted comnpatibletrhRudrous paticalatdRatdal 85l flurQe nade

by milling, e.g. 0.5 to 1 mcron particles. The particle size that Is 25
sel ect ed PadpRigEPasPLS Prstigalete materias heing enmadegefpord size dass ¢dbhmther opor ous

ti | teri d th ility to handle t ill.ed rtijcl )
o 5 0 L e o B e L 5 o
of the prgrpsisidnVeiel (ﬁﬂerl $hBlces bBsdl ﬂiéb%%r&s QERSS & erigﬁgbag a

catalytic rare earth netal oxide-coated nrcroporous particu € materi al

havi ng the rari) earhdat mentihg exiddturepal fig tinraoe bath stilanede @f the SRt
m croporous .particul ate nmaterial, said process conprising the steps of i)

conbi ni ngSHHFCEHET Hie Bicraperus pramlale spdersilon of rare earth netal  oxi de
hydrate with a conpati ble m croporous particulate material to forma

slurry, According to still another aspect of the present invention, there is provided a
catalytic rare earth metal oxide-coated zeolite free-flowing bulk particulate
comprising:

a zeolite particulate material;

a rare earth metal oxide;

said zeolite particulate material having an average pore size less than a
particle size of said rare earth metal oxide; and

greater than 20% by weight of said rare earth metal oxide coated on outer
surfaces of said zeolite particulate material, based on the total equivalent rare earth

metal oxide and zeolite content.

| According to yet another aspect of the present invention, there is provided a
process for making a catalytic rare earth metal oxide-coated zeolite particulate
material having at least 1% by weight of said rare earth metal oxide coated on
outer surfaces of said zeolite particulate material, based on the total equivalent rare

earth metal oxide and zeolite content, said process comprising the steps of:




said mcroporous particulate material having an average pore size |less than
the particle size of said colloidal dispersion, to position thereby said
col | oi dal dispersion on the outer surfaces of said m croporous particulate
material; and ii) heat treating said slurry to fix the rare earth netal
oxide to the outer surfaces of the m croporous particulate material.

According to still another aspect of t present invention, the'qq}-lf}mR 2005
provided a catalytic rare earth nmetal”bxi de-coated zeolite free-flowng
bul k particulate conprising: a zeolite particulate material; ~"a rare earth

nmet al oxide; sajd zgg}nibgrﬁng%ta'hgotﬁlg%gargghg{di?ﬁ(lﬁﬁg%\éiorﬁo irggeaé/eﬂagg‘;a ore size

|l ess than a particle size“orf sald rare ear ater than

20% by weicgide Infdratiwithi acongatible s8elied pAKtaiaCOMLR] RIFRH £ilunSufifeaces of
said zeolite particulate material, based on the total equivalent rare earth

netal oxi @l of Bl dofleidad dispersionbeiog dirflicient ty @rovides When hegierttadfast he
present inventi there.is i ded rocess for making a catalytic rare
earth met & %)?P g’g)’ &%ﬁg&h@é&F({O/gg)ypvg?lgﬁkgf@pgare rpghal H’&‘%Fn?j‘“é?e?létﬁst 1%
by wei ght paficditd mAES1 4Rk ' & n s f said
zeolite pg(t%cul ate mat gfra?ar{g, é%%‘?é%%&t@ﬁg&%@g?sqg%?g%l Jélrgf&%(g?@?&g%rt h

net al oxi desparsibrzkoling @ paetitlesize ofak tbapr 20 s RRAMYH SeRby! f8dSbREORIaPT © 9B
14 MAR 2008 i) .conbi ning an apount of a colloidal dispersion of rare earth

nmetal  ox{IHBCIHRI} et saigdioutersusignprael midzeadieiangd particul ate material to form
a slurry, the .anou f t.he caol | oi dal dispersion bei jcient to -
provi de?/ when HZat ﬁ%&éi{@ghf}ggaﬁpsi?rrggtﬁge@ gratuge Bﬁlf’@"r &?%‘zébélj@%%&)'ewel ght

of the raBBoRaltuRC 1§ uBoudKHBon SIO 4R ALY EtiaP BEALEHBLE LGN AlrcftaVI NG an
average pore size of less than 20A and said colloidal dispersion having a

particl e sideshofy wtheabtrsste@Ofistly patptemiptiatures beloebybowg00°Cainkioi dal
di spersion on ]syaiag(éou er surfaces of said zeolite;, and ii) heat treating
a

sai d sl ur P§FoRq Yﬁ)%‘?%t &ﬁ@g%épblﬁs%lﬁ@ﬂtﬁ%@@o i dueresaliairasoaoht o about
less thanRpGxid o §HH U3l AP MR 205t Bglrt%%iat%leeﬁeerliarl to provide a

free flowing bulk particulate.

According to still another aspect of the present invention, there is provided a
process for making a catalytic cerium oxide-coated zeolite particulate material

~ having at least 1% by weight of said cerium oxide coated on outer surfaces of said
zeolite particulate material, based on the total equivalent cerium and zeolite
content, said process comprising the steps of:

i) combining an amount of a colloidal dispersion of cerium oxide
hydrate with a compatible zeolite particulate material to form a slurry, the amount
of the colloidal dispersion being sufficient to provide, when heat treated as per
step (ii), greater than 1.0% by weight of the cerium oxide, said zeolite particulate

~ material having an average pore size of less than 20A and said colloidal dispersion
having a particle size of at least 204, to position thereby, said colloidal dispersion
on said outer surfaces of said zeolite; and

i1) heat treating said slurry at a temperature below about 200°C, above

about 400°C to about less than 550°C, or sequential combinations thereof wherein




said slurry is heat treated, firstly, at tenperatures bel ow about 200C and
secondl y, above about 400C but less than 550 C, to fix the resultant rare
earth nmetal oxide on said outer surfaces of said zeolite particul ate
material, to provide a free flow ng bulk particulate. According to still
anot her aspect of the present invention, there is provided a process for
maki ng a catal ytic cerium oxi de-coat ed éeol ite particulate materi JéMAr?‘?ZdU@g
at least I % by weight of said ceri um 8xi de coated on outer surfa 0
said zeolite particulate material, based on the total equivalent cerium

amount of 2 Loy agredRefed BRER A CHRRBHOY P8 Gand, & Compar bl ¢

zeol i e pactomily alivaabeli 200° T WM Bt bH (o 1R ERRURne RbikiGge! | of dal
di spersion being sufficient to provide, when heat treated as per step

(ii), gredretaid pater sudsodsylneidgieolitf partieulatr inateriakitd@rowde d freallowiang

parti cul atbe materjal having an average pore size of |less than 20A and said
col | oi dal &%%B@F@Plﬁﬁe' having a particle size of at |east 20A, to position

t hereby, said colloidal dispersion on said outer surfaces of said zeolite;
and ii) heat treating said slurry at a tenperature bel ow about 200C, above

about 400@ doordibg b ybﬁs:ﬁ)thérai@f)écﬁQﬁth@preﬁ@&tl{ﬁﬂéﬂtﬁin, ﬂ%@hﬁ@f(ﬂvm 4 her eof
wherein 9C 14 MAR 2006 said slurry is heat treated, firstly, at

t enper at uPEX L [ inalssg catapiarre cash omthloxidbovsted zoolite4@P@tate | ess t han
550C, to fj . resul t,ant i um,oxi .pon said outer surfaces of said
zeolite éﬁ%@%ﬁlﬁ@ngﬂ%lggﬂ&%%ﬁv eﬁglﬁiﬁq‘?f@“&aﬁ’ 8!%‘? V??Gﬂlﬁﬁil fb%ﬂfﬁe(ba‘fiti cu: ate.
Accor di ng olifer ¥8tfadMald ?e%@ﬁé:?aﬁfcufa?@nﬂfﬁﬁaﬁ,rﬁasle@\éﬁ%é g(ﬂal écﬂ&%&ﬁeﬁz%%fer ovi ded

a process for making a catalytic rare earth netal "oxrde-co ite

parti cul arerth metdraxade had reditacohtens saill Probysswagisinf theakshsi@r e earth
met al oxi de coated on outer surfaces of said zeolite particulate material,
based on the tBtal EeRIPYHNSAR ameuat obacehoidel dispeasioteofantt ereth inttal cont ent |

oL PO S M RS ST B PR ] g™ © 0

parti cul ahlboutel 2td fdrnh@av¥hune,, thPdtnSiint ke EBAGIdal dispersion being sufficient
to provide, when heat treated as per step (ii), greater than 1.0% by weight of the
rare earth metal oxide, said zeolite particulate material having an average pore size
of less than 204 and said colloidal dispersion having a particle size of at least
204, to position thereby, said colloidal dispersion on said outer surfaces of said
zeolite; and

11) heat treating said slurry ata temperature below about 200°C, above

about 400°C, or sequential combinations thereof wherein said slurry is heat
treated, firstly, at temperatures below about 200°C and secondly, above about
400°C, to fix the resultant rare earth metal oxide on said outer surfaces of said

zeolite particulate material, to provide a free flowing bulk particulate.

According to still another aspect of the present invention, there is provided a
process for making a catalytic rare earth metal oxide-coated zeolite particulate

material having at least 1.0% by weight of said rare earth metal oxide coated on




about 4.2 to forma slurry, the anmount of the coll oidal dispersion being
sufficient to provide, when heat treated as per step (ii), greater than
1.0% by weight of the rare earth nmetal oxide, said zeolite particulate
mat eri al having an average pore size of less than 20A and said col | oi dal
di spersion having a particle size of at |least 20A, to position thereba/,
said colloidal dispersion on said outer_surfaces of said zeoli{é;MAahANE)
heat treating said slurry at a tenpera?%re bel ow about 200C, above about
400C, or sequential conbinations thereof wherein said slurry is heat-

d, fj ] . bel b 20QC and dly, ab
about - aoodrg¥ieed of SRPEAIVRRTHE AR, néediondhe waetamiuglonGrer

surfaces ehrthahétal @g€akiahe z@@l‘it%ic%ﬁieiﬂlt%a Rcb&! cont is‘?%ﬁﬁi{e%@eﬁs jiee flow ng

bul k particulate. According to sti anot her aspect e present
i nvention, thedk iscpmbinidgdnamqamoofsasofloidahdishagicn efasd yirticmeaie earth
nmet al  oxi de&fegf?t d zeolite pagi)i culate material having at |east 1.0% by

wei ght of 8L ydipte with pcompatiplepgolits pasticelatomataial fp 2606 yotheer
f ' ' 1 0.Cl i.al,. b the taqtal
e S O AR R LR B B o B b

conpri si nget $tep §ligps leakt 1.0Y bp gl (O r28eHAb nRitaif:G@. |sQidalndi sper si on
of rare earth netal oxide hydrate with a conpatible zeolite particulate

mat eri al Particytate mateniglhayingan averegaporefsizenet les then dhbutd(fpend said bei ng
sufficien vi de en heat freated_as er step.(ii), at least 1.0%
by wei ght E%]?&F%L&P%‘Fréf%%"ﬁl%Palihciﬁ@la%,Of §fa]iea§tza<]?8}17 %‘EA» toapasitéanl at e nateri al

havi ng an{iay&sRe8idRAINBi&il : i.d. col | oi dal

di sper si on hav}?ng1 a parl(t%% C ﬁgﬁléﬁﬁgfﬁfgfﬁﬁtgﬁﬁf?égﬁfE‘zgg&?sg]tltg, ?)%(gl tion
thereby, said dpl| ohedlirediingeaidistnrpat 5 aimhaukes bsloi RS 200°cab fixzeol ite;
and ii) heat treating said slurry at a tenperature bel ow about 200C to fix

the resul tEiEsYiant ragcarthraetal oxde ga seivl euterisurtaces of saiiaeokitegfarsaildtezeol i t e

D305 “Wo 81 DGRl kel ks Gyl Rfulaidie no Pulk partieulate. 14 MR




DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Accordi ngly, the present
i nvelnt lon rel ates tﬁ a no?/el p(rjocess tgat, provibfles a free-flow ng 19@“}&5 2&66
catal yti r arth netal oxide-coated conpatible mcro il t
mat er i a|‘_%’0|r:§?4‘é0§é:‘f9§b| y, the conpati bl elJri croporous 5 mat eﬂ?(;ﬁaggz?@:’.&i

conpati ble alum nosilicate, such as a conpatible zeolite particulate
material. In the present invention, rare earth netals are defined as

scandi um  PETAMED DESERIPIIOMORTHE PREFERRED EMBODIVENTS! he
present inventiron, the process for making the 10 catalytic rare earth

net al oxi de- coat Adcaidinglypthepsessat ihvutiengeladesto anove prpeessdbat he st eps
of: i) conbining an_amount, of olloidal di S£ rsiwt rare earth rI;g;al

oxi de” hydr sprovidas feedlayang Huk AR@RRSIRERS Iﬁbpﬁ Xidercaated qompatleor m a
slurry, such.that the a ng of, t lel ok daly di IS ' jcient to
provi de, 1514&{8}?0%??&5@?{5&“3‘?%&ﬁgetf%‘%'bﬁﬁit?g Cé&gjéﬁ’.%c%lf (grro IQS|t&#ecjrdcsent' by

wei ght @f t et j o i-pglitde slurry to
fix thegre‘su %é;‘rﬁz{l?sr g?@@gptgﬁ' ﬁn%?ﬁﬁ%ﬁ?ﬁg’dsdgﬁ)?ﬁé%r&?ée?ﬁgl#? }algé;s of the

M Cr opor oushfiehiste ht&idpterial, and a free flowi ng bul k particul ate
results. 20 A conpatible mcroporous material is defined as one that

mai ntai ns conpaln thiel presentiinvention, cak eaithahetdlssarerdsifinad 85 seardiuthe

col | oi dal dispersion. remains intagt (i.e. that the particulate materi al
remai ns inmwmd&m@amdpﬂ%tﬁ d form. If the colloidal dispersion

flocculates to subst apt i,al de e __before dr.ying,. .t : il
not result in the P EIEEPSHH og'rtﬁ?gléesppng%ﬁég, %S\B&Q‘Fé}ﬁggﬁn%ém&ry

bei ng ie 3 ' s gr | be
hom)geggoug:.a&%g’ggrr gll%n%| Y, tﬁg@%\ldg gg%%%ﬁrggfr@t&;??% Qlilﬁs%!saé?gﬁtggﬂ such as not
to cause arubrﬁptbgésahbis sfdfoccul ati on, of the colloidal particles in the

di spersion, and preferably no or essentially no flocculation, of the
col | oidal partii}l es ¢ombiningiaspmaundef celnidal dispsrsion phrargeaagimgtalt he

conmpatibility_of the 3Q.m croporppys material and the co]loidal. di spersion,
i ncl ude, buXide Sydrte Wit 2 E@anﬁ‘ﬁgﬂ?t W’BPPE?“StWégﬁ‘i‘]@&o’ﬁﬁ*’e&ﬂ q?rg?ré? fal and
the pres encs?ux%r, L d3PHHE SRbdnt SH468 colloidal dispersion is sufficient to provide,

15  when heat treated as per step (ii), 2 particular percent by weight of the rare

earth metal oxide and
i) heat treating the slurry to fix the resultant rare earth metal oxide

on the outer surfaces of the microporous pmﬁcuiate material, and a free
flowing bulk particulate results. | .

