WO 03/ 024595 PCT/ CA02/ 01382 1 A PROCESS FOR MAKI NG RARE EARTH METAL

OXI DE- COATED M CROPOROUS MATERI ALS FIELD OF THE I NVENTI ON 5 The present

i nvent i onwoed3are®sgeneral ly to a process for making a catmedycAe/orstal

oxi de-coated m croporous particulate material and related products.
BACKGROUND OF THE | NVENTI ON 10 Porous particulate materials carrying
catalytically active elenents are known in the art. These materials are
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 ¢ I S i | a I i
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carrier may assune various shapes, such as spheres, cylindrical extrusions
or extrusions having a _polylobal cross-section or a cross-section of

vari ous Sh&ﬁﬂa&@ﬁj&ﬂ-ﬁéﬁﬁﬁ.ﬂﬂe porous materials generally used are
alumna, _silica, zeolites.or ' ' aseLRnkY; have a
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catal yti cal ?:f} a t?%/dg%aéll enents thereon. Variljous el ements are, typically,

| mpr egnat ed ﬂraa@;tg_he porous material. For instance, U S. Patent 5,232,889

is directed'to a catal yst prepared by inpregnating a porous material,
preferably alum na spheres, with a colloidal 25 dispersion of a netal to be

deposited. The col | oi [ S . ve a particulate size no
greater thaﬂﬁﬁﬁhﬁ@g&ﬁm&—(ﬁteri al. Wien the coll oidal

di spersi;an penetr : - 1k ﬁ,?.[‘.[ iBA1Y EaRtd MemeHisfa6e
Iocatior@ of the ?éég‘ﬁrﬁ?é?&%gﬁg#]ég’@ ?%%élgaao %‘g&%}?’gpe%l on, causi nsg t he net al
to be depogidoReh W fhaid. t Tikeseanaefialsaire nkeful idnfinyRabessses; s0diDa®65 is al so

directed to 30 inpregnating a porous material, such as alumina or zeolites,
with a sol uttremingfpetRUBETICTSTE teHtBE ¢fAuEas 6., catalytically converting the |

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 carrier 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 20m%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 instancé, U.S. Patent 5;232,8 89 is directed to a catalyst prepared by
impregnating a porous material, preferably alumina spheres, with a colloidal
25  dispersion of a metal to be deposited. The colloidal dispersion must have a
particulate size no greater than the 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 material. 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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WO 03/ 024595 PCT/ CA02/01382 2 a primary netal acetate, at |east one
secondary netal acetate and an organic depositing reagent such as a

sol ubl e swygmo3/02¢mschari des, pol ysaccharides, or derivati OCI/CAer0asH2,
thereby form ng an inpregnated porous2material. In addition, Canadian
Patent 2,033,291 is directed to a catalyst for the conversion 5 of nitrogen

oxides in a high-te rature e I ' . a

Zeol [ 1 (t het RORHFY PP CAcgfatey dogeuty 9bR SreontB SR Attlas BT R 0Bt § |, o,
cerium oxide, ichBA8ed YolviarEstidasner t he
zeolite wt h&&)no-gﬂgu(%ilgetggéﬂist&d&??g%%é@lggﬁ#ﬁgfae, a hé?pio:l]%mor a sulfate of
cerium or ijeoaticde théreah théteby f@mhiagtanrignprognatad pargs. mateeiali kture is
then dried and calcined at 10 -300-600C. The prior art also shows that

ot her el emenadditiey, Canadiam Patgyt 2§38i291 is direpteddp aucatalysichor dhe cnYsTdice a
catalytic materjal. For_ ins 526,

t . U S  Patent '~ 5, 80 di
adsor bent3 t h@fnl@%eﬁiqxédeéﬂnéjggﬁﬁme%ggr 5 Bst 2a8p; Ihiet%?'tql%?t ‘%?5‘?‘%%53‘2%5 o
i des. Th d t : f
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in the rangeofeiféie.lemet&ta‘as)%éah \reparciaiihdr by ilnpeegmatial theutolitearith aneol i te
and cerium oxide content. The adsorbent is nmade froma mxture of cerium
oxi de cryst ahdnidouspahition efa nitmte; adialide qrar sulfateof ctriemaruiticanbsd zsm 5

zeolite, wherein the ceriumoxide crystallite particles.are conpriged of 20
pol ycryst al | prepateshby gieetingion Whéhgeav% QFUXBITG 4% @epiq}@%@rﬁfﬁq@f‘?‘i agf | ess
t han SOOQA. A§ %IIB aggregate, the ceriumoxide crystallite particles are

adj acent 1@ o 390009 Es of the zeolite particles. There are several patents

that disclose the § that Oftler RlerRéntd HPari B @efhtion or
simlar, support %I{cl)&r%%)trﬁ)té ag%éal?&e%&e%% ofa gases. U. S. nIIDEE';??fent 25 %Q’S 0,712

relates to tkattapsoupmaerisitopreduse arcatelytiatraatetiak aForyinatanice,cU sk Patant ont o

hi gh surface area al um na. The method of preparing the catgAytic coating
i nvol ves t he 5\804,%26 is ditsckes =an aflspdkant ﬂé?ém?‘gﬂéﬁ aTpexaellent 3dserihe oxi des

? Qki Egggns ur fa ﬁﬁy for I?iu%g%rrp or)lc?desjr%ecaodsl)%e%%lcag be REA 19pr,] Yo bXaipleP8f &9 by

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
zeolité 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 érystal]ite 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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aqueous solution of a nmetal nitrate salt and converting, the netal nitrate
salt to a 30 netal oxide colloid with an ion-exchange resin. The col | oi dal

di sper si ow0od3/2k5 oxide is slurried with alum na, wherei rraieAaoissai dal

oxi de particles are SUBSTI TUTE SHEET 3( RULE 26) WO 03/ 024595 PCT/ CA02/ 01382
3 adsorbed onto the alumna. In order to maintain the adherence of the

sur fate ar ecedareaomtodhe ARERRE, In ARferiE B N HOREIS B oy
ox de cont orgoHindBn g ¥afbort 8 th efalreisBnRAMIYELEA high AR 208 ofi the 1O
o e S g b e B e
(zeol i te mayomthetstal eguivalent,aluminagmd deping e¥idegantens | oi dal |y di sper sed

made s By hi gh « Crodes sA oA Laid a6 o ot Eegied ARk s Bng S0 Moed
[ the af or el Mgt rSise B8Rl 90 R0k PRIl nhEHRNRS, Theneed for

a process t hate S ree- oW ng catalytic neta

oxi de- coat edﬁ%ﬁfs%&f%tﬁ%rﬂﬁ&? ofaRirmiagrédlite iy be asedior &imixnire ofdts ngs
(0]

and obvi ates the shortcom ngs the prior art. 15 SUMVARY OF THE | NVENTI ON
The present iwo)ead collgidally dispersed eéfizithe veripaoting os adindark The calletdab| e
catal ytic netal oxide-coated m croporous, particul a in

t t ' f
the treat mefispersien ofeeria yapmaggdsuigshighdemaeraiugp g?gg,gg{,@ B‘?@gqslrji’

differen applicat,ons. ,20 Accordi B S pr esent
inventioip, tﬁ ea§§eiﬁr§7{?fldghé a?%ﬁeggeg‘ggg?gpﬁhﬁﬁ%tg’fggg{]geytic rare earth
metal oxi de- coat egyp}Li BuE, 2 RREd F6iul picResHhat prviddvd sablerfesd-er t han
20% by wei ght of t g}flg’ﬂg&%’arthamt al oxide coat%d on outer surfaces of
t he mi cropor gewingbullccdtalysicmétal dxide-coateddniovoperoas ipattidulatqunatetiaht rare
earth nmetal oxide and m croporous_particulate 25 npteri aL content, the
process conpwith ayately oftlepdings and obviates the shortcomings 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-cbated microporous
particulate material having greater fhan 20% 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:
i) combining an-amount of a colloidal dispersion of rare earth metal
oxide hydrate' with a compatible niicroporous particulate material to form a
slurry, the amount of the colloidal dispersion being sufficient to provide,v when
heat treated as per step (ii), greafer than 20% by weight of ';he 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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i) conbining an- anmount of a colloidal dispersion of rare earth netal
oxi de hydrate with a conpati ble m croporous particulate material to forma
slurry, two@muys of the coll oidal dispersion being suffirRiroao2t0382r ovi de,
when heat treated as per step (ii), dgreater than 20% by wei ght of the rare
earth nmetal 30 oxide, the mcroporous particulate material having an