20 A compatible microporous material is defined as one that maintains
compatibility with the colloidal dispersion so that the colloidal dispersion |
remains intact (i.e. that the particulate material remains in a substantially
dispersed form). If the colloidal dispersion flocculates to a substantial degree
before drying, then the slurry will not result in the formation of a free flowing

| 25 quder upon the slurry being dried (such as in a spray drier) and the product
may not be homogeneous. Accordingly, the mici‘oporous ‘material is sglectcd
such as not to cause any substantial flocculation, of the colloidal particles in the
dispersion, and preferably no or essentially no flocculation, of the colloic}al
particles in the dispersion. Some factors that determine the compatibility of the

30 microporous material and the colloidal dispersion, include, but are not limited

to: the pH of the microporous material and the presence of ionizable salts such
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ammoniumnitrate. If the pHis too high, then the colloids will flocculate.
In such a case, by lowering the pH, the colloids may be gi ]rs?&eﬂrsedeMAﬁe?U%
fluid. . W9 8¥43% v, the conpatible microporous particul ab&HaP&PPEE is a
conpati ble alum nosilicate and nore 1[Breferabl y, a conpatible zeolite 5
particul ate material. The conpatible zeolite particulate material that my
be used i g LA BRAKARMtrAtAY BNbeH ismebtilgh, thentthe solheids Iwill fiectulate. In
silicalite zeolites, X Y and L zeolites, faujasites ((Na2, Ca,

M) 29[ Al 58GhclB4Q384) by Ivdnngthe pH;,ube cylloids-m@bbcﬂwe(ﬂﬂéﬁpﬂlaﬁu&l; , 0128]
with n<; tetragonal), Mrdenite zeolites (Na8[AlL8S 4a09%ﬁi 124 1120;

ort hor honbi c), z3\wefesably: the qorepptible muowpeTORs PGS BBIGHAIAS A< 7;

ort horhonbic), and.m xtures..thereaof. Prefara , i are

hydr ophobi é?nmapgﬂ?/ aﬁwr“&ﬂh%‘ieca“g‘e‘&ﬂet%???Pgw%t“lﬁ’?@atﬁgrzgzé © “which have
an affipity for I B RARKY hCthat giEydBeNds.

Zeol it hé@ﬂh@lg%gﬁg%?ﬁpe&é? ﬁ%@aﬁ%‘yﬁ%ﬁ%&o h?%ﬁ%ﬁg{lg‘:er red’to
maintain c I Bid Eﬁe‘é‘eﬂ\ﬂ inberithe Belddesdabt idirmp tinsitaahto, ZHidalitesedides,ng

hi gher 15 pH' s nmay be used, whereby the zeolite is mxed wth water and an
acid is aggedand L ame]ritesrfaujals-ites)(({\he, Qe Mo AlsPioseblisa] TRE0AEDS t e

material s used may al so be characterized by the follawing ,formula: M,
M AM p[ aAl@abid), BraxplitesTdft RaSisha® gelwith rm;éeiaa&f%m&r emen&%ﬁ%ﬁfes M is

a divalent cation,. M _i trivalent catli a, . angd- p are
nunber s whi(NBs[Ads s hi"f%@%’ﬁ&l%ﬁ?ﬁ“ﬁ&é)’ QSM&F?ﬁ@ﬁifqagtAﬁ‘,%ﬁ B+ p can
al so bleo Ze"lgino with n<27; orthorhombic),and mixtures thereof. Preferably, the

zeolites are hydrophobic, mildly hydrophobic zeolites or mixtures thereof,

which have an affinity for hydrophobic and mildly hydrophobic organic

compounds. Zeolites having a pH of less than 4.2 are also highly preferred to

maintain compatibility with the colloidal dispersion. Zeolites having higher
15 pH’s may be used, whereby the zeolite is mixed with water and an acid is

added to lower the pH to the desired pH level.

The zeolite materials used may also be characterized by the following
formula:
M,, M';M*’p[aAlO; @ b SiO; @ cTO;]

- 20 wherein

M is a monovalent cation,
M’ is a divalent cation,
M’’ is a trivalent cation,
25 a, b, ¢, n, m, and p are numbers which reflect the stoichiometric
proportions,
¢, m, n or p can also be zero, A _
Al and Si are tetrahedrally coordinated Al and Si atoms, and

T is a tetrahedrally coordinated metal atom being able to replace Alor

30 Sy
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Al and Si are tetrahedrally coordinated Al and Si atons, and T is a
tetrahedrally coordinated netal atom being able to replace Al or 30 Si,
SUBSTI TURD GicEFo{ RULE 26) WO 031024545 PCT/ CA02/ 01382 12cArdMdR2/0366¥6 t he
ratio of b/a of the zeolite, or the. meolite-like material, has a vﬁ ue of

about 5 to about 300 and the m'cropore si ze of the zeolite i s withinidMAR 2006
range of 5 to 13 A Pref rar eart I use oxi de
of a lant hanl de thewatigiof 134 Hjl? We%l}c { %sr%g?iU%l\ﬁIe

pr ef er abl y, g f: dé&f

earth met al2ha o&’a%oug?b gPﬁ%&“ é’g ?? k?C%?ttﬁéhg@étgé%t% mldni\?lé?\%— are

made from 13re not limted to, thefollovmngrare earth netal salts:
YC13, Y2( % Y('C2H302) 3, Y(N®B)3, CeCl 3, Ce2(C03)3, Ce(C2H302)3, 10

Ce(C104) 3, and -CptdferhbBy, the efreeatthynetahexidenmedads th oxidenbf & ddritbanide
dlsper5|on i's prepare 'to a predeterm ned particle S|ze ranging frgm20 to
1 505 '5n gnnﬁia}f@umhecandmmmalmm@m therent. |M0ﬁhﬂée§§a by 3t §atEr £ eous
slurry of the rare,earth ? salt with an acid to yield a hydrolyzable
salt. The pﬂé@ﬁé‘iﬁﬁtﬁﬂo@ﬂg‘sﬁ CEMYEY- c acid or hydrochloric acid.

this step of mxIHb eRsaheeeLEoloigAndiphichy vl i e frestnf [ P Coiary.
By ei ther IRYEL aréﬁ‘.ﬁ é%%?‘ﬁ Qr@iﬁé Hhﬁt’e@%etﬁe’ifdllovﬁﬂgha?écm aetahi trate
or netal ch e, dr y’

Pre erably, . i s hydrol yzed and

oxi di zed b)éaRQdY@] argqomygr, éaznmnmmowﬁm@ﬂecaﬁﬂiomﬂr@i@ﬁb@ahxn de.

A netal hydroxide |s obt ai ned and adm xed.with water and_a s%rong acid to
20 yi el@ a Ga(@Oy)s, Tk Ce(NOhYy. Rreferably, bheracreleaéthammaéco}lpm gispergon

hydrochloric acid or perchloric acid, and is capable egati ng t he
resul ting iinpoéparedto apredet¢nymingd particle sizedRaging 38§9 ﬂ%ﬁggﬁp E‘ﬁ

adm xed with water.to.give the oxi de colloid S
nitric aci dhe sollewdal é@%@?féo%%sr’ﬁﬁgei’é’ JIXIng 3@ JRICOUS § qrg{ 8?% 'Eafﬁfgx\&ons to

rare earth mrrgtta?salf) eaﬁ chﬁ%o Sjaé:lal ﬁy&il%llyzablc salt. The preferred acids are
| nitric acid or hydrochloric acid. Alternatively, if the initial metal salt is a

15 nitrate or a chloride, this step of mixing the nitrate or chloride salt with acid is
unnecessary. By either approach, the resulting hydrolyzable salt, such as metal
nitrate or metal chlonde, is hydrolyied. Preferably, it is hydrolyzed and
oxidized by adding a mixture of ammonium hydroxide and hydrogen peroxide.
A metal hydroxide is obtained and admixed with water and a strong acid to

| 20  yield a slurry. The strong acid may be, for example, nitric acid, hydrochloric

acid or perchloric acid, and is capable of deaggregating the resulting insoluble
metél hydrate. A residue from the slurry is then admixed with water to give the
metal oxide colloidal dispersioxi. When nitric acid is used as the strong acid,
the mole ratio of nitrate jons to rare earth metal oxide in said colloidal

25  dispersion is in the range of 0.1 to 1.0; preferably, 0.1 to 0.5, and most
preferably, 0.12 to 0.25.

In embodiments, the colloidal dispersion may be prepared toa

predetermined particle size range of 20 to 15G}. " The particle size is controlled
by the precipitation and oxidation parameters used for formation of the |

30 colloidal dispersion. In particular embodiments, a base and, optionally,
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25 dispersion is in the range of 0.1 to 1.0; preferably, 0,1 to 0.5, and

nost preferably, 0.12 to 0.25. In enbodinents, the colloidal dispersion

may be prwepasethsbo® a predeterm ned particle size range ofp@Rcher/diasyt .

The particle size is controlled by tie precipitati on and oxi dation
paranmeters used for formation of the 30 colloidal dispersion. In pari@%mrms

enbodi nents, a base and,_ optiqQnally, .SUBSTI TUTE SHEET (RULE 26

03/ 024595 PEydrogsyy Reroxide qea%&emmgmmw@h &BAre £AEA mF lg&ed to
oxi dize a hydrol yzahl.e, rare earth tial . salt. sol utiom .o vi. arare
earth netal quﬁygiPﬁtZtQ y&%?p%?@?gﬁftﬂgﬁe@ol%ﬁ%i‘ﬁﬁpgﬁmn( Fﬁ‘&\%ﬁg?%«gﬁgt e reaction
I s done under hot or cold conditions, 5 (ii) whether the reaction is

" purged with air, (iii) how concentrated the solution containing the rare
earth metal hyd(pte iwhethérvthe Mosstionrisidefe dmder hot adetsld doaditiemssal t or
vice-versa; the cirystallite 'size may be varied from2 0 to 100. L In other
parti culsar enbod{ient syhetbernthk ecaction iapyegedrwithi ait,es such as 100 to 150A
the base is added_to a hydrolyzable rare earth -nmetal salt soq] ution and

al | owed to sl ow {iigxi do¥econsertrpted the salitioneantaining the 1age eath HRet3

di spersi on isq}%e%ared to a predeterm ned particle size range of 20 to 5A
Ammoni um hy}HY {4 and hydr ogen peroxide are mxed with a ceriumnitrate

sol ution, fornmi g E&rﬂ_e#g@égtgi ibgée/é'{sgcfgo@ﬂ.té%é'ﬁ%}?& vwewéxga%le_d: ystalifign

added to the cer ution and a colloidal dispersion of

20 to S0A Cs?%%gmm 980y Homt 20R811bDE! &5 oRtdt 'rHEﬁ‘l'aFe{rR{bgi(iaﬁx%ﬁfé', to make

Pref erably, rati1o of nitrate ions to cerium oxi In said

col | oi dgl 4 rp%lﬁ‘ﬁ LSyl 1 | E‘Hﬂﬁ é%@lé(iﬂie‘mm s
are feggi bﬁgfé& er e@r?g3%15.2%??%%?29%8@18%?35%%? é@?‘%ﬁg t tal salt or

m xt ures 2Qateneed] saRsohRidciiRsd hllewed to sltwwisbdialdednsiix.ong aci ds capabl e
of deaggregating the resulting insoluble raré earth netal hydrate such as
hydrochl ori ¢ acibh ome embodhhent] theapdlthidaldisperssmbistprepared, toand any suit abl e

base such as sodi um ' ] .
predetermined particle size range of 20 to 56}\. Ammonium hydro_mde and

hydrogen peroxide are mixed with a cerjum nitrate solution, forming a cerium
15. hydroxide solution. Nitric acid is then added to the cerium (IV) hydroxide
solution and a colloidal dispersion of 20 to 508 cerium oxide hydrate particles
and nitrate ions result. Preferably, the mole ratio of nitrate ions to cerium oxide
in said colldidal dispersion is in the range of 0.12 to 0.25. Other embodiments
are feasible, wherein any suitable hydrolysable rare earth metal salt or mixtures
20 thereof may be substitutgd, any suitable strong acids capable of deaggregating
the resulting insoluble rare earth metal hydrate such as hydrochloric acid or
perchlbric acid, may be substituted, and any suitable base such as sodium
hydroxide, potassium hydroxide, tetraethyl ammonium hydroxide may be 7
substituted. Preferably, the base has a pH greater than 4 More preferably, the
25 base is selected from the group con;sisting of ammonium hydroxide and
derivatives thereof. When sodium or potassium hydroxide is used as the base, -
the sodium and potassium are difficult to remove from the precipitated hydrate

particles. Several washings of the particles are therefore required.
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hydrioxi de, potassi um hydroxi de, tetraethyl anmoni um hydroxi de maybe
substituted. Preferably, the base has a pH greater than 4. Mre preferably,
the 25 base@oss2523 ected fromthe group consisting of amorecrvcAbyaissxi de

and derivatives thereof Wen sodi umm@r potassi um hydroxide is used a?s the .
~base, the sodiumand potassiumare difficult to renove fromthe i & MAR 2005

preci pitated hydrate articles. Several.washi,ngs of. the par.ticles are
therefore requir .a@%ﬂmﬁﬂfﬁ%ﬂgwm@%@%@dﬁﬁ M%@B‘” & ceruin
PCTI CA02101382.  MAR;.. .. Q0. n: j thIFQ o |
mi xed with &“‘%%ﬁ‘;iW@“%ﬁ%%fg%@?ﬁ%@%gﬁana‘ftﬁ’e i ﬁuﬁﬁe%‘%ﬂ?ﬁ th
air, e.g. apg.] bl i dFEd i 1l 18\adidrsiten
- solution relsdlaﬁ %néxgﬁg rﬁ???#gﬁlgmjhﬁs thedfﬁggggg%nﬁﬂ%g??g?gal di spersi on

of 50 to 7%aﬁe&ahar§ Sfidi8alviskRtion RATS0I t6 70K Eernl dHille Alyardtepartivles f or med.
Preferably, the nole ratio of nitrate ions to cerium oxide in said

col | oi dag digdeNEhRons arefdriredl Brgferably,Ghd tdle rAtidwf itrater ions hd oeiiiment s
are feasible, wherein any suitable hydro]lysable rare earth metal salt or
mi xt ur es. t hexidefin sm¢ collptdabdispersiemty indhesangriobfyl 216 @.36) Othgte, as

ment i oned abovye, .may be substjtuted.. 10 In, t.he nbodi nent, _ammonj um .
hydr oxi de i smyogdigenis aedeadbley whepp P&Yéuggﬂﬁtl?@{f}?m?g&dq{eteﬁgﬁrﬁl reis
slowy oxidized in_air. for . ' t. ature
For o f ow asgiCor oipdires el ARy firk Vil 0 Gatd pGsn BB EREPE D 1%
then added ] ' kg dal dispersion of 100 to 1501 cerium
oxi de hydrafl%nglg’?ﬁagbggbgﬁlg?#t@gtggﬁ %Hns result. 15 Preferably, the nole
rati o ofp nitrat elhansthed epshddiment iadembnivsabydeatideiis atixdil spith aicoriuits i n
the range of 0.12 to 0.25. Qther-enbodiments are feasjble, . wherein any
sui t abl e hymituity sahition; avhereiarthe misture is slowlyroxiliaed it Her smpleay
sui tabl e st r?ng %gi ds .and any suitabl % bafse, as rpant.i]gfed abov may be
subst i t ut ed2!!PFeddP SlAt ARBIMFLIRSTA TS TS L AaRS PG 2 sePm G Veeri um (1v)
colloids “hydroxide solution. Nitric acid is then added to the solution and a colloidal
dispersion of 100 to 1504 cerium oxide hydrate particles and nitrate ions result.
15  Preferably, the mole ratio of nitrate jons to cerium oxide in said colloidal
"dispersion is in the range of 0.12 to 0.25. Other embodiments are feasible,
wherein any suitable hydrolysable rare earth metal salt or mixtures thereof, any
suitable strong acids and any suitable base, as mentioned above, may be
substituted.
20 Cerous and/or ceric salts can be converted into cerium (IV) colloids
relatively easily. In another embodiment, the dispersion is made by admixing
an ‘aqueous slurry of cerium carbonate with nitric acid. The resulting cerium
nitrate is hydrolyzed and oxidized through the addition of a mixture of
ammonium hydroxide and hydrogen peroxide. Cerium hydroxide is obtained
25 - and admixed with water and nitric acid to yield the cerium colloidal dispersion,
which comprises cerium oxide hydrate particles and nitrate ions. The cerium -
colloidal dispersion is then added to a compatible zeolite to form a slurry,

which is heat treated at a temperature as described above to give the free- -

flowing particulate.
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relatively easily. In another enbodi nent, the dispersion is made by

adm xi ng an aqueous slurry of ceriumcarbonate with nitric acid. ﬂE%AR 2006
resulting cerium nitrate is hydrolyzed and oxidi zed through the aldition
of a ni ¥WQPH23F95 . anmoni um hydr oxi de_and hydr ogen per oxi BET/CAAF Pt

hydroxi de i s obtained 25 and adni xed*with water and nitric acid to yield
the ceriumcol |l oi dal dispersion, which conprises cerium oxide hydrate

particles and nifr ' lﬁt}ﬂo%éic%nbicra@kﬁ efifbn Of e eairdmem] bhate added
to a conpati bl eﬁéggp;@%ngsfuo ma slurry, V\ﬁech is heat treated at a-

t enper at ur gyastéand rcbﬁ@ﬁtiblibomﬁzrb?o@ius pattivuldte apaterial isayuitegstphlet ilthast e.
SUBSTI TUTE 'gHEET (RULE"26) WD 03/024595 15 14 MAR 2006 PCT/ CA02/01382 In
general ; tbeesfoundthat thendurplis stabile todios gelatiosangrchemisalechangesesgh oxi de

hydrate and conpati ble m crgporouys partjcul ate ,jaterial is,quite stable. It
has been &®chemiordreactions, dlswum%n,sﬂaf;[i“%n&% A0 &F&&ﬁ%ﬁg"%ﬁem cal

changes, such chem cal reactions ' t 4.0 :

conductance cha @%OWQUWE%%#S&Q%I;@ﬁ#u#a eer%%g“ ai Eﬁg@%an aver age
pore size ' iE13G:i AR oMRidd]l dighertion softhahgecol | oi dal

di sper si oniés%gtﬂmggwltﬁ%%a% o?%?llféd/isgpersi on cang)be lposi tioned on the outer
surfaces ofolifidaldispeisidn calPbepesiabhyd oh e bates sisfacemsf the muterabe pore

size that is less than about 20A and the collqidal dispersion E S a
particl e sPreferdblyitheenateriablastarpaveragbpere1sizg hat &5 less than aho Bl has