average pore_size af | : | 1L dal edi.s j on having a
particle siZ9S ?°%ﬁ‘ef%b§§t§h§{3ﬂ?&9§%§ﬂ%?%r@% EET (U EBEE? VO 03/ 024595
PCT/ CA02/ 0138%rofofdts nattidhlatesh&eMal; k@ col | oi dal di spersion on the outer
surfaces of the “mcroporous particulate material; and ii) heat treating
the slurry at a tgyperhéasteating tve slomytat AQ6@peratime/elawabout200C.or

sequential conbinations thereof wherein the slurry iis, 5 heat treated,
firstly, at abaveabsutifeQ’Garsadesmial CQ@@@WSMQEWPY%BG%SIHHEJF 400C,

o er omor s, T treathd, Fiify, 28 hertpethiles Refb Reartke DB Cnd ceeidlfriil e
particul ate. %bd?ﬁ%b@@,% ﬁfﬂé’l@&ﬁlﬁqtmeﬁhh%dall‘%xﬂie"&ﬁﬂk JURMEHrFARBs of

preferably the mcroporous particulate material is a conpatible

al um nosi | i ciheemi roud Paftictlfte aidtyrialf teprovideop firee fovpiagthiutkipatteulateer i al
Is a conpatible zeolite. According to another aspect of the present

i nvention, prefer Aotgrdingta anathemasprctafithe posseatinventenderetarablydhet ne group

consi sting of  ,oxides of I.ar]t hani de, . nmetals, wttriu sgan iumeand a m xture
t her eof . MbsHUGFPRPETUSHAFICYIAte Tatezial is 4 ¢omRaHblp ahﬂqii’é)sf ralg, &?Sge of

' I . . r o ' | | oi dal
G sper si B 1 BrotpbBE B FlioRREsts i bileln RAaL is {UGRRARIe TR 1 2 T er

aspect of the preagBbrdify éhndtRer ddpectosfbe presearitviention spreferablyethe sarep
(iii1) that includes ml [

ITng said rare earth netal oxide coated zeolite
particul at e emtlemetdl cudpismseletedirom theggronp eensistingof pyidge oblanthanides

m crons. 20 In yet another aspect .of fhe present Jjnventi.o tRe slurry is,
preferably, me&s, meﬁF"@gﬂH@ and AJYIXARLE; tiiﬁl:e T M‘]’atr@ﬁeﬁed'gb]ﬁ’r E@z‘@“dr yi ng,
sol vent dryi Eatth He%aslhoxide 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 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
outer surfaces of said zeolite particulate material, based on the total equi‘Valent

30 rare earth metal oxide and zeolite content, said process comprising the steps of:
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drying techniques or a mxture thereof. In yet another aspect of the
present invention, the colloidal dispersionis, preferably, dried to a gel
and subseguwersidzysoseconstituted in water to formthe 25 caldTotaRi01382

di spersion used in step (i). According to anot her aspect of the present

I nvention there is provided a process for nmaking a catalytic rare earth

net al oxi de-coated zeolitge, particul at mat g4 hayl n | % by
wei ght of said rabe ea??lﬁgwg?%@nﬁﬂobl&?gﬁfgﬁo id}?ﬁ%@?&%ﬁf'ﬁgggﬁg%ﬂ és%éll) d
zeolite particul | 'egﬁ‘arb' LvAl har¢ earth
metal oxi de %H e?&@fﬁgﬁgﬂoﬁlk %??,gﬁgtaéizgelﬁﬁ cesgﬁ%(k:)errgg F%r?%ésﬁrgggtse%?of':
SUBSTI TUTE S!H%Ea-fnéﬂ%“dftﬁ@bomdgﬁdi@géﬁ% g STt 38 provide) whemheati ng an
amount of a colloidal dispersion of rare earth netal oxide hydrate with a
conpat i bl e zgedted @s par step lijtat least £.0%abyveeight of thegpie earth mekdd oXiffunt  of

t he col |l oi dal dispersion heing suffjcient to provide,.wh heat nreat ed as

per step Xi i§a,1d5§°1|if§afb?{mqulé%fg9teﬂéi @.,\flng]antapfgparggr@rggzterpeﬂg%sa aB)?‘}O , 5

said zeolite rt.i,cul.at e, mat er . ' ' ass than
200 and sai BLetH gPYRIELAREERIR he LA RN ABS DK ROPOSIERT Don
Lo position widheelid EdticiadiRlibirsiah ol sarPostep Butiessadbadlizadliteumidices of
said zeolite, and il eat treating said slurry at a tenperature bel ow
about 200C to fi )t hehestsrdatingtsaidslerryat attemperdturstialewmboshi2Q0 Guter

surfaces of said zeolite 10 particulate material, tq provide a free
f1owi ng bul kfigahe resultantrarpeanh metgl @adg en saidRuter ‘ﬁ%%%étOféﬁldtWé’fh& esent

' ' h ' i,ded . Ki . | yti h
motal oxlte- BocBlsls BAtRRh Cppraviea B8 et PR RafichBid | caet "1 oe by
wei ght of said r a?FccS?d[iﬁ? tﬁ&?%n&ﬁé&%ge&%‘tﬁgp%eﬁﬂﬁﬁ'énﬁéﬁfﬁéﬁsisOf sai d

e materi ar, 0

zeolite particula ase the total 15 equivalent rare earth

metal oxide ppskidedhipk6cess forcmakingad chtalytic asre exvthpmetal myide-teated egalitef : i)
conmbi ning an anount of a colloidal dispersion of rare earth netal oxide

hydrat e wi t hparticabgte matenaltesting at lpasttli%&yayéghhpésaiélrat%CMWhﬂ9 Y,

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:

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

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
204, to position thereby, said colloidal dispersion on said outer surfaces of said
zeolite; and

25 it) 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

30 provide a free flowing bulk particulate.
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t he ambunt 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 netwlOo03gr#xde, said zeolite particulate material havirQy/exnansage

pore size of |less than about 20A andésai d col | oi dal di spersion having a
particle size of at |east about 20A, to position thereby, said coll oidal

di spersion on sai e [ tlfeg@'le. i g%g.‘ | 1), :heat
treating said sl F&%g‘i%t%&efrtr%@g}eg%se&%gﬂgw oﬁ%lﬁé‘g : &gtglb)é\}-é 1gbout 400C
to about Ie PpRessfor HOAURE hicatal priiBéritahioxide-tbted akolitgher ei n sai d
slurry is hzéi&OR’ttk?égated, ?i rogtly, %t t enperat ures bel ow about 200C and -
secondly, abgatticalateinateplaChaving| at deast bénbps@ight afcald serium axedeitoated rare
earth nmetal oxide on said outer surfaces, of said zgolite ﬁgrgti ul ate

material, toomouisr suifaeesofisaidbzqoliiepagicnlaty materals hasadon thedatal rute sHEET
RULE 26)_ WD 03/ 24595, PCT/ CA02/01382 6 Accardi f
'E he pres éint FHYE ?toqﬁn%(??(@%’l asndoﬁpi\%? gge 3 %%Ic@'ggégo‘%é%qﬁ% Iﬁié’ %@?gfgt i g

cerium oxi desgoated zeolite particulate material having at |east 1% by

wei ght of sal'd cerium oxide coated on outer surfaces of said zeolite
particul ate materjjal , fmabainai amouat of a Gokoidal dispetsiareof cerivmicedand
zeolite content, said process conprising the steps  of: i) conbining an
amount of a bydrts with agiompatible realite partiawlate materiahtpgfoamea slurmy, theconpati bl e

zeolite particul ate ter.i to forma slurry,. the amount .of .t he coll oi dal
di spersi on b%‘i“ﬁﬁn%‘lﬁ‘tggé’f’@ﬁfda'} GISBFWIHE‘?“WE%‘HE%VOMOY éaf”mnabﬁa er step
(ii), gregate 9 e f t ' ' ' |l ‘
part col e rebed Asper i 3reitbe flan S LB Hhe ool 0BT Bl
and sai d col jgjiabaficubas sheridlhaving an Boéraze poresize oflessithireatsdutdodut 20A,
to position thereby, said colloidal dispersion on said outer surfaces of
sai d zeol i t eand said cbHoida)] dispatsion batingg paaticdesize ofatdeast abenp20As tor e bel ow

about 200C, ) i ) ) ) ) . )
position thereby, said colloidal dispersion on said outer surfaces of said zeolite;

and
15 - 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
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 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