Great or ¢ il cabeidsl diepgiondiseHElES AP B IBTLAbOut aPRIaM M sed on the
oxi de Wbnt BFRIGHAEa B PRE R B A e Sl O iR IR BATOATE 2 a6
et ert 2l " beedhany g gpsatemaatn s abihoA g acedrimtit 15
about 70% Byideqibaksd batedtotal douévalettahicroporoais garticulete watarial @pdanareoxi de
and microporous particulate materjal content ﬁIf-EIl-QgS c];t[t%ee Jﬁc%“ na e
parti cul at earth mastal exide content) coated on the outer s icrop
particulate material. High loadings of the rare earth metal oxide coated on the
15  outer surface is provided, preferably, in the range of from about 20 to about
70% by weight based on the total equivalent rare earth metal oxide and
nﬁcropoi*ous particulate material content. The free flowing particulate, that is
- the micr)oporous particulate material having high loadings of rare earth metal
oxide, is, sufprisingly, quite stable.
20 The stability of the free flowing particulate is measured by the
leachability of the rare earth metal oxide-coated microporous particulate
material; low 1eachability is equated to a stable particulate material. The
leachability 1s dctérmined'by the amount of rare earth metal oxide that
dissolves (Ieaches) into water when the rare earth metal oxide-coated
25 microporous particulate material is slurried in water.
The rare eanh metal oxide-coated microporous particulate material may
be heat treated at a variety of temperatures and combinations of temperatures
while still maintaining its stability. In particular embodiments, when a rare
earth métal oxide-coated microporous particulate material is heat treated at

30 temperatures less than about 200°C and slurried in water, surprisingly, very

little rare earth metal oxide is leachable. Since the material was heat treated at
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the m croporous particulate material having high | oadings of rare earth
nmetal oxide, is, surprisingly, quite stable. 20 The stability of ZSMM%UE
flow ngk‘f)ar,t iculate is neasured by the |eachability of &/@@l({ %ké 3%§
metal o YE¥daed ni cropor ous particulate material; Io FEAYRALT ity is
equated to. a stable particulate material. The |leachability is determ ned
by the amount of rare earth nmetal oxide that dissolves (|leaches) into water
when the r gi¢h Rawttbmpeiashresyit sas capeetdd thg the cargpartbuseiboxideuweuld mat er i al
is slurried in water. The rare earth netal oxide-coated mi.cropqrous

parti cul at eompletelyleaghyntoshe Measer. 1t wag fungs hgwexer, dhst, E}fplﬁ‘ﬂﬁbg??ﬂ ures and

nbi nat i f t t whi | til)] I ntai ni 4t tabl L1 1 I
par ti cul ar thas3AanEH visighied ihe,tats cathanrtah SR Pagd h el SN r ous
ticul at tepial S h . bout

200C and_ sFEREER Fisigpaf SorRTAGLRER nld ATy Rl Bop a7y o

oxide is | M 8t RIS i ¥en Wilken To@it tidatal AdenipeBIUBREISMTE SHEET
(RULE 2%) ?Qﬁfﬁé{i%znd%lg?ﬁ%%g/ 024593 P%T/ CA02/ 01382 16 suc?h | ow ’

t enper at ur ggan abowrR008Cy Whed thdwire ehrth meetal exidercoatadamieropdeousoul d

conpletely leach into the water. It was found, however, that Lcally,
| ess t hanpaficulgtevmatghial zsrhqah@ea@d@té@npﬁamc§|gr%$ﬁla@aetﬁg>@éﬁ4éﬁ% H’éét ot al

Chat 't ho. Sshuemeddn e bl 5o RtV ok uaige 6F s sl Hety RS 00
m 1 opor ouGbesgar W el YA aleE e SRk oA Ecoieht 1s KRR itheteO0e

m cropor ou S eated at ténperatures greater

‘than apout ; 4000, @pdThebddshRE atd W TS both High bydllewdodiags 0 Untlikeytheei ght  of
the rare earth netal oxide (based on the total equivalent-rare earth netal

oxi de cont gppnoach dfahegriop attetehpresernitripproasheworkehweld to provids advasiety ue f or

both high and | ow toadings. Unlike the approach of riaqr, ar t he
present appf teashngibincdudieg highloadingsdgreathihagy O%Pb%gﬁi‘wﬁ’dghﬁ ?fcqhﬁdi ng

o A R Y Rl s

including sequential temperatures, without destroying the high surface area or

15 catalytic activity of the material. _

In preferred embodiments, the resulting slurry of the process of the
present invention may be heat treated at temperatures below ab_out 200°C,
above about 400°C or sequential combinations _thereof wherein the slurry is
heat treated, firstly, at temperatures below about 200°C and secondly, above

20  about 400°C. Preferably, the slurry is heat treated at a temperature below about
200°C and then subsequently at a temperature above abbut 400°C. More
preferably, the slurry is heat treated ata temperature of from about 85°C to
about 105°C and then subsequently at a temperature above about 400°C,
wherein the slurry is heated at a rate of 100°C/hour until it reaches a

25  temperature above about 400°C. At this point, the temperature is held for at
least 1 hour. Deleterious results occur to the rare earth metal oxide-coated
microporous particulate material if it is heat treated only at a temperature
between about 200°C and about 400°C for a commercially feasible period of
time, normally, 5 hours. Although it is possi’ble to heat the rare earth metal

30  oxide-coated I;njcroporous particulate material at a temperature between about

200°C and about 400°C for several weeks such that no deleterious results occur,
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I ncl udi ng sequential tenperatures, wthout destroying the high surface area
or 15 catalytic activity of the material. In preferred enbodi nent 4.4 KMhe 2008
resul ti gﬂ?%/w_;g% of the process of the present inventiopcfRyr¢R@13eat
treated at tenperatures bel ow about 300C, above about 4080 or sequenti al
conbi nati ons thereof wherein the slurry is heat treated, firstly, at

t enper at ures bel ow_about 200C and secondly, above 20 about 400C.

Pr ef er abl v, thiswvanldney be prastisal for dhe sdmafachire oiihe smrgcartbanstal asider 200C
and then subseqyently at a t ature.above about 400C. Mdre preferably,
the slurry $Qalf éwcf‘i/%?\éﬁpa&gg@eai"e% ure of from about 85C to about

105C and then su tl : ﬂp& Wmﬁf .h the
slurry is heat edﬁﬁﬂ‘?}%ﬂ@@@@o{?%%&gﬁ% |\f§‘(iggégﬁ$é:)¥%§'?g?ttenpe§§t ure
above about 4QQGa1 dispéRich Faft earttlihctArBCIShydatd & dphbinkdwith a | east 1
hour. Del eterious reSults occur to the rare earth metal oxide-coated

m cr oposouscqaphiiblel miczoparoas nalteridl totfoin arsdutry) theatoedtarnbys af the
tenperature between about 200C and _about 400C for a commercially feasible
period of strong a¢idrusad iy makingibesollqidal sispersioni(s.gooifsatglieny)gnigate t he
rare earth net %30 oXi Sl_l?-coat ed m'cro%arf)us articul ate erial. at a-

t enper at ur SOERERGEROFCS 198 the mygEPOLals TaalsTe! anfhEhe gre canh mgta Buch that
no del eterig| esll ' U WO
03/ 024 s50e P E AR Hess BRHE PRl Hath Ructiimet i Hirp S0
manuf act ur eyefal ihede Rtd l%ﬁg&ﬂ‘wﬁﬁfr%'isp@%iﬁﬁz ﬁ?@ﬂﬁﬁﬁﬁgﬂt HaR R theRRYirigcul at e
material. Wthout being bolind to any particular tRAeory, it is thought that
when the oeép i donte aff loper simperafuresrice. daldvh abete2005C], dieerthatices &xirg of

conbined with a 5 conpati bl e m croporous material to forma slurry, the
count er i orthbe gare ¢psth meial ggidectodhe saer swripgrs pf theveugeppeeusana apd; on

(e.g. nitrate ions) m te.,int he. pores of the, m crqopaorous -material and
Lherare. et Rt Beiatexide-Caatsd duiebHoR S Spparlals FialBaHCR SpRauele
m cr opor ou ar iyal t fpat i ' ' er
wat er Iodi spélr‘lm qeé.ﬂ’ll%a?gktrh%gm%?ﬁ\%ﬁgﬁgt%gw %?&3&9‘26@“0 an@3bbaed
400°C for a commercially feasible period of time, normally 5 hours, the counter

15 ions are thought to be released from the pores of the microporous material and
are available to recombine with the rare earth metal oxide component to reform
water dispersible rare earth metal oxide. Overall, this would destroy the rare
earth metal oxide-coated microporoﬁs particulate material if it were dissolved
in water. In other words, the rare earth metal oxide would leach into the water

20  destroying the rare earth metal oxide-coated microporous particulate matter.
When heating is continued to above about 400°C, it is thought that the counter
ions decompose to gaseous components, which are released from the pores of
the rare earth metal oxide-coated microporous particulate maternial so that the
material remains insoluble in water. |

25 : Accdrdingly, in one embodiment, the slurry is heat treated to fix the rare
earth metal oxide to the outer surfaces of the microporous material. The fixing
heat treatment step may comprise a drying step and/or a calcining step.

In the drying step, the slurry is preferably heated at a temperature and
for a period of time sufficient to form a dry powder (i.e. to drive off at Jeast
30 some, and more preferably all or essentially all, of the wate-r from the slurry).
Preferably, the solution is dried (such as by a spray drier) at a temperature
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10 'step is done at |ower tenperatures, i.e. bel ow about 200C, it enhances
fixing of the rare earth netal oxide to the outer surfaces of the 4 MAR 2008

m cropowés/@;ﬁri al and the rare earth netal oxide-coalbpgq,dHeshPRer OUS
particul'ate rmaterial is insoluble ingwater. If, however, the drying step

occurs between about 200 C and about 400C for a commercially feasible
period of time, normally 5 hours, the counter 15 ions are thought to be

rel eased fpemv ABoRO2EF(f Intihestnoaseqpbe dusngrsteprinaludas dither spray aryimgl e to
reconbine with the rare earth netal oxide conponent to reform water.
di sper si bl grayairgimg fteezendrying osalvent doyimgariflashidryingdgrbinigues o5y the rare
earth nmetal oxide-.coated nicroporous particulate material if it were

di ssol ved Cﬂm\bm%tfqllsltheiﬁogsr words, the rare earth nmetal oxide would | each

par i cul at o mt £8ahe GREHNE AEPHI% S of Bdhiod TehPuor it RErEBRY A RadoPr o1
t hought thgtte pgré{ﬁw‘&rﬁ-{ fo ia%ﬁdﬁ%ﬁﬂ@%ﬁfﬁ&eﬂ&ﬁ%ﬁfbv@%f%@ﬁi@se%i ch are
éd f € pores ofrt e

rel eas om rare earth netal oxide-coated m croporous

parti cul at pagpé@hkJf tho cblrtr ione, ambinere preferably al or essdnthilly dlhofittteer . 25
Accordingly, in one enbodinment, the slurry is heat. treated to fix the rare
earth net atownteréorsy friwe thetresultsnt dned misfoporeusvnetesipds DBusingdhts i al . The

Sy
£i xi heat treatment. step r i i t
Step. I ¢ BROceRS TRGARIEE ARG Hie siprry st sspy SHElRel i i i er ac ure
nd f iod of tipe.sufficient . t.0 f . dri
off at | eat tesBbeditae dipampetes of afifl iR 4¥a B0 offrcoufenCl ! VR
vat er 1]:9: qucstnlgearé lcfét% oséacf,%@rxﬁ&leéprefé}ﬁbl%lv&ﬂ &idehfially hHbf(the ebuagrby a

sSpr ay ier) at a tenperature SUBSTI TUTE"SHEET (RULE 26) 14 MAR 20061 WO
03/ 024595 REE/£AARLOHPEEd, Fo patcnusaompor2RfC. Preferably, thaseltiontie sprayi ng

step includes either spray drying, tray drying, freeze drying, solvent

drying or @tied androplained bemsingleprosess sepaiuehEsdns IaY £8iCIneT n t he

Ferper at ar HogYoFRSTREAEBUTEATISH L Y PEGHTCE o PaRaIEoor eRompose at -
initial drying step (e.g. by means of a spray drier) followed by the calcining

15  step.

In another embodiment, the preferred rare earth metal used in the
aforementioned process is cerium and the prcferréd compatible microporous
material is 2 compatible zeolite particulate material. There may be greater than -
about 1% by weight, based on the total equivalent zeolite and cerium oxide

20 content, of the cerium oxide coated on the outer surfaces of the zeolite

| particﬁiate materiai. High loadings of the cerium oxide coated on the outer
surface is provided, typically, in the range of from about 20 to about 70% by
weight based on the total equivalent cerium oxide and zeolite content. The
zeolite particulate material, having high loadings of cerium oxide, are,

25  surprisingly, quite stable. When the cerium oxide-coated zeolite particulate
material is heat treated at temperatures less than about 200°C and slurried in
water, surprisingly, very little cerium oxide is leachable. Typically, less than

- 30% by weight of the cerium oxide (bascd on the total equivalent cerium oxide

content) is found to leach into water, which shows that the particulate material

30  is quite stable even when heat treated at temperatures less than about 200°C.
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| east some of the counter ions, and nore preferably all or essentially al |
of the counter ions., fromthe resultant dried m croporous materi '}k'MAR 2008
ly

During this tocess, remaining water (if the slurry was

subj ect & ‘L"Bﬂzgﬁ%l nitial |ow tenpergture drying pr ocess)P?gké“?%’{;/lgn of f and
at | east sonme of the counter 10 ions are deconposed, and nore preferably
all or essentially all of the counter ions are deconposed, to gaseous
conmponent sy iRLaiHer @luyn okide-catad teitité paticniaye mdtéreal inhdatctadatediet- i n a
single process step, such as in a spray calcipner. ‘However, this may heat
treat ment wmypdeatures greaterdhamabons 490eG andsligneddn Water, ugnally lgssthait ep (e. g.

by neans of a spray drier) followed by the calcining 15 step.. | n_another
enbodi ment(.1&hbypweight 9%313rféﬂé‘né8?‘-i%ﬁ Cﬁéﬁ% %@E&OP% eﬂH’é’al%t&FEHBh? ed
process is ceriymand the preferred conpatible mcroporous material is a
conpat i bl ec%ﬁﬂgtlé?%‘iﬁogﬁgca}l]@? & al . There may be greater than about

(% by el oht. DRREdnRy i refhiBly iy HALE AL 2 iiRptrafura BRIGR abui 200°C: 20

content’, of the“ceri e co e outer surfaces of the zeolite

- particul at g, fREEEAsRE; thEil@ht reatigngep diclhbes etrersprayxdyéng,dedyedtymmg,t he out er
surface is provided, typically, 1n the range of from about 20 to about 70%
by wei ght frbemedirying,tsobvem daying qrifleshalnyingdechnmqpuss eecembingdenst e content.
The zeolite particulate material, having high | oadi ngs of cerium oxide,
are, 25 suthgréafingly, quite stable. Wien the cerium oxi de-coated zeolite

e G B B e YO A s 200
| eachaly e Iuiceald Yarik 5374 Bthe RIS diSETon Ut defiing BkideTy@xidaal based

on the™tot equi nt-cerirum oxi de content) is found to | each into water,

whi ch showg,at fit cdisidalatisperiiontcanrtad podidibned3on thee outet surfhedsiaf theen when
heat treated at tenperatures |ess than about 200C. SUBST] TUTE SHEET (RULE
26) 1 4 MARA1ESPraferably,0hezeeliRdRs@r0y@agspPorEFiTnthat ihkess

O cater t 1 AR S IR S AR B 0 Pt A chan T

In a preferred embodiment, the aforementioned process incorporates an

15  additional step (iii) of milling the bulk particulate to provide a particle size in
the range of 1 to 25 microns.

The catalytic rare earth metal oxide-coated microporous particulate
materials can be used in a variety of different applications. In one aspect of
the invention, the metal oxide-coated microporous particulate materials can be

20 incorporated into ihe cigarette paper enclosing a conventional tobacco _rod to -
reduce side stream smoke emissions. Specifically, the particulate material can
' be used as a filler in the manufacture of cigarette papér, impl;egnated ina
cigarette paper, or applied as a coating(s) or a layer(s) on the exterior and/or
interior surface of a cigaretie paper. Alternatively, the treated paper could be
25  used as a multiple wrap; that is, the treated paper may be applied as an outer
wrap over a cigarette having conventional cigarette paper.

In another aspect of the invention, the particulate material can be used to
catalyze exhaust gases from the combustion of a fuel, such as automobilg
exhaust fumes. * A modem automobile eﬂgine produces many pollutants caused

30 by the incomplete combustion of hydrocarbon fuels. Exhaust gas mixtures
typically contain CO, unburned hydrecarbons, and several thousaﬁd ppm NOx.
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0.1" % by weight of the cerium oxide (based on the total equivalent cerium
oxide <content) is found to leach into water. 5 The slurry is prefe g%A\/R 2005
spray drygtsabsst enperature bel ow about 200C. In nost Cﬁ@ﬁ@,ﬂ)ﬁ/d’j@gj] a
treating step includes either spray dgying, tray drying, freeze drying,
solvent drying or flash drying techniques or conbinations thereof. The
zeolite particulate material has an average pore size that is |less than 10
the aver ageCgtalytictenwirtees tat reduce dhessitiee by Brﬁépgqs&} combustionArexi de

hydrate so that the colloidal dispersion can posi ti oned on _t he outer
surfaces ofrefersed {a$ @@'Wé%‘aéﬁﬁﬂﬁbaﬁé‘sﬁse’@lc lied(? Featng o hedgichor e size

that is less tha A; and the cer.i 0 L:dal s.di ' : ticle
size of at ¥ %PPE ;Clgapng W‘ESEF?tgﬁng%%%ﬁéh??hﬁﬁg@?gﬁﬁgﬁr%% process
i ncor por at j ditional step (iii) of mlling the bulk particulate
to provi de%}.rg%qlggfgg’si ze in the range of 1 to 25 microns. The catalytic
rare eagth netal Aqutslgstc omitess cerivm paidey hapthe dtalityatoeprovadeox ygen foan be
used in a variety of di fferent applications, In ong aspect of ¢the,

i nvent i on, comepleting/hydxocsebemwand €Qroxidepion susingnariods vahen theeging ¥ can be

20 incorporated into the cjgarette paper enclosing.a conventi onal tobacco
rod to redyaning gehsivhes %ﬁ%@eéﬁg@&% AN R 18 QK1 ?egﬁ%&garticul ate

" ean oo iR daPRed ichipe HSAT SIchaghy Gallm fRLGIRRBETL, )
on the ext g{:%‘/@éttiﬁg SHafls re{zﬂ%g%% ot (e BeLCel, provigmized iy enafee Chemical

Al ternativ treate er could be 257used as a multiple wap; that
i's, theptreai@sh . goBYettggaOl toal0g)s Eor thatatalysitabeable tawoilgar et t e

havi ng conventional cigarette paper. |In another, as&eict_ of ,the invention,
the parti cwffactivelyt enderithe highyempssatures thehexistinea Bikpips: itgaughaveom t he
conbustion of _a fuel,. such as aut.qnobi | xhaust fung A nodem aut onobi | e
ongi ne. pr oUEBSICHAFETIS et IPOVIGE SR SbaTr HIFs It SR FRGRBREL | on of
hydrocar bonfuel s ' Lol IRddedee wiikur ned
hydr ocar bo ,e %Cﬁ-ga S%’%@g’f‘*‘%‘%@ﬁ&éﬂhﬁ%&%&%@ﬁ@&%ﬁsﬁ Ec" (RULE 26) 1 4

MAR 2006  the present invention provide a high catalytic surface area to effect sufficient

15 cétalysis of the pollutants. Additionally, the ceria is stabilized by the
microporous particulate materials to enable the oxide to withstand the high
temperatures in the tail pipe. o | |

The following Examples are being submitted to further illustrate various
aspects of the present invention. These Examples are intended to be illustrative

20 only and are not intended to limit the scope of the present invention.

EXAMPLES

Ceria Colloidal Dispersions

Example 1
25 - Cerium carbonate (50 g, 99.9% purity) containing 69.3% by weight

cerium oxide equivalent was slurried with distilled water (0.1 L) and dissolved
by adding nitric acid (3-8.4 ml; 16 M). The resulting neutral solution was
boiled for a few minutes, filtered to remove traces of insoluble matter, and
diluted to 1 L with water to give a cerous nitrate solution. A mixture |

30 comprising ammonium hydroxide (40 ml, 18 M), hydrogen peroxide (ZQ ml,

“100 volume”) and water (160 ml) was added with stirring to the cerous nitrate
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WD 031024595 PCT/ CA02/ 01382 20 Catal ytic converters that reduce these three
by products of conmbustion are referred to as three-way catalysts.q NG 2006
uses include a _coating on the inner walls of self-cl eankggl&%?’,ﬂﬁs

cat al yt WO 8%%R g, thernal sprayed goatings and abradabl & Séafs, 5 A

catal yst, such as cerium oxi de, has ¥he abi | i ty to provide oxygen for

conpl eti ng hydrocarbon and CO oxi dati on during periods when the engine is

runni ng i gl (et Rl MaintAned any 5°C. | Thoresadiiiginsohubieidiik bdown Ced+
whi ch stores oxygen. Wen the fuel-rich cycle begins, ceriumis able to
change oxicgahihp(TVo) peérosidecomyded tapidlydadabincalourand afigr thei completscygen f or
chem cal 10 reactions (e.g._ converting %ofgo C02)...,For. the catal yst to be
abl e to wonlditidf ef tHeahyouivae hydraxide/Bydiogap SERPHife TUKRYE, 2816y 4 tai |

For “catal S”F?lgté‘ééémiiq‘%égt‘%ﬁ@%@ﬁ BSaGARAETat BB E R Y PR P £7° S e
r o _ camandEr ). SROrodSpe tFEU ave” -
Catalyid e Suri achEPERHBRERPEREITHAR MERaSed CHRELYAIPRRNARE 2 1 O

pol | ut ant s o, AddifjeonalYotumbs 6f ARt iveatet. aDhé seatated préeipituterwpostimed
particulate nmaterials to enable the oxide to withstand the high |

t enper at ur ggth distilledtaater (150eml)Tame it acidr(§2 Sl 46 M) éo geienynBUBNi t t ed
‘to further illustrate.various  aspects of the present invention. These
Exanpl es ageid/cesingedxids meleiratio of lat} Reresy ”&ﬁli}nbfﬁﬁasah@‘%ﬂ%to ?Iﬁ?ﬂ‘gnded to

limt th f _th t i tion. . ' -|.9i.dal

D: ;n per si gn'éggé%agﬂﬁéngm%ese pgfg;%ﬁ%ﬁ%ﬁg%%&%@%@?ﬁé g?hcgnt ai ni ng
69. 3% i ght.. | ' | s | ' jstilled t

(0. 1 130 angoiiuios ity THERECBY I GRAGIRG St e e Tesulti ng

neutral sol uti oy pescodifid, @ flefryavieventiifipedsand ihetresidde twasrdispereed r aces
of insoluble matter, and "diluted to | L with water tqQ give a cerous

nitrate solwdisilledAwatiex(l5Em3Dtacgiver ssmicransperentaregnisbgpeideheoly | 18 M),
hydr ogen peroxide (20 m ,

Example 2 _
15 I kg of cerium (IV) oxide hydrate (approximately 72% cerium oxide and

with a nitrate/cerium oxide ratio of 0.24) was placed in a saggar (bf:d-dcpth 3.0
cm) and heated for 1 hour in a muffie furnace at 320°C in air. The resulting dry
djspé:rsible ceriumn compound powder (0.78 kg) had a crystallité size of S9A
and the nitrate/cerium ratio was 0.14.

20 .100g of the heat-treated cerium compound powder was dispersed by |

stirring in hot demineralized water to form a colloidal dispersion with a

concentration of p 450 g/L cerium oxide equivalent.

Example 3
25 1.22 kg of a dispersible ceria gel (obtained from Advanced Materials

. Resources, Inc. of Toronto, Canada and made by the process as described in
Example 1) was stirred for 30 minutes with 5.5 L of demineralized water. The
resultant colloidal dispersion contained 200 g/L of cerium oxide. The colloidal
dispersion has density of 1.15 g/ml and a pH of 1.8.
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"100 volunme") and water (160 m) was added with stirring to the cerous -
nitrate SUBSTI TUTE SHEET (RULE 26) WD 03/024595 21 14 MAR 2006 J & MAR 2008
PCT/ CAO 50l ution prepared and mai ntai ned at 75C. ng

i nsol ubﬁ%@$%§%§§%r own cerium (1V) pgroxide conplex rapi g%’#@z}g?g?n col our
and after the conplete addition of the anmmoni um hydroxi de/ hydr ogen

peroxi de m xture, a creany- white precipitate of cerium (1V) hydroxi de was
obt ai ned, Mixedd eripiCalloidabDispersionnfealiteiSIureiesas centrifuged and washed
twice by stirring with successive 1 L volunes of distilled water. The
separ at ed e was stirred with distilled water (750 m) and nitric

acid (12.5 mM o ' d LI E,gfrwé ' ' e ratio of

1. The resulti néjé%ul%g 9%3/&?&1#@@ eﬁ'(gzg%l ut - 8??%@%%“%&?@3 to

deaggr egat ' PRt ONiadfs, TRA GHME o 5)0as aAded hWatedirBingr 1y
-The pH sz%%fgéggﬁgﬁéﬁggg%@fsl urrg vE\l/as Iessg?han 1.)1Afat,er cooling, the ,

sl urry snastoCEOtE, iof tigecertutd oxide ¢albiidaladispersibins ({1805l oficeridins bkideed wat er
(150 M) to give a seni-transparent_greeni sh col | oidal  sol. Exanple 2 15 1 -
kg of cerieqmiyalentlpxiatle dsydgseniked wpbxamplead.cMhe thogepiumiviretdansdy with a

nitrate/ cerium oxi tio of ,0.24) wa ed in.a saggar (bed-depth 3.0
cm and heh?’@cg/@rgﬁi\ghfmqtﬁmén%?}lop@ﬂ? °a§:glgzte1g§§@@1 9 F%gﬁ%ﬁ%r esul ting
dry dispersi;bl er 0, 4 e size of
59A and t h&® h}e[ &é@e%d&lmlwgﬁﬁﬁg O&ggjag{dléf%lgg cég%:&bgzﬁ] (g%h a?VHéhtéat ed

ceri um conpoyn | SHEvARG BYriudt b4k Hadi RBohe colRBht) il i zed
water to formgag%:éﬁg{nda %%l?gg@?si on _V\A?%ﬁlta )Elconcent ?ati%n ofﬂ 450 g/ L

cer i umpoxifieap deicddlas iblet E'x:qnmhmraoﬂflm‘?@ﬁnﬁ@noduﬂetdémpmaﬂhbloé‘l(ﬂéf’ﬁ)}a gel
(obtained from Advanced Materials Resources, Inc. of Toronto, Canada and
made by tHe yielkefwedlowinggel pewdenr Exanple 1) was stirred for 30 minutes
with 5.5 L of dem neralized water.. The - :

Example 4B
45 g of a zeolite powder (Zeolyst™ CBV 400 obtained from Zeolyst

15 International; pH 3 to 5) was added with stirring to 0.5 L of the cerium oxide.
colloidal dispersion (100 g/L of cerium oxide equivalent), made as described in
| Example 3. The thixotropic mixture (density 1.20 g/ml, pH 2.8) containing a
~ nominal 72% by weight cerium oxide (based on the total equivalent cerium
oxide and zeolite content) and 28% by weight zeolite (based on the total
20 equivalent cerium 6xide and zeolite content) was spray dried (an inlet
temperature of 180°C and an outlet temperature of 105°C) to yield a free

flowing gel powder.

Example 5 _
25 - 0.59 kg of a zeolite powder (Zeolyst™ CBYV 600 obtained from Zeolyst

International; pH 3 to 5) was added with stirring to 2.0 L of the cerium oxide

colloidal dispersion (180 gfL of cerium oxide equivalent), made as described in

'Example 3. The ﬂﬁxpﬁopic mixture (density 1.28 g/ml, pH 3.3) containing a .

nominal 44% by weight cerium oxide '(baéed on the total equivalent ceriﬁm
'30  oxide and zeolite content) and 56% by weight zeolite (based on the tot_al

equivalent cerium oxide and zeolite content} was spray dried (an inlet
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resul tant col |l oidal dispersion contained 200 g/L of cerium oxide. The.

col l oidal dispersion has a density of 1.15 g/m and a pH of 1.8. 2006
SUBSTI T%gé@oﬁ; s(RULE. 26) | WO 03/024595 22.j A MAR lef,CTP% g@gﬁ“ﬁf@@?
M xed Cerra oi dal Dispersion-Zeokjte Slurries Examl| kg of a
zeolite powder (ZeolystTM CBV 400 obtained from Zeolyst International of
Pennsyl vani a, USA; pH 3 to 5) was added wi th s i,red ) E{) .0 L of the
ceri um oxi tempetatereded 18] gr?@ds'-‘iﬂ(ﬁ?ﬂ(%l%nﬁ‘?rﬂ“ﬁ? p?%ﬁﬂ %ﬁr&f’val ent),

made as degcribed iin Exanple 3. The thixotropic mxture (density 1.30
g/m, pH 3! W@Srﬁ‘ﬁ@ﬂ“ﬁ% -a nom nal 44% by wei ght cerium oxi de (based on
the total equival ent cerium oxide and zeolite content) and 56% by wei ght
zeolite (based on the total equival ent cerium oxide and zeolite content)
was 10 spr (an inlet tenperature of 1800 and an outl et tenperature
of 105C) @kaﬂ{ IEQSa free flow ng gel OV\d.lI%[. le 4B 45 g of a zeolite
powder £ Zeol ySI 0. BBYg4TQ zeblit pmddérr(élrmhes@ yEBV 39 lobtained fiosh gleolysH 3 to
5) was added with stlrrlngtoo Lof the cerju id colI0|d

di sper si onlitepgtipnalipH detoi 1 iy anadded with FHITEH 6n§§§e §§1 8n

o hal 7 @gﬁwcfai‘ it 1A S eEerhat g, éwﬁ%@é@%m@?&?&%% f“?f«’&c*?r i

oxi de and Q CORy; H@dsﬂl&t total 20
equi val entﬁ% §n3OXI e ancf?dzbgoﬁﬁg (gnten )1'28?/ %Qg@f\debé@?ginﬂgleanl et

t enper at ur ﬁﬁn&ﬁ@@/%d}dweigh@ dédigin d;ﬁa@ets@team e téﬁb Ejuivalenit ebdum f r ee
f1 ow ng ge powder anpl™e 5 25 0.59 kg of a zeoli tedpovvder (Zeol yst TM CBV

600 obi@i nefideraid Zeslitgsbntent) and 67% by weight zeolite (based on the total

equivalent cerium oxide and zeolite content) was spray dried (an _inlet

temperature of 180°C and an outlet temperature of 105°C) to yield a free

flowing gel powder.