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 step (ii), greﬁter than abouf 1.0%

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

an average pore size of less than about 20A and said colloidal dispersion
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above about 400C to about |ess than 550C, or sequential conbinations
thereof wherein said slurry is heat treated, firstly, at tenperatures

bel ow abowto BoRGI5and secondly, above about 400C but | ess RUTAOABBAEB2 to fi X
the resultant ceriumoxide on said outer surfaces of said zeolite
particulate material, to 20 provide a free flow ng bulk particul ate. Yet,

process. for MNPas FAGIE sidpattierbb ERGa0 i B P RElehy) SRl °
particul ate digﬁérgg)llﬁl[ n%&iopger%hrfagé’sséf%a% BYolye! sy of said rare earth netal

oxi de coated er surraces of sald zeolite particulate material, based

on the total equiypl enﬁeaﬁre’hﬁﬁg sgid dlriyat altemperararidtlaweabotue200id.ent, said
process conprising the steps of: i) conbining an anount of a coll qidal
di spersi on ofbawraboahA00°Cyaraequéntinl sombinations therephwhsreinsaid slugy 1s

Ceul Cal . ,
E he anpuid egﬁé‘ét%a?ea, Bastsaat Srrbprratier oeom e ehOCE 2 sebOud IS P when
eat treate oSt 4] < 4 0%, '

fare earth niat 00 GuBE el ofls SpinpaR thide Arkaidubt seridd of! 1 1
aver age por eiﬂé?@?%% patisulafeamaPalito S)gé‘viaeﬂ & flowdng Bullkaparticalass. si on

S_UBSTI TUTE S LE 26) WO 03/ 0245 PCT/ CA02/ 013 7 having a particle
size of at |east hbgettandfier aspeqiadithe presentnebytion dhel rareldacthdnetal gkisiger si on

on said outer surfaces of said zealite; diji) heat t ti jd.sl

at m:;t terrperacmtédbeltbﬁxpﬁtﬁ@tﬁtlrfﬁcﬁ)@,lnlt gé%fgé c?:lP)Puﬁg%)do ﬁzsb%g%%ﬁyalﬁ r

conbi nat j ons .t her eof erejn, sald.slurry is t Jlk St t

t enper at mes theienes Qg\éﬂ “‘?ég’@ Zldr% bQ'e‘é’Sﬁ%F 9?‘8693%{7@1%58?)%% ahé%&?r{t!tr%&f%axmlt ﬁe

resul t ant rahf'ettﬁadﬁ{ibﬁ?&%olﬁéicgﬁte% said outer surfaces of said zeolite
nma op

particul ate erral, rovide a free flowi ng bulk particulate. In yet
anot her aspect of I4 kil Bhethenaspety efitHeopresdriténventione diet ¢olhmdall dispérsien isoat ed
on the outer surface is in the range of about 1.0 to 75% prefera in

10 t he rangepoépasisbieta predeterminedgonteolisd rapge of ceﬂoudnhpmltcgq Sléﬁ%?&@léht

rare earth gl o Anfhgeslidg, onten

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 hydrolyzable rare

earth metal salt solution, yielding a rare earth metal hydroxide solﬁtion; 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: ,