15 Example?
Different volumes of the cerium colloidal dispersion, made as described

in Example 3, was- stirred with different Weights of a zeolite powder (Zeolyst™
CBYV 720 obtained from Zeolyst International; pH 3 to 5). The mixture of the
cerium colloidal dispersion and the zeolite powder yielded slurries covering the

20 various compositions shown in Table 1.

SUBSTITUTE SHEET (RULE 26)



| nt-er nati onal ;

oxi de col
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el dorfs
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| oi dal

anple 3. The thixotropic mxture (densit

t he total

nom nal

44% by

e

i ght cerium oxi de
content) and 56% by wei ght zeolite

pH 3 to 5) was added with stirring to 2.0 L of the cerium
di spersion (180 g/L of cerium oxide equival ent),

(ypgé'éé‘gmg'ﬁggtzhe

@N? 2006

t ot al

equi val ent cerium oxi de and zeolite content) was spray
dried (an inlet SUBSTI TUTE SHEET (RULE J@pléli4 MAR 2006 WD 03/ 024595
PCT/ CA02101382 23 tenperature of 180C and an outlet tenperature of 105C) to

The feed rate to the spray dryer was 1.7 L/ hour, the inlet temperature was

220°C and the outlet temperature was 109 °C to 116 °C. The feed was stirred

while being sprayed. Table 2 shows the results of the spray drying.

SUBSTITUTE SHEET (RULE 26)

yield a free flow ng gel powder. Exanple 6 5 0. 36 kg of a zeolite powder
(Zeol yst' CBV 300 gbt-ained—tromZeelyst—tntern iu fat-—TRH-5—t-o—r—nas
added vmtﬁ&f_irrlng 0/150 MM<M&M& ol I p dlspﬁlon
(180 g/ L ¢f ceriumidRera equiCexiwm: ), | fedliters jlﬁﬂzmed Marﬁpl e 3.|{The -
t hi xotropilc m xturg (density Coli3dal M H 3.7) (Epntain @nﬂ% nony nal 3% by
wei ght ceti um oxi dg¢ (based ohith&sidd #/ equi valent ceripm ox| de ang
zeolite content) and 67% by T zeglite (ba>ed on the total eguival gnt
cerium oxitde-and-—zgoli - SPY-ay—eF {ar—-et—tenperatur e of
180C and ad outl et ] i 3%90’\” e QQ; free| LB3oui nn E\sl
powder. 1%52Exanpl e |44Di f f er edt00vol ume$ 300 the tdrisum col 1@&7dal. d] 3ders| on,
made as d¢ §Cr1 bed [igy Exanplg 3 - was $oispred W ghyodi 1 ef grpg wei ghgp of | a
zeolite CB}) ' St T | — PH 3
t05). Th e e, ﬁfd’m”i"nf‘l Pl IR SRR 2 I%@:—t—e
powder vyi tlsded sl ur r7|2es cove rlr% t he '>éovar| QLS Tf@%nqn 120 sholbf8 n frabl e
1. SUBSTI TUTE SHEET (RULE 26) 1 4 MAR 2006 WO 03/ 024595 PCT/ CA02/ 01382
! The weight % was based on the total equivalent cerium oxide and zeolite
5 content.
Spray Drying of Mixed Ceria Colloidal Dispersion-Zeolite Feeds
Example 8 '
All the feeds prepared from Example 7, easily pass through a 150 pm
10 sieve. There are small quantities of tramp material (-il%). The feeds were
~ allowed to stand for 24 hours at 22°C prior to the spray drying. Feed 1 showed
no evidence of sedimentation. Feeds 2 to 5 show sedimentation; however, the
sediment was easily re-slurried by shaking or gentle stirring.
The spray drying of larger amounts of the feeds was carried out using a
15 Mobile Minor spray dryer (nominal evaporative capacity, 5 kg water per hour).



24 Table 1 Vol unme of Mass of Slurry FeedW % Cerium Zeolite Total Densit PH
CerialCol | oi dal 1Vol urme(, g/ M) Dispersion 1330.753500. 921.333.3 44 MAR 2008
2441. 003QQl3l405273. 1 3541. 252501. 401. 243. 0 4641. 502001. 03¢ Le%019s2

5721. 00901. 0251. 202.8 ' The wei ght %asas based on the total equival ent
cerium oxide and zeolite 5 content. Spray Drying of Mxed Ceria Coll oidal
Di spersion-Zeolite Feeds Exanple 8 Al the feeds prepared from Exanple 7,
easily pass through a 150 pm 10 si evEablenkre are smal | guantities of tranp
material (<1%. The feeds were allowed to stand for 24 hours at 22C prior
to the spray dryi ng Feed 1 showed ~no evi dence of sedinmentation. Feeds 2

to 5 show segiventation hu eT, n r1edlb
shaki ng or le stir he spr £ of %?alg?_isea J%Dﬁ%#’rv? Te fegds
was carried out using. MEB!ZE&QI o Yigl ayQhixed, s(nom nal evapor atji ve
capacity, B kg water pgFebd(kg). Powder (kg) | Powder (kg) - :

1 162.5 68.3 64.0 95

2 1.210 0.400 0.414 102°

3 1.214 0.367 0.435 118'

4 1.620 0.439 - 0.435 99

5 1.065 0.268 0.235 87

Average % . 1100

Recovery

_ ! These yields are greater than 100% due o sequential reactions without
5~ washdown of the spray dryer.

The gel powders, as described in Table 2, are'spheriéal and free-flowing. The
gel powders were examined by thermogravimetric analysis to determine the
pfﬁferred heat treatmcﬁt'temperature and then were subjected to heat treatment
10 at 500°C (the gel powder is heated at a rate of 100°C /hour until it reaches a
temperature of 500°C, where the temperature is held for at least 1 hour), where
weight loss and/or NO, emissions was observed. Assessment of these spray

dried ceria-zeolite gel powders are given in Table 3.

15 : Table 3
Feed Wt% Ceria' Tap Density
: (g/ml)
H 33 0.55
2 . 44 0.56
3 54 ' 0.68
4 64 0.80
5 72 0.94

! The weight % was based on the total equivalent cerium oxide and zeolite
content. '
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The feed rate to the spray dryer was 1.7 L/ hour, the inlet tenperature was
- 220C and the outlet tenperature was 109 Cto 116 T. The feed was st-”' MAR 2005

whi | e beaypgsspisvyed. Table 2 shows the results of the spregyr@losionss:
SUBSTI TUTE SHEET (RULE 26) 14 MAR 2085 WO 03/024595 PCT/ CA02/ 01382 25

Table 2 Mass of Theoretical Actual Yield FeedSpray Dried Yield of Gel of
CGel % Recover Feed (kg)Powder kPowder k 1162.568. 364.095 .
21. 2100. 4000. 41Kinee tE1dasity deroaigseh higher dbap theadenstysefgeolite, the

5. S o i RS IS A
- ' ' | : f - f ing. Th
gel _ponder SeBrae LRI (R Regr Al DROTHER! SETt pRPse Bo BRI e

preferred atment tenperature and then were subjected to heat
t reat ment at  500C (the gel powder is heated at a rate of 100C /hour
until 4 reaches a’

Non-Leachable Ceria-Zeolite Gel Powders

Example 9 |
10.0 g of a ceria-zeolite gel powder (Zeolyst™ CBYV 720 obtained from -

Zeolyst International, pH 3 to 5), prepared as described in Example 8 (except
10 not heat treated at 500°C) and containing 4.4 g'of cerium oxide (44% by weight
cerium oxide), was added to 100 ml of water and heated to 70°C for
approximately 10 minutes. This solution was then centrifuged and to the
resulting clear supernatant (leach liquor) was added ammonium hydroxide,
- which precipitated any ceria dissolved in the supernatant. Only 0.35 g of ceria

15 was found in the leach liquor.

Example 10
10.0gofa ceria-zeolite gel powder (Zeolyst™ CBYV 600 obtained from

Zeolyst International; pH 3 to 5), similarly prepared as Example 5 (not heat
20 treated at 500°C) and containing 6.5 g of cerium oxide (65% by weight cerium
oxide), was added to 50 ml of water and heated to 70°C for approximately 10

minutes. The conductivity was measured and found to be 10 x 10”* Siemens.

Example 11
25 10.0 g of a ceria-zeolite gel powder (Zeolyst™ CBV 600 obtained from

Zeolyst International; pH 3 to 5), similarly prepared as Example 5 (not heat
treated at 500°C) and containing 4.4 g of cerium oxide (44% by weight cerium
oxide), was added to 50 ml of water and he_at;ad to 70°C for approximately 10
minutes. The conductivity was measured and fouﬁd to be 6.4 x 10 Sieméns.
30 Increased cdnducﬁvity equates to more leaching of c.eria, thué, Examples

10 and 11 show that with increased loadings of ceria, the éonductivity_ seems to
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tenperature of 500C, where the tenperature is held for at least 1 hour),
where weight |oss and/or NO, em ssions was observed. Assessnent o{) ARSRI6
spray dried ceria-zeolite gel powders are given in Table 3. 15 Talfe 3
FeedW %WREHI35 Density Iml 1330.55_2 . 440.56 3540. 68 48%3"@928¥39 94
The wei ght % was based on the total ¥Equival ent cerium oxi de and zeolite
content. SUBSTI TUTE SHEET (RULE 26) 1 4 MAR 2005 WD 03/024595

donsi 1y of BERoE FOpiEohELE IR by Rt s hodiel UMMAR | 0°

density of 0 experinent shown 1n Table 3

confirms t h@hgﬁﬁgiﬁ@fe:h%d withilighdrheadiaps, dt Eebdencfogal thatysanpleathenhe
percent by wel ght” ceria increases, the density increases. Non-Leachabl e

Cer i a- Zeol i treat€é lat Ranplaatiresessitian abot02Q0°¢, dypisalerhavedesy than 3986 byowder

(Zeol yst CBV 720 obtained from Zeolyst Internatiqnal; pH 3 1p 5), epar ed
as descri begeight of dipeariyn oxidec(hased on #&ﬁfqtéaﬁq“w %Hteqfﬂé&lﬂséh‘%)cg&%‘%

cont ai ni_ng 4. ,of cerium oxide (44% by wei ght cerium-oxide), was added to
100 m ef v!zﬁ?é?ggﬂdvﬁ%t ed to 70C for approximatelly 10 nminutes. This

- solut’ on vas thefgahhhklioee At %@iéffflﬁn%ée wa\%}gﬁa&ééﬁé%és%em@nt

(leach I'iquor) was a anmoni um oxl| precipitated any ceria
di ssol ved igkilBR oattdelcottaN Exferinierfls shéw andhcreasing cotfelaton betwedni n t he

| each |i quor. . '

‘high resultant densities of the cerium oxide-coated zeolites and higher loadings
of cerium oxide. Suxpﬁsingly, the stability of these coated zeolites, even

10 * without heat treating the cerium oxide-coatf,;d zeolites above 500°C, is quite
high, as recognized in Examples 9 to 11. '

Although preferred embodiments of the invention have been described

heréin in detail, it will be understood by those skilled in the art that vaijiations
may be made thereto without departiﬁg from the spirit of the invention or the

15 scope of the appended claims.

SUBSTITUTE SHEET (RULE 26)




Exanple 10 10.0 g of a ceria-zeolite gel powder (Zeolyst CBV 600 obtained
from Zeolyst International; pH 3 to 5), simlarly prepared as Exanple 5
(not heat 20 treated at 500C) and containing 6.5 g of cerium oxide (65% by
wei ght cerium oxide), was added to 50 m of water and heated Mﬁ\ﬂb%{%(‘;&{)
approxi mately 10 mnutes. The conductiviZy was measured and foun 0 be 10
x 10"3 Sienens. Exanple 11 .25 10.0 gs(fi{ﬁwigri a-zeolite gel powder

(Zeol yst CBV 600 obtained from Zeoly national; pH 3 to 5),
simlarly prepared as Exanple 5 (not heat treated at 500C) and cont ai ni ng
4.4 g of cerium oxide (44% by wei ght cerium oxide), was added to 50 m of
wat er and heated # r&%sfﬁn@ﬂ@ﬁ%éidﬁ?dl?ﬁ&'r&@ eafthHE@S oxiRecqpaduct i vity was
measured and found to be 6.4 x 10-3 Sienmens. 30 Increased conductivity
equat es t o nonerdpermisi payticfilatemateria hasingfhea rplesmarthl®etal dxide sdubed dhat with
i ncreased_ | oadi ngs of ceria, the conductivity seens to SUBSTI TUTE SHEET
(RULE 26)° WOPBIST §orfaegs of saidimigeponnts pw@wl@éomtﬁmézsm@rm%compmmg

proporti onatﬁ#y %@?h nmeans nore | eaching of ceria. Al though | eaching
i ncreased wi %li? | oadi ngs, it has been found that, sanples heat

L1eat ed al 't emor il ur egohsiink AN ARAH o (RA0oi ARGk Libn DYR. LiREmihan 20%

by weight of the “cerium oxi a on the tot equi val ent cerium oxi de
content) 5 beidethyidrito widi eiconPacibke sxaopbaisqdriibilateamataail tafgen af wei ght
percentages of cerium  oxide-coated zeolites. Experinments show an

i ncreasi ng celrre saifgnicsenatous pariicyitate esaterial-havieg entivemgsfparb gizedessum

oxi de-c ed.zeqlites. and. hi gher. | gadi,ng of, cerium.axi de. Surpr.isingly,
Che- o ot yaBbe hagisTe izf o Subsaliadh Brnstsioh: ig DRUBORABEEDY Sak  ng t he
cerium oxi dex . j t.e 0 i ite. hi - nized in
Exanpl es 9 t%&ﬁaﬁﬁlgﬁ%igoﬁ%}e edrﬁr%ggggf%:gg%ﬁg#dsﬁﬁ%rgkﬁ%ﬂsﬁééﬁﬁg% have been
~described  material; and

i) heat treating said slurry to fix the rare earth metal oxide to the

outer surfaces of the microporous particulate material.

15
2. The process of claim 1, wherein said heat treating comprises heating
said slurry at a temperature sufficient to drive off sufficient water from said
slurry, to form a free flowing bulk particulate.

20 3. The process of claim 1, wherein said slurry comprises nitrate ions and

during said heat treating is conducted at a temperature sufficient to decompose

at least some of the nitrate ions to gaseous components,

4. The process of claim 1, wherein said process further comprises milling
25  said rare earth metal oxide coated microporous particulate material to provide

particle sizes in the range of 1 to 25 microns.

5. The process of claim 1, wherein the amount of the colloidal dispersion is
sufficient to provide, when heat treated as per step (ii), greater than 20% by
30 weight of the rare earth metal oxide coated on said outer surfaces of said

microporous particulate material, based on the total equivalent rare earth metal



herelnlndet éi I, it wil | be under st ood by those skilled in the art that
variations may be nmade thereto without departing fromthe spirit of the
invention or the 15 scope of the appended clains. SUBSTI TUTE SHEET (RULE
26) 28 CLAIMS 14 MAR 2006 1. A process for making a catalytic rare earth
met al oxi de-coated nicroporous particul aige material having theMAR&08art h
net al oxi de coated on 5 outer surfaces of said m croporous particul ate
material, Sabﬁidﬂﬂﬁhﬁ&r@?ﬂ@ﬂsﬁiaﬂ@wlﬁﬁé&n&ﬁeﬁ@sc@nﬁtenf,)samﬁﬂﬁirﬂbﬁﬂnﬁn amount ~of
a colloidal dispersion of rare earth netal oxide hydrate with a conpatible
ni cropor ous parttdudate aeaterial aniing an avewmgmpore sizgrofilesssthian 20cawpsaidus
particul ate erd al.. havi ng, an average pore size |less 10 than the particle
Si7e of oai dCRBPIB! HiSPERH RGNS DABCISHS LR IERE L0 e WsISie Bhl

di spersion o 58 1.d -m hcul mat eri al ;
and ii) heat ﬂ?%t}e}g?a?ﬁ%%seéi%gg pohﬁr ry %%éﬁgﬂ%%ﬁgﬁ%%ggggﬁ{&n%ﬁﬁy%%’l de to the
out er surf acesmpératu?e beldi ABORIC2T0°ERabbee hBSEt 400°ET bRkequitidl The process
of claim1, wherein said heat treating conprises heating said slurry at a

t enper at ur e sabirzitens theredf wherah Sasldloiryiie heatataed,ffisthy sati tdmperatores, to
forma free flow ng bul k Earti culate. 20 3. The process of claim1, wherein

said slurry belesrplaeu 2007 and sesprdlynabovriabent 41, tockix the resultant rage
duct ed at t. fficient fo d t | . f th
nitrate i onsetdh GRESGNYE Sr St odir Srfadas ol SR i GropPraups TR o her ei n sai d

process {ur t hkeATRY hRRNICY bk Mo 28 158k fafitfoar h metal oi de coat ed
0

m croporous particu e material t rovide particle sizes in the range of
1 to 25 crons. 5. The process of claim1, wherein the amount of the

coll oidal dispersionis sufficient to provide, when heat treated as per
step (ii), gbeateflbeipaocezs®fislaim ! or claim 5, wherein said microporous particulate

material is a compatible aluminosilicate.

7. The process of claim 6, wherein said microporous particulate material is

15 acompatible zeolite particulate material.

8. The process of claim 7, wherein said slurry is heat treated, firstly, at

temperatures below about 200°C and secondly, above about 400°C.

20 9. The process of claim 8, wherein the rare carth metal oxide is selected
from the group consisting of oxides of lanthanide metals, yttrium, scandium

and a mixture thereof.

10.  The process of ¢claim 9, wherein the rare earth metal oxide is an oxide of

25  cerium.

11.  The process of claim 7, wherein said colloidal dispersion has a pH of

less than 4.2 and said colloidal dispersion is crystalline.



30 weight of the rare earth netal oxide coated on said outer surfaces of
said mcroporous particulate material, based on the total equivalent rare
earth nmetal 29 14 MAR 2006 oxi de and m croporous particulate materi al
content, said mcroporous particulate erial having an aveuagea resiw Si ze
of less than 20A and said colloidal di rsTg rsion having a particle size of
at | east 20A;,wherein the step.of eat. treatin er _ste il ), further
Compr 1 ses hobd- t r SaF P S Pl iS -y itein Sif brasdsSRimBHEt: b dhuitbooc
above about AQOGa GHCIAGHRMNG!sai FRHD bRH nRASI SHRE 20kt bPorakd slurry

i s heat treaﬁeg afi rcstﬁy, at gesrarlper atur esmege]l ow aboute%%% @%@ secondl y,

above about géiCuladi®nfateridlie pireside particle 8i-2s e did fangelodl] o Imiamnsai d

outer surfaces of said mcroporous particulate material, to provide a free

flow ng bul k particulate. 10 6. The process of claim1 or claimb5, wherein
material js a,c atible aluninosilicate. 7.

sai d m croporpus rticul at

The process. bf- ol ARFPEOCSIAT ElAsh hereity SO SBHY ISdIet BGREORE SRRI | 5

15 a conpati | ke-pard 1 cul j . f Pm7,
wherei n ai daSru o USRI PR R ity A8 BURLEEIRGG BT L
200C and secgnghys thrpayre about 400C. 20 9. The process of claim8, wherein
the rare earth netal oxide is selected fromthe group consisting of oxides
of lanthanide netals, yttrium scandium and a m xture thereof. 10. The

process of cir%imQ wherein the rare earth netal oxide is an_oxide of 25
cerium 11. ¥he plbewsecess of chainm % whireiesaid salleidabdispersion af migcartn has a

fool h . i d I i dal di i i | i .
o ot oS BRI o AR S S SRS T G 50 1
further stepg, 'dg}lsfshﬁg ofAGHIEF HThletdiNEn R 4 i GuBffietl Wi Hfe

coated m croporou
earth metal acetate, a rare earth metal perchlorate and a mixture thereof.

15.  The process of claim 7, wherein said colloidal dispersion of rare earth
15 metal oxide hydrate is made from a lanthanide metal salt substrate selected

from the group consisting of a lanthanide metal nitrate, a lanthanide metal

chloride, a lanthanide metal acetate, a lanthanide metal perchlorate and a

mixture thereof.

20 16.  The process of claim 1, wherein said colloidal dispersion is dried to a
gel and subsequently reconstituted in water to form said colloidal dispersion

used in step (i).

17.  The process of claim 7, wherein said zeolite is mixed with water and an

25  acid 1s added to provide a pH of less than 4.2.

18.  The process of claim 7, wherein said zeolite is mixed with water and

provides a pH of less than 4.2.



particulate material to provide particle sizes in the range of 1 to 25
mcrons. 5 13. The process of claiml, wherein said slurry is heat treated
usi ng spray drying, tray drying, freeze drying, solvent drying, flash
drying techniques or a mxture thereof. 14. The process of claim?7,
wherein said colloidal dispersion of rareyjearth 10 netal oxi feMMRIZEO® is
made froma rare earth netal salt selected fromthe group consisting of a

rare earth midal fihermbdecssafickim Bawhbreifetall coliloitdl despedsibaieprepatddtonet al
acetate, a rare earth netal lEerchl orate and a m xture thereof. 15. The
process of cPmdatamingdcenfioled thngslafsiollaidadipapicleisings of 204080dqrihto 15

nmet al oxi de t} ﬁ;atﬁqifq ﬂgﬂg froma |l anthanide netal salt substrate sel ected
fromthe groué S f a lanthanide netal nitrate, a | anthani de netal
chloride, a | anthani de netal acetate, a | anthanide nmetal perchlorate and a
m xture thereof. 20 16. The process of claim1, wherein said coll oidal

di spersi oft i 20dri qhetRodess@FlclANA1 S UPRQRUEPIPUrdtRALHSIdid UbREidah Water to
formsaid colloidal dispersion used in step (i). 17. The process of claim

7, wherei n sdispersaon,iltayingsaiil pectaternhined particle dizerof 2btaf0 A, ¢empdskesctheo
provide a pH of |less than 4.2. 18. The process of claim7, wherein said
zeolite is nP%B8OK th water and provides a pH of less than 4.2. 31 14 MAR

006 19. Th cl ai wher el i d _coll oi.dal , di ion |
orepared to o pr ihot oPHHEA bain HBf FEdORER pErds Hiftdh bEpBHBIETES 2es
of 20 to 50Aca®9nickal s%%o?%ﬁ%ggii%liagg%ﬂc%a&ﬂ-méﬁ?hﬁ&ﬂﬁﬁ&é s&hgsh,aérm 19,

wherei n preparation of sai i spersion, having sai

predet erki ned parbj cl e &idimg aktrdfg koidAhe ¢oreardemetd hrydséeds sefutiod)to
m xi.ng a base and hydroIge_n peroxide with a hydrolyzable rare earth mnetal
salt sol uti oBrovdethe ejlcadalgispassiontofireregartytetsli ckeds by duaitm rwhermin the b)

i i.d . th. I j.d | ut t
adding a st rgt?gngagclzl 1;% ?:alga e B?Eigaggar%gannnéa & coqf/oqgﬁxdisgergi%nuofl rg:lr']e ee?rth

metal oxide hydrate.

15 21.  The process of claim 19, wherein preparation of said colloidal
dispersion, having said predetermined particle size of 50 to 70A, comprises the
steps of:

a) mixing a base with a hydrolyzable rare earth metal salt solution,
whereby air is bubbled into said solution, yielding a rare earth metal hydroxide

20 solution; and

b) adding a strong acid to the rare earth metal hydroxide solution to
provide the colloidal dispersion of rare earth metal oxide hydrate, wherein the
strong acid is capable of deaggregating the colloidal dispersion of rare earth
metal oxide hydrate.

25 |
22. - The process of claim 19, wherein preparation of said colloidal
dispersion, having said predetermined particle size of 100 to 150A, comprises
the steps of:

a) mixing a base with a hydrolyzable rare earth metal salt solution,

30  in which the rare earth metal has two oxidation states;



provi de the colloidal dispersion of rare earth netal oxide hydrate, wherein
the strong acid is capable of deaggregating the coll oidal dispersion of
rare earth nmetal oxide hydrate. 15 21. The process of claim 19, wherein
preparation of said colloidal dispersion, having said predetgryj 6
particle size of 50 to 70A, conprises t hé2 steps of. a) mxing a base with

hydr ol yzabl h I ion, whereby air is bubbled i
2 T ol yzable {ape eI Bledi s able e 2 el BBk
adding a strgpeiALhit f iafa h 25 SR NAThIhrdAL QiufiGnsalat i on (o provide

i ne ydrate,

t he col |l oi da spersion of rare ear oxI de nydr wherein the

strong acid is cappbl ea@dindeagey 18l @ th@ir€ ehttl ntkhl Wy EBRIdRI soutlin fAr e
earth nmetal oxide hydrate. 25 22. The process of claim 19, wherein

pr epar at i on pfovids thecmilloodal alispedsisperfsarerearthomicted oxadalhyiratie wdreméingte
particle size of 100 .to 150A, conprises the steps of: a) mxing a_ base
with a hydr obtondhradigeap @pﬁdﬁ@gapg%tmgﬂ@cﬂ@w&{dlsmsmﬁ offpeereate rare

earth netal t 0X|J ion states; 32 14 MAR 2006 b) allow ng the
ARG MRPRHaAl

hydr ol yzabl e salt solution to slowwy oxidize in air to
yield a rare earth netal hydroxide solution; and c) adding a strong acid to
the rare earth netal hydroxide solution to provide the coll oidal

di spersi on o023.r ar €heprédessrof alaimx2 (G eviydinathe strohgragidist sedectéd fonothg acid is
capabl e of deaggregating the colloidal dispersion of rare earth netal

oxi de hydr at goupFonsiseingadguts astid chdrackloricwsed andhpereblenie agig- acid i s
selected fromthe group consisting of nitric acid, hydrochloric acid and

per chl or'Oc acid. 10 24. The process of claim?21l, wherein the strong acid is

sel ected froftherhe process of claim 21, wherein the strong acid is selected from the

group consisting of nitric acid, hydrochloric acid and perchloric acid.

25.  The process of claim 22, wherein the strong acid is selected from the

15  group consisting of nitric acid, hydrochloric acid and perchloric acid.

26.  The process of claim 23, wherein the strong acid is nitric acid and said

colloidal dispersion of rare earth metal oxide hydrate comprises nitrate ions.

20 27.  The process of claim 24, wherein the strong acid is nitric acid and said

colloidal dispersion of rare earth metal oxide hydrate comprises nitrate ions.

28.  The process of claim 25, wherein the strong acid is nitric acid and said

colloidal dispersion of rare earth metal oxide hydrate comprises nitrate ions.
25

29.  The process of claim 26, wherein said free flowing bulk particulate is

nitrate ion-free.

30.  The process of claim 27, wherein said free flowing bulk particulate is

30 nitrate ion-free.



group consisting of nitric acid, hydrochloric acid and perchloric acid. 25.
The process of claim 22, wherein the strong acid is selected fromthe 15
group consisting of nitric acid, hydrochloric acid and perchloric acid. 26.
The process of claim 23, mhereln the strong acid is nitric acid and said
col | oi dal dispersion of rare earth netal 3gxide hydrate conprikidAdl 2004 e
ions 20 27. The process of claim 24, wherein the strong acid is nitric acid
and said coBlloi ddheqirspsssifetainf 28,avkerenr $did fricdlowitigdsulR pditedidaedspr i ses
nitrate ions. 28. The process of cIa|n125 wherein the strong acid is
nitric acid aHemigigntfregol | oi dal di spersion of rare earth netal oxide
hydrate conprises nitrate ions. 25 29. The process of claim 26, wherein
said free flowing bulk particulate is nitrate ion-free. 30. The process of

claim 27, whepei ”T’ﬁ@ fggéésg%cééﬂﬂyeﬁ%ﬂ) Qulds 282 e?élh%ggrér% eattl. diktal @eg

ion-free. 33 14 rocess of claim wherei n sai Fis ree

flow ng bful ks@éﬁt&d@drﬁ&l@e Efoupddrsafiidgl ¢y far€ eartB ZactdNEitii) @aafe enfler ding to
claim20, wherein the rare earth netal salt is 5 selected fromthe group

consi sting ometalrcdileride rattargrearth meitalraaetate, & rane eansh mdtahparehlociteandde, a
rare earth netal a rare earth netal perchlorate and a m xture

t her eof . 33. RRI ?)ﬁ%ﬁf%% according to claim 21, wherein the rare earth
netal salt is 10 selected fromthe group consisting of a rare earth netal
nitrate, a rare earth netal chloride, a rare earth netal acetate, a rare

earth metal perchirge @E@‘ce%@ﬁc@ord[ﬂ%fd’élﬁnﬁ her %Erelﬁ‘l:he 148 ertHQﬁét%% gacqyr di ng

to claim 22, wherein'the rare ear metal Salt i1s 15 selected fromthe
group cokki s$elage(bffrcﬂn tlee groagy ddnsiveinglofry tar@berth anotal witras, arareéath
chloride, a rare earth netal acetate, a rare earth netal perchl orate and a

m xture t herBstal chiridema rpreoearts metal acatatey are panthmzsal pavehlerateand a ar e

earth metal Illﬁxture thereof.

34.  The process according to claim 22, wherein the rare earth metal salt is
15 selected from the group consisting of a rare earth metal nitrate, a rare earth
metal chloride, a rare earth metal acetate, a rare earth metal perchlorate and a

mixture thereof.

35.  The process according to claim 20, wherein the rare earth metal is
20 selected from the group consisting of lanthanide metals, yttrium, scandium and

a mixture thereof,

36.  The process according to claim 21, wherein the rare earth metal is
selected from the group consisting of lanthanide metals, yttrium, scandium and

25 a mixture thereof.

37.  The process according to claim 22, wherein the rare carth metal is

selected from the group consisting of cerium, europium and a mixture thereof.

30 38.  The process of claim 1, wherein said microporous particulate material

has a pore diameter less than 10A.