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

30 b) adding a strong acid to the rare earth metal -h)"droxide solution to

provide the colloidal dispersion of rare earth metal oxide hydrate, wherein the
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In still another aspect of the present invention, the colloidal dispersion
Is prepared to a predeterm ned controlled range of colloidal particle

si zes of VO @3w24HBOA, 50 to 70A or 100 to 150A. 15 In yet aaavetwr/oazgpect of
the present invention, wherein prepard&tion of the colloidal dispersion,
havi ng a predeterm ned particle size of about 20 to 50A, conprises the
steps of: a) mxing,a b a&d‘? Xy ] . e rare
earth netal SH0g aé%ﬁiﬁﬁ‘fa%%,gleyl e %é%é@ﬁggﬁgé ggllrlgﬁalrl\r%i:sgfﬁ %g%%%g&ggl ution;
and 20 b) | g acid to the rare earth netal hydroxide solution
to provide fﬂgtazgf(ﬁiﬁd}g? di spersion of rare earth nmetal -oxide hydrate,
wherein the strofgyscambther asppetidfathe preseatinvegtioniyherein prepasation of

di spersion of rare earth netal oxide hyqrate, I.n yet anoth sp of the
present i nvetheicoHoidehdispersion,dging thepre et?ﬁames;is)%?lpéﬁfa?fe{f?@f?efi(}%n,
havi ng the predet.erm ned ga%_ticl e size of 50 to 70A, conprises the steps
of . a) mixi ntPEPESESINGSERS My dr ol yzabl e rare earth netal salt sol ution,
whereby air is buppl edyifpe ot k' h9Broly24b16 ka8 edrthahetapd4lt Boltiba)

hydr oxi de sol uti@g; drr?hdﬂggablgh‘%gﬁﬂl ng g st?%ng acid to the rare earth netal

hydr oxi de sojpivhih the ralelearthdfetahhastvd okidatiodistates;si on of rare earth netal
oxi de hydrate, wherein the SUBSTITUTE SHEET (RULE 26) WD 03/ 0245

PCT/ CA02/ 01382  8bkt r oallpwinigdthe dydrglsizatle sarcpanthgnetghsals solutiende |S?Q5Yﬂara'|
b ebent | nveREREHR naYIorslCEs Bvs FATch anetdt hoaideiol EoB S < per o) on. havi ng
2 Cnxin] & base 8 tn afdifeRsfHrdactt b i ractéheth BEATHGGARe OGS, Ol
whi ch the rapg,vdd tHe dBHodal ligpetsion @f ratetdasth rAtl efide 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: |
a zeolite parficulate 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
meta) oxide content) is found to leach into water when the rare earth metal
oxide-coated zeolite free-flowing bulk particulate is slurried in water.
According to yet énother aspect of the present invention, there is
provided a process for making a catalytic rare earth metal qxide-coated i

30 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 netal hydroxide solution; and 10 c)
addi ng a wor@rig4masid to the rare earth netal hydroxi de solpgiTi@n2toe3s2pr ovi de
the colloidal dispersion of rare eartl® netal oxide hydrate, wherein the
strong acid is capabl e of deaggregating the colloidal dispersion of rare

earth nmetal gxidehydrate. ' . peg:

i nventi on, twg%sq@a%:ﬁ(ﬁrsgiggﬁgﬂ?é oggtp éﬁ/@%k Ir?lggrt%ﬁélérgﬁq ﬁ%ég%%@ec&%ﬁ ‘f@@%m ed
zeolite freemglspégsr&-: bul k particulate conprising: a zeolite particul ate
material; - a rare earth netal oxide; said zeolite particulate materi al

havi ng an aver agej)por ecorhbimimg an esmunbafia calloiiahdispersion efitare earthmetabo by
wei ght of said rare earth nmetal oxide coated on , outer sur,facefs of said
zeol i te partoxide hydratewath arompatible micreprrons particulate ymaterial toform ar th

| id d [it. T )
T o e iyl e bl a5 R R e bRRMAERER o o
oxi de (baSedthgﬂ.tﬁgga&fag@éizsawgéﬁa'c%nbiaaqrd?sﬁﬁsﬂ, to?asﬁiomes#@ofmaent) i s
ach in wa rt nmet al

found to le er when the rare e t oxi de-coated zeolite
free-fl ow ngcélidilalpdispdrsienasrethe dusdrsutfaees bfisaid nsicropdrons pangulate yet

anot her aspect of the present invention, there is provided a process for
maki ng a catmiaterial; antt e earth metal oxi de-coated 30 microporous particul ate

material having the raye eart.h netal oxide coated on, SUBSTI TUTE SHEET
(RULE 26) WD 03/ 02)159?{1%@3@398/5@‘92%‘2“3'@%& rgﬁ?rmb@egfoﬁ&%orf?‘srpporous
particulate ter] S . -5l steps of: i) conbining
an am)un];aot of g‘g’feﬁgﬁlﬁ%‘fc&ﬁq‘l@? g‘%@&??g%&%g?%&g%ﬁe%&}fet al oxide hydrate with
a conpati bl e m cr ppghoLmbbaithémUsAl BelPfrédting cdrfpfisdshcating said slurry 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 ﬂoWing 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 Im anothér 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 microporous