20 selected fromthe group consisting of |anthanide netals, yttrium
scandiumand a m xture thereof. 36. The process according to claim?21,
wherein the rare earth nmetal is selected fromthe group consisting of

| ant hani de netals, yttrium scandiumand_ 25 a m xture thereofs gk 2dde
process according to claim?22, wherein tR¢ rare earth netal is selected
fromthe group consisting of cerium europiumand a m xture thereof. 30 38.
The process of claim1l, wherein said mcroporous particulate material has
a pore di anegegr | : MR i.m 7,
wherein the gg'l I 033‘§|ﬁr§.@é§83§’?§aéﬂa‘iﬂ% pH 0199) I@gg(gal %T%%ﬁﬁ?ﬁ%ﬁ%%l sgi?g@ggeri um
oxi de hydr at dmnat.2 andyaidatdrivig oxbdedRydrites ape oegsaliaé. cl aim 7, wherein said
process conprises a further step (ili) that includes mlling said rare
earth netal oxide coated zeolite particulate material to provide particle

sizes in he4éang of 1to %5 m c onﬁ. 41. .The process pof claim7, wherein
said slurty "% hedPeiachss oT Glaimy/.ophersing grid pro ?CPWSS?ﬁiﬁﬂ-g]elﬁt%ze

dryi ng, sol ves j | i i i f. 42.
1 g 00 VERD B MR kAL Pl SRRTRAUP SIS oted e BabhS1AET
netal oxide matridl@oipsodde Pattikt Qided en Medfanke ofade X9 Ae@nseri um salt 15
substrate selected fromthe group consisting of a ceriumnitrate, cerium
chloride, ceriumacetate, ceriumperchlorate and a m xture thereof. 43. The

process of cl fi m 12, wher ei n [)r,epar ation of said colloidal _ dispersion,
havi ng sai d Bfeded 8 WS ghriainl & whersipsaig glursy sorcat saind whRg spay 20

t fi b d hyd i.de mith a.h | yzabl [
Sart sol U o3Pl e A iy SHYRREBGRE e it BBl Reafi g 2
strong acid LRx®@ thezdgft UM (1V) hydroxide solution to provide the

col | oi dal dispersion of cerium oxide hydrate, wherein the strong 25 acid
i s capabl e of deaggregating the colloidal dispersion of cerium oxide

42.  The process of claim 7, wherein said colloidal dispersion of rare earth
metal oxide hydrate is a cerium oxide hydrate made from a cerium salt
15 substrate selected from the group consisting of a cerium nitrate, cerium

chloride, cerium acetate, cerium perchlorate and a mixture thereof.

43.  The process of claim 19, wherein preparation of said colloidal
dispersion, having said predetermined particle size of 20 to SOA, comprises the
20  steps of:
a) mixing a base and hydrogen peroxide with a hydrolyzable cerium
salt solution, yielding a cerium (IV) hydroxide solution; and
b) adding a strong acid to said cerium (IV) hydroxide solution to
provide the colloidal dispersion of cerium oxide hydrate, wherein the strong
25  acid is capable of deaggregating the colloidal dispersion of cerium oxide

hydrate oxide hydrate.

~44.  The process of claim 19, wherein preparation of said colloidal
dispersion, having said predetermined particle size of 50 to 704, comprises the

30  steps of:



hydrat e oxi de hydrate. 44. The process of claim 19, wherein preparation of
said colloidal dispersion, having said predeterm ned particle. size of 50
to 70A, conprises the 30 steps o 35 14 MAR 2006 a) m xing a base with a
hydrol yzabl e cerium salt solution, whereby air is bubbled into said
solution, yielding a cerium (1V) hydroxi dg solution; and b) kdWiAdy2@06
strong acid to said cerium (1V) hydroxide solution to provide the coll oi dal
di spersi on of ceriaym oxicdénghy basd withwhieydrolyzabk sirivangalt Sohtion, iwhetstpabl e
of deaggregating. the caolloidal dispersion of ceriumoxide hydrate oxide

hydrate. 45. a¥isbpbbleddntasaid salutongyieldiag & serivine pBV alydsexisie sodutions @indoi dal
di spersion, having,said,predeterm ne article si f,100. to,150A
conprises 10 the%gt ep§d ng)a Frong,act tgﬁ@’él WM@W%%‘%&% fum sal t
sol ution; b) QAR \V/ : i | Uk y
oxidize in giﬁ%‘hteo yi eqlgﬁggc(gﬁﬁﬁgn%?ﬂﬁceﬁ@@ ggil(%g{%dcr) ut ?}éfﬁ?é}%% %&%di ng a
strong acyd tcidssicdpatde iofibeigdeghynsl the citloiddlwdismitsion oflerivhovkide t he

col | oi dal di spersion of cerium oxide hydrate, wherein the strong acid is
capabl e of d&udtegsidedydrate. col | oi dal ~di spersion of ceriumoxide hydrate

oxi de hydrate. 46. The process of claim 19, wherein the strong acid is
selected fromthe 20 group consisting of nitric acid, hydrochloric acid

and perchl orjje aci -0C i . BN trong acid
is selected ??bm ?ﬁg péé?egg%?&%g} gﬁﬁfg@%ﬁ @:CE%I fﬁ?logg}g{a‘f%c/(&l}@?ﬁfo” c acid
and per chl or dspaiich, h9irtSsaid peedt@esingd phrifdi@sebt 10008 BIOA tdo@nHide’n
acid is selected fromthe group consisting of nitric acid, hydrochloric
aci d andl(per the stepscofaci d. 49. The process of claim46, wherein the strong
acid is nitric acid and ;said  colloidal dispersion of ceriumoxide hydrate
conprises nitrat e?) onsMmizmg a base with a hydrolyzable cerium salt solution;
b) allowing the hydrolyzable cerium salt solution to slowly oxidize
in air to yield a cerium (IV) hydroxide solution; and
c) adding a strong acid to said cerium (IV) hydroxide solution to
15 provide the colloidal dispersion of cerium oxide hydrate, wherein the strong
acid is capable of deaggregating the colloidal dispersion of cerium oxide

hydrate oxide hydrate.

46.  The process of claim 19, wherein the strong acid is selected from the

20 group consisting of nitric acid, hydrochloric acid and perchloric acid.

47.  The process of claim 44, wherein the strong acid is selected from the

group consisting of nitric acid, hydrochloric acid and perchloric acid.

25 48.  The process of claim 45, wherein the strong acid is selected from the

group consisting of nitric acid, hydrochloric acid and perchloric acid.

49.  The process of claim 46, wherein the strong acid is nitric acid and said

colloidal dispersion of cerium oxide hydrate comprises nitrate ions. .
30 |



36 14 MAR 2006 50. The process of claim47, wherein the strong acid is
nitric acid and said colloidal dispersion of ceriumoxide hydrate
conprises nitrate ions. 51. The process of claim48, wherein the st rong
acid is nitric acid and said 5 coll oidal dlsperS|on of ceriuy

conprises nitrate ions. 52. The process 30 claim 49, wherein sal d ree

Lo 8 Ot kTl S P Suohd o) PR RR g £
The process efgl fspdi dﬁ@f@éﬂhﬁ%&%é@g@g@ i RYftapgohioul ate 1o

nitrate ion- ree rocess ac wherein the
ceriumsalt is selected fromthe group consisting of a cerl umnitrate, a
ceriumchloride, a cerium acetate, a cerium perchlorate and a m xture
thereof, 20 56. THéeprowsssfatior4s, rvghezreimﬂhaisnmg acwhisrsinc a¢id apdrsaidn sal t

IS select d he group consis gof a ceriumnitrate, a cerium
chl ori de, Sea E%l:i?lg] lﬁﬁ%ﬁs&’tne(’fc‘éew 3@ CemPESEE BIUEHEI19MSi xt ur e t her eof .

57. The process according to claim45, wherein the ceriumsalt is selected
25 fromthe group consisting of a ceriumnitrate, a ceriumchloride, a

cerium acet akg, aThg 'j;iré’cf@s@%!f%m&f@ Qv HEinPs 2 Héérfﬁ)&i?%rtﬁigfé apfeuldfegs Pr ocess

of claim49, whereinthe nole ratic of nitrate 1ons t iumoxide in
said colloi daitraﬂeaneﬁeeon is in the range of 0.12 to 0.25. 30 37 14 MAR
2006 59. The process of claim50, wherein the nole ratio of nitrate ions to
cerium oxide in said coll oidal dispersion is in the range of 0.12 to 0.25.

corium B ourde | NOERTORSER oF s/ Sl Bt il ik paranigRis [

0. 25. nitrate ion-free.

54.  The process of claim 51, wherein said free flowing bulk particulate is
nitrate ion-free.

15
55.  The process according to claim 43, wherein the cerium salt is selected
from the group consisting of a cerium nitrate, a cerium chloride, a cerium

acetate, a cerium perchlorate and a mixture thereof.

20 56.  The process according to claim 44, wherein the cerium salt is selected
from the group consisting of a cerium nitrate, a cerium chloride, a cerium

acetate, a cerium perchlorate and a mixture thereof.

57.  The process according to claim 45, wherein the cerium salt is selected
25  from the group consisting of a cerium nitrate, a cerium chloride, a cerium

acetate, a cerium perchlorate and a mixture thereof.

58. The process of claim 49, wherein the mole ratio of nitrate ions to

cerium oxide in said colloidal dispersion is in the range of 0.12 to 0.25.
30



61. The process of claim3, wherein said rare earth netal oxide coated on
the outer surface is in the range of 20 to 70% by wei ght based on the total
equi valent rare earth nmetal oxide and zeolite content. 10 62. The process
of claim®61, wherein said rare earth netal oxide is cerium oxide. 63. The
process of claim7, wherein the zeolite i3 represented by thel%¥AR2e0015
M"™ Mr Mp[aAlQ2 b SSI2 cTA2] wherein Mis a nonovalent cation, M is
a dival ent céabi onThez@oddssicd chaitir S@avbereirctic mole mtiolnf nmitrate, iohsto edrilp ar e
nunbers which reflect the stoichionmetric proportions C, in, nor p can
al so be zer 09X igfaidsollgidak dispersiounisiin jhesaegiofd btod.28nd’ Si at ons, and
Tis atetrahedrally coordinated netal atom being able to replace Al or Si,
25 the ratio of b/a of the zeolite or the zeolite-like material, has a

val ue of abogh 5 : t i b - j '
://vi tﬁi n the rggge g}h Q%ﬁ?%&%é{f Q%ﬁiggl,1wgﬁmwgléfg%gg6%4ﬁh§ﬁ)ﬁw%%§g§§g# &%: al ?n 7,

wher ei n the prideithaaidscalbdidalt didpdrsiom ik e tlgy Luge of E1 &3 029, of silicalite
zeolites, faujasites, X, Y and L zeolites, P-zeolites, Mrdenite zeolites
and ZSM zeolites and a m xture thereof. 5 65. The process of claim7,

wherein th i i | ected f th : i sting.of hydrophobic,
1y hydr ofhobi 05 EBPTEEET CiE  WhSEGH Ehif RBreadih mgkal ORI RGO i i ty
f hydr ophoRj iel dl sy ' j : A
catal vt o rars RS nHa Y iR ARISRaG TR By FRERPHIGT athedfe

equivalent rare earth metal oxide and zeolite content.

10
62.  The process of claim 61, wherein said rare earth metal oxide is cerium

oxide.

63.  The process of claim 7, wherein the zeolite is represented by the formula
15
M, M* ) M*’p[aAlO; @ b Si0O, o ¢TO,]
wherein
| M is a monovalent cation,
M’ is a divalent cation,
20 M’* 1s a trivalent cation,
-a, b, ¢,n, m, and p are numbers which reflect the stoichiometric proportions,
¢, m, n or p can also be zero,
Al and Si are tetrahedrally coordinated Al and Si atoms, and
T 1s a tetrahedrally coordinated metal atom being able to replace Al or Si,
25
the ratio of b/a of the zeolite or the zeolite-like material, has a value of about 5

to about 300 and the micropore siz¢ of the zeolite is within the range of 5 to 13

A.



particul ate conprising: a zeolite particulate material; a rare earth netal
oxi de; said zeolite particulate material having an average pore size |less
than a 15 particle size of said rare earth netal oxide; and greater than
20% by weight of said rare earth netal oxide coated on outerssynfasss; of
said zeolite particul ate material, based38n the total equivalent rare

The fre bul k

th t al id d i 20 67. -f 1 owi
particul ate 8- cl APMASESCRREFLIR Gab Rersiois oo ks selscied {ionr besrthan 20A
68. The f - i . tigul .of clai wher.ei n,t . th
metal oxi de. Con SR R A B T B R R T A8 PR REeE AP e de
25 metals, yMédduite SEANEE 4N 20U FeBlitts WA 4 RBHERS thefibr, The free-flowi ng

bul k particulate of claim 68, wherein the rare earth netal oxide is an
oxi de of cerium 39 14 MAR 2006 70. The free-flowi ng bul k particul ate of
claim 66, wherein said rare earth netal oxide coated on the outer surface
is in thedrahde offhg@reessyofcinmnbihereilbdisagobite isiselactedifropythiogount rare

earth nmetal oxide.and.zeoli cont.ent 71. . The free-fl.ow ng bul k

particul ate S?H%ffetg?gw?%@,’d%\ﬂﬁé? Cn%ﬁﬁhwmgh}%olmépd EoReEPTon t he
outer surface,ishl ) % i he total
equi val ent cgﬂué%ﬂg;gl& gagﬂ%ﬂggo ?ffgoég?\l?lgrﬁl a&gﬁl}%drf \B Q‘Zﬁg @%ﬂlﬁ%g bul k
particul at e edmebahdd. 69, wherein said ceriumoxide 10 coated on the outer

surface is in the range of 20 to 70% by wei ght based on the total
equi val ent cerium oxi de and zeolite content. 73. The free-flow ng bul k

particul gte claim66 further conprises particle. sjzes in the range of 1
to 25 ni on&t’- | 5A7GRtalyHg Taredarth @%Pq%@xyfﬂ-koaaafﬂ?ﬁ@eﬂeir@- pwang Pilks6,
wher ei n sai dp%(urtl%ﬁldcté 8&94'&{13915111%‘:“ k particulate is nitrate ion-free.

a zeolite particulate material;

a rare earth metal oxide;
said zeolite particulate material having an average pore size less than a
15  particle size of said rare earth metal oxide; and
greater than 20% by weight of said rare earth metal oxide coated on
outer surfaces of said zeolite particulate material, based on the total equivalent

rare earth metal oxide and zeolite content.

20  67. The free-flowing bulk particulate of claim 66, wherein said average pore

size is less than 20A.

68.  The free-flowing bulk particulate of claim 66, wherein the rare earth
metal oxide is selected from the group consisting of oxides of lanthanide

25  metals, yttrium, scandium and a mixture thercof.

69.  The free-flowing bulk particulate of claim 68, wherein the rare earth

metal oxide is an oxide of cerium.



75. The free-flowi ng bulk particul ate of claim®66, wherein said zeolite 20
particul ate material has a pore dianeter |less than 10A. 76. The
free-flowing bulk particulate of claim®66, wherein the zeolite is
represented by the formula MD M"MP[aAlQ2 b Si02 c¢T02] 25 wherein Mis
a nonoval ent cation, M is a divalent caggon, M is a trivaldeMAR3§Gon,

a, b, ¢, n, m and p are nunbers which reflect the stoichionetric
proportions, 7030 dTherfrecrflowimg baik pdrticulat: aeclaim A6, sndrsh saidkraretsaedr al |y
coordi nated Al and_Si atons, and 40 14 MAR 2006 T is a tetrahedrally

coor di nat ed it oxdde sodied 9g the loatersurfage ixia the rangespf 20 e 70% by weight/ a of

the zeolite gr _the zeolite-lik terial,, h a.val uge of. about to about
300 and the ﬁf‘scerdo%ﬁ'& tgiﬂaqug}va?eﬁﬂ%g@oq’qrﬁmﬁgim ?P‘f HPltegBtesE 5 to 13 5
A. 77. The free-flowi ng bul k particulate of claim®68, wherein the zeolite
is represented by the formula 10 M M"MP[aAlIQ2 b SI2 cTA2] wherein M

is a nondval @bt cahbdree-fibvingbalkdparebelate 68&1AN 68, Wherdindaid lavelagide
cation, 15 a, b, ¢, n, in, and p are nunbers which reflect the

st oi chi onet r metalrepds eoasad on the outer snrface s inathcahsge 6£2¢ v 30%by sredgl8i  ar e

tetrahedral ly caoordjnate and Si atons, and T 15 a tetrahedrally

Al .
coor di nat ed 1on5ths ol eAyivalamt cepupLpride @ngzeghteontent. t he ratio of b/a
of the zeolite or the zeolite-like material, has a value >5 and the
m cropore size of the zeolite is within the range of 5 to 131.

72.  The free-flowing bulk particulate of claim 69, wherein said cerium oxide
10 coated on the outer surface is in the range of 20 to 70% by weight based on the

total equivalent cerium oxide and zeolite content.

73.  The free-flowing bulk particulate of claim 66 further comprises particle
sizes in the range of 1 to 25 microns.

15
74.  The free-flowing bulk particulate of claim 66, wherein said free flowing
bulk particulate is nitrate ion-free.

75.  The free-flowing bulk particulate of claim 66, wherein said zeolite

20  particulate material has a pore diameter less than 10A.

76.  The free-flowing bulk particulate of claim 66, wherein the zeolite is
represented by the formula
M, M’ ,M”’p[aAlO; o b SiO, » cTO;]
25  wherein
M is a monovalent cation,
M’ is a divalent cation,
M is a trivalent cation,
a, b, ¢, n, m, and p are numbers which reflect the stoichiometric proportions,
30 .C, m, n or p can also be zero,

Al and Si are tetrahedrally coordinated Al and Si atoms, and



78. The free-flowi ng bulk particulate of claim®69, wherein the zeolite is
represented by the formula 25 Mmn M, iMP[aAl2 b SI2 cTAQR21 wherein Mis
a nonoval ent cation, M is a divalent cation, 30 M is a trivalent
cation, a, b, ¢, n, in, and p are nunbers which reflect the st Iﬂsmric
proportions, 41 14 MAR 2006 ¢, m n or p4@an al so be zero, A an I are

tetrahedral ly ordj nate and..Si ato nd, T.is et rahedral | y.

coor di nat ed rretclgfs aa{egr#lsgqaﬁa %@@%ﬁ%é@%@e% @fi E‘%r %Cer%f Pﬁgbf b/ a
of the zeolite or the zeolite-like material, has a value >5 and the

m cropore size of the zeolite is within the range of 5 to 13 A 79. The

free-fl ow ngtheuakiopdti/a o8 tiaf feodite 61 giondbitc-WRenriteribl BaZ @ lahiccof SHoRd ect ed
fromthe group consisting of silicalite zeolites, faujasites, X, Y and L 10

zeolites, P-bkeahoutdd0 audrthe miceroporokizeas thededdwiz sothin dse samgean i tot 1 e

t her eof . go. The free-flowi ng bul k particulate of claim®68, wherein the
zeolite i éel ected fromthe group consisting of silicalite zeolites,
faujasites, X, Y and L zeolites, 3-zeolites, Mrdenite zeolites and ZSM
zeolites and a m xture thereof. 15 81. The free-flow ng bul k particul ate of

claim 69, wheyei nThErezeRbivie: bk \i{é\ﬂhﬁﬁ&&%%ﬂ%ﬁé&@ﬂﬂ?@%lﬁéi@g of
an

silicalite zeolites, faujasites, zeolites, (3-zeolites,

Mordenite zem];iremtmhhﬂyﬂﬁl\zfommﬂdte’s and a nmixture thereof. 20 82. The
free-flow ng bulk particulate of claim®66, wherein the zeolite is selected
fromthe group consisting of hydrophobic, mldly hydrophobic =zeolites, and

Pydr ophdt) ¢ ‘or garile Mors IRAI02:0 S167 *RIO2 cort1 oni ng bul K parti cul ate of
claim66, whepein said zeolite

M is a monovalent cation,

M’ is a divalent cation,

M’ is a trivalent cation,

15 a, b, ¢, n, m, and p are numbers which reflect the stoichiometric proportions,

¢, m, n or p can also be zero, |

Al and Si are tetrahedrally coordinated Al and Si atoms, and

T is a tetrahedrally coordinated metal atom being able to replace Al or Si,

20 the ratio of b/a of the zeolite or the zeolite-like material, has a value >5 and the

micropore size of the zeolite is within the range of 5 to 13 A.

78.  The free-flowing bulk particulate of claim 69, wherein the zeolite is

- represented by the formula

25
My, M’ M*’5[aAl0, e b Si0, ¢ ¢TO,)
wherein
M is a monovalent cation,
M’ is a divalent cation,
30 . M is atrivalent cation,

a, b, ¢, n, m, and p are numbers which reflect the stoichiometric proportions,



particulate material has a pH of less than 4.2. 84. The free-flow ng bul k
particul ate of claim®66, wherein |l ess than 30% by weight of the rare earth
net al oxi de (based on the total equivalent rare earth 30 netal oxide
content) is found to | each into water when the rare earth netal

oxi de-coated zeolite free-flowi ng bulk papticulate is slurried MARZIK . 42
14 MAR 2006 85. The free-flowi ng bulk particulate of claim®66, wherein |ess
t han 30% by wel, ghtn af p che alserbeuraroxi de (based on the total equival ent
cerium oxi de contentgifi s found to | each into water when the cerium

oxi de- coat ed ze®l Sk gderalsdrally cgomlinated Alrandyiatenssand urried in water.
86. A f i tal yii th tal i de- d it
part1cul ate. mat ol AR tRlSARS Sobtiafed by SR eE Ste S rePTaG 1 BRSER et

oxi de coated on outer surfaces of said zeolite particulate nmaterial, based
on the total 10 equivalent rare earth netal oxide and zeolite content, said

process conptliesiatig ofttig of tlepseddite ot thepsvditerlikg mmeAal bak acfalge 56lahadithal
di spersion of rare earth metal _oxide hydrate with a coppatible zeolite
particul at e FHaeWpPEe size of draweolise ig within therange ot tofl 3 Ae col | oi dal

di spersion being sufficient to provide, when heat 15 treated as per step
(ii), greater than 1.0% by weight of the rare earth netal oxide, said

zeolite partheul ageBplesib@ln o Uh AR AR 862 Tkrinthe heSRej0an  20A

and said col [oi da i Spersio avi‘ng par € sI'ze 0o eas o]

posi tion thesded Friml e ptins fitiRRES S REhIRE z8alitds Ofdhifisiteyr agemdafl sai d
zeolite; and 20 ii) heat treating said slurry at a tenperature bel ow about

200C, aldve zddites,400¢olites, MordenliessolitammBOOM sgolkesiaed b inixhg@rthéreali ons
thereof wherein said slurry is heat treated, firstly, at tenperatures
bel ow about 200C and secondly, above about 400C but |ess than 550 C, to

zeol i te partFbul aTRE HaeaTouing bk basticiials ain Bewetsin e i - ¢
particulate. 32 te{i\gﬂ)rn??lﬁgrofuﬁrcoﬁ’i@ﬁ'tiﬁ% & SR Ay E%&lit%g,rfaﬂjgs%é,%,' ¢oRhgd

zeolite particula
zeolites, B-zeolites, Mordenite zeolites and ZSM zeolites and a mixture thercof.

15
81.  The free-flowing bulk particulate of claim 69, wherein the zeolite is
- selected from the group consisting of silicalite zeolites, faujasites, X, Y and L

zeolites, B-zeolites, Mordenite zeolites and ZSM zeolites and a mixture thereof,

20 82.  The free-flowing bulk particulate of claim 66, wherein the zeolite i3
selected from the group consisting of hydrophobic, mildly hydrophobic
zeolites, and a mixture thereof, which have an affinity for hydrophobic and

mildly hydrophobic organic compounds.

25 83.  The free-flowing bulk particulate of claim 66, wherein said zeolite

particulate material has a pH of less than 4.2.

84.  The free-flowing bulk particulate of claim 66, wherein less than 30% by
weight of the rare earth metal oxide (based on the total equivalent rare earth
30  metal oxide content) is found to leach into water when the rare earth metal

oxide-coated zeolite free-flowing bulk particulate is slurried in water.



material having at |east |% by weight of said cerium oxide coated on outer
surfaces of said zeolite particulate nmaterial, based on the total

equi val ent 30 cerium and zeolite content, said process conprising the steps
of : 43 14 MAR 2006 i) conbining an anount of a colloidal di sggrrﬁij_\&% 61{6
ceriumoxide hydrate with a conpatible Adolite particul ate materla% 0
forma slurry, the anmount of the colloidal dispersion being sufficient to
provi de, when heat treated as per step (ii), greater than 1.0% by wei ght
of the ceri ugxoxi I . it 1.C teri.al [ o rage
pore size of 'essq?lﬁafflé%l Z’g%\%ﬁgﬁﬂ{s@fﬁ@‘%t %ﬁ@gﬁngﬁ S%@F%l%ig%at@%}\gaéayﬁ

particle sizeeddhtalf theasiuRQkidé fodaedioni a8 toﬂah_@t?ﬁbﬂl’enﬁ BRI @ 8Ghtent)
di spersion on said outer surfaces of said zeolite; and ii) heat treating

sai d slurry &tfoanddopeachtinteewbtr ovheabihetceBl0ACyxidabmatedmlite AQ0E]¢winmbout

| ess tha 558&8‘ or .sequential canbinations thereof 10 wherein said slurry
i s heat tteaPlfPafipwlatais shirrieddpa¥aieiir es bel ow about 200C and secondly,
above about 400C but | ess than 550C, to fix the resultant cerium oxide on
said outer surfaces of said zeolite particulate material, to provide a

free flow ngghul kAP[ﬁ"oTeéé‘sL!*o@h‘?akiﬁéa%%talftid?Fﬁ‘é%’é&hfrﬁétag’?ﬁﬁi@%cﬁt&ﬂ igic rare

earth netal oxide-coated zeolite particulate nateri aving at least 1%

by wei ght of paicdlatenetadalthavireg al leasti 3¢ bycwaiighd o6 paiduher et ecd Dxdde sai d
zeolite particulate material, based on the total equivalent rare earth

net al oxi de ¢@ded eplouter spsticenof sajdizgoliteopartisulatmmaterialgbased onsthe tetabf : 20
i) conbiny ng_an amount of col ] oi.dal dispersion of rare earth netal

hydr at e w t he(ﬁl%@a)]ﬁﬂgﬁrﬁ%ﬁg@aﬁft?it %Xlaﬁrafla&?Pﬁfeecq;fﬁ?@r ?%{8 MAHSH FOHIISIE | ess
t han about ﬂle?stéﬁé Jerma slurry, the amount of the colloidal dispersion
bei ng sufficient 'to provide, when heat treated as per step (ii), greater

than 1.0% by weight ofombmih@af addhid ofetlloaddldRspesdo oFefid da@th metal
particul ate material having an 25 average pore siZe of |ess than 20A and

sai d col | oi defiddibydeateivath aaompgtibleqpardite pertiuate mhatatial teaform208uriyo
Do e oo bRl 2R e i o hac e o o ¢
15 treated as per step (ii), greater than 1.0% by weight of the rare earth metal
oxide, said zeolite particulate material having an average pore size of less than
20A and said colloidal dispersion having a particle size of at least 204, to
position thereby, said colloidal dispersion on said outer surfaces of said zeolite;
and
20 ii) heat treating said slurry at a temperature below about 200°C,
above about 400°C to about less than 550°C, or sequential combinations thereof
wherein said slurry is heat treated, firstly, at temperatures below about 200°C
and secondly, above about 400°C but less than 550 °C, to fix the resultant rare
earth metal oxide on said outer surfaces of said zeolite particulate material, to

25 provide a free flowing bulk particulate.

87. A process for making a catalytic cerium oxide-coated zeolite particulate
material having at least 1% by weight of said cerium oxide coated on outer
surfaces of said zeolite particulate material, based on the total equivalent

30 cerium and zeolite content, said process comprising the steps of:



1i) heat treating said slurry at a tenperature bel ow about 200C, above
about 400C, or sequential conbinations thereof wherein said slurry is 30
heat treated, firstly, at tenperatures bel ow about 200C and secondly, above
44 14 MAR 2006 about 400C, to fix the resultant rare earth netal oxide on
said outer surfaces of said zeolite partgzcul ate material, tol4p¥idR g0
free flow ng bulk particulate. 89. A process for nmaking a catalytic rare

earth netal oxidei)coat edmbitihptag anbopardfiaedltigalndisrsiah dfaetingn akideeast
1. 0% by weight of said rare earth netal oxide coated on outer surfaces of

sai d zeol i t ehpésate wiitha eompatdbleaeolitsapasticolate materiad tafomyaishatirgsther ar e

of 1) combi nfRUEHOLS RO A SEIT IO dem EDEIER SR PEP B b uRREH et al | 10
oxi de hydr at ] FN0) | £l terd form a
Surry ) pe St asbor ST, SEaf M £ DR DY WAtk Bl St I8 B ok’ AT

provi de, 3hepedi@atpartidifacena@siaPRivifik R dveldge Rire lsBRYS 1&s O bt of
the rare earth netal oxide, said zeolite particulate material having an

aver age por esaidzellofdal dispetdiam hatimgta patialesside sfiatleasi 304 dalpaditsger si on
having a particle size .at_ |.east about 20A, 15 to position thereby, said
col | oi dal di é”&é@‘%}béﬂldowcia%l Gepeapion iy sid oubsr syrfiages okwid geolitghandi ) nheat

resal tant rare eafth mordit GG Bt e B raRde a0 s ¢
particul ate ARSWS dtRfut 408°CRO¥bER 1Bsd 18R 500 HsRbkkti AL IhGithabfs tteeof
10 wherein said slurry is heat treated, firstly, at temperatures below about 200°C
and secondly, above about 400°C but less than 550°C, to fix the resultant
cerium oxide on said outer surfaces of said zeolite particulate material, to

provide a free flowing bulk particulate.

15 88. A process for making a catalytic rare earth metal oxide-coated zeolite
particulate material having at least 1% by weight of said rare earth metal oxide
coated on outer surfaces of said zeolite particulate material, based on the total
equivalent rare carth metal oxide and zeolite content, said process comprising
the steps of: |

20 1) combining an amount of a colloidal dispersion of rare earth metal
hydrate with a compatible zeolite particulate material having a pH of less than
about 4.2 to form a slurry, the amount of the colloidal dispersion being
sufficient to provide, when heat treated as per step (ii), greater than 1.0% by
weight of the rare earth metal oxide, said zeolite particulate material having an

25 average pore size of less than 20A and said colloidal dispersion having a
particle size of at least 20A, to position thereby, said colloidal dispersion on

- said outer surfaces of said zeolite; and
ii) heat treating said slurry at a temperature below about 200°C,
above about 400°C, or sequential combinations thereof wherein said slurry is

30  heat treated, firstly, at temperatures below about 200°C and secondly, above



10

15

20

44 14 MAR 2006

about 400°C, to fix the resultant rare earth metal oxide on said outer surfaces of

said zeolrte particulate material, to provide a free flowing bulk particulate.

89. A process for making a catalytic rare earth metal oxide-coated zeolite
particulate material having at least 1.0% by weight of said rare earth metal
oxide coated on outer surfaces of said zeolite particulate material, based on the
total equivalent rare earth metal oxide and zeolite content, said process
comprising the steps of:

1) combining an amount of a colloidal dispersion of rare earth metal
oxide hydrate with a compatible zeolite particulate material to form a slurry,
the amount of the colloidal dispersion being sufficient to provide, when heat
treated as per step (ii), at least 1.0% by weight of the rare earth metal oxide,
said zeolite particulate material having an average pore size of less th.an about
20A and said colloidal dispersion having a particle size of at least about 204,
to position thereby, said colloidal dispersion on said outer surfaces of said
zeolite; and

i) heat treating said slurry at a temperature below about 200°C to
fix the resultant rare earth metal oxide on said outer surfaces of said zeolite

particulate material, to provide a free flowing bulk particulate.