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 her eby swioh3/oeedob oi dal di spersion on the outer surfaces ®CT#EAN/01382

m croporous particulate material; anthii) heat treating said slurry to fix
the rare earth netal oxide to the 10 outer surfaces of the m croporous

particul ate ﬂif SE @Q_bwlgm
heati ng sai 1

water from said shu : Q&@Lﬂﬁo }d,é*égg@ﬁeg
Preferably, sai d @aim%lgtl ﬁs}rnit Ig‘fengg’#pqralases cal ‘(F:élq? said free
f1ow ng bul k%maéswﬁeémova@g lballeostahgic rardeattimetal m@deichﬁad comgatibley

conprises heating said slurry to dry, calcined powder in a single step. In
anot her enboﬂucmpbmlsapalmslhlaterlya@ﬂﬂbr Preferabiy, the sompatiblermicaoPeIoys sai d

heat treating is,cqnducted ature sufficient.to d orrpose at

| east sche matquﬂj 15,3 CoHpat ll%ifné ng‘d‘é%ﬁs § GTpRatiblg ZF?I not her

enbodi ment, said urther conprises m I I | ng said rare earth netal
oxi de coat ed W&?Pg%%f%ﬁén;plart iculate material to provide particle sizes in
the range of 1 tOh?ﬁne;ih‘éééﬁﬁnvédnoﬁhwb@ahhxﬁafaﬁchréfdaﬁnedbegcamhml; cle size
ranges mght be utili I articul ar, snaller particles could be nade

by mlling, unﬁax‘ﬁdtlmlﬁmhanrdennpmlstl cles. The particle size that is 25

selected is based on the use that_is to be, made of .t he coat.ed 'crot%orous
particul ate mat er impnggmbodemen; of; the presephinyeation, the|precess 5?““@“‘5’5

DESCRI PTI 6N Eabs 1BF Eﬁg&%@%ﬁé&%ﬂa&éﬁ%ﬁ u %%n@?%ﬁ%hf“)
i nvention rek@ﬁ@?ﬁ%ﬁt& g@g?/seg,f process that, provides a free-flow ng bul k

catalytic rare oxi de- coat ed corrpatl ble mcroporous particulate

material. Preferal)y, hbmhimﬂgahldahwnt\aframﬂiordnhshspemmofearelearth metabat i bl e
alum nosilicate, such as a conpatible zeolite
oxide hydrate with a compatible microporous particulate material to form a

slurry, such that the amount of the colloidal dispersion is sufficient to provide,
15  when heat treated as per step (ii), a particular percent by weight of the rare
| earth metal oxide and
ii)  heat treating the slurry to fix the resultant rare earth metal oxide
on the outer surfaces of the microporous p‘articuIate 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  powder upon the slurry being dried (such as in a spray drier) and the product
méy not be homogeneous. Accordingly, the micfoporous material is s¢lected
such as not to cause any substantial flocculation, of the colloidal particles in the
dispersion, and preferably no or essentially no flocculation, of the colloidal
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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particulate material. In the present invention, rare earth netals are
defined as scandium yttriumand the | anthanide netals. In one enbodi nent
of the prewenst2439venti on, the process for nmaking the 10 catratAmioe3seare
earth netal oxide-coated microporous particulate nmaterial conprises the
steps of: i) conbining an anbunt of colloidal dispersion of rare earth

metal oxide hydrate wt. b ORI rig@l to
forma slur® X 'F’HH‘P]‘ fehg?ﬁ%ﬂjﬁ{t lsg?% %(f%? ddsspelfglﬁgénmlatg I
sufficient tg e iHeQ%lRﬁ'd@ﬁla e dibpdrsdd in) theghyidr.ticul ar
percent by WEI %éfé ngévrvgﬁgé‘ th metal oxi dZ and iﬁft) heat treating the
slurry to fix the Pesfetably)tthe eompa’ab]tehnmmpd»rouxpdmClﬂnteumienaﬂtEra sur f aces
of the microporous particulate materi al @ free flow ng,.bulk

particul ate cemphtible aluminesiligate and @Qﬁﬂ%@éﬁf Yis? RRIRR I‘AIF’ 43 litfef i ned as one

h . bi. | h h
ol | o dals ai BRRicSIER Materiak i Seripqetle Z80fi ol BT RHAl R fdbe 17
remains in ayéé&) tﬁg?r@gelrﬁ’ i ﬁeﬁﬁﬁaﬁdwm is hdt 1hhﬁe@%ls%@haite de&neg si on

fl occul ates tanti al degree before drying, then the slurry Wi | |

not result ix thand®r revliten) fadjasitdsr(Nad, IGag\Mg)zﬁ%lggSl\g@nu]pCﬁ#OtHﬁosl urry
being dried (such as in a spray drier) and the product nmy not be

honpgeneous. cﬂbxg@,rﬁi—zaght:ps f('fllag[Ad?Slm,ﬁhng} weitha<dy teﬁagpsalé,eM@cd@ute Z@leFPSaﬁ not
e Gl 15 s o S

S h
o, Ao g WA S
| ncl ude, but ;g Qe hidopffibict fildlf yaorbobidifedTited GPRpAUEsThEROER! and

t he presence B oRT zabl etsal t s suc STI TUTE SHEET (RULE 26) o

03/ 024595 PCY/KitRBavé ag affidity for }grdfophahrc anhd mildly Hydropleotpélorganioo hi gh,

then the colloids will flocculate.
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; e 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,

c, 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
30 Si,
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such a case, by lowering the pH the colloids may be dispersed in the
fluid.. Preferably, the conpatible mcroporous particulate material is a
conpat i bl woaimasssi | i cate and nore preferably, a conpati HG/esnloise S5
particulate material. The conpatible ¥eolite particulate material that may
be wused in the present invention incI udes, but is not limted to,

o) 25T eSS Sap o nk AR bF e DR kiR EPalip ot

n<7; tetrag
or  hor normbt e & e D e e e o wr (b ooy,

ort hor honbi o9 43I Ari xt ures thereof. Preferably, the zeolites are
hydrophobic, mldly hydrophobic zeoli tes Qr mxtures thergof whi.ch have

;n ?ffl ni Ly for - tmferphb'bthﬁ rareiearth mefaliprade psfshis angde ot a %‘Wﬁds
eolites having. a pH of sthanzL ar fe

E’B.I Rt ai QSCOH#&S?%J Y, %ap 1%8" é&!‘-‘P‘%‘f‘Séﬁef&ngQ’r@?@ﬁ&"%b@ﬁ 4182951aw ng

i gher p &H%i.ﬂthe zeolite is mxed with wat d
acid is adcfggta??;( %ﬁé%ﬁﬁmy@ﬁ e desired pH level. The zeol i tere e an
material s used mEph@t4e ebﬁhfiﬁaﬁp@dlﬁﬁdilﬁﬁsﬁzfswheuﬁ@ﬂulmmg présentrul a: |vm

MnMp[aAlQ2 b Si02 cT21 20 wherein Mis a nonoval ent catign, Is a
di val ent catinwentioird made fnomgajueare n«altllmxwd% the fellowingrarggarith gne@a are

%FSBGLZt Zeor caliy s i(Cbos, S4CoHn@ac¥ (OB A0k ea( G artie &b and
5 *sondh TorR Ry fRGE R %g%%iﬂ%?a&e%ﬁ%@@fm dRfrson 0720

is prepared to a predetermined particle size ranging from 20 to 150.UIn general,

the colloidal dispersion is made by mixing an aqueous slurry of the rare earth
metal salt with an acid to yield a hydrolyzable 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 chloride, 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 aslurry. The strong acid may be, for example, nitric acid, hydrochloric
acid or perchloric acid, and is capable of deaggregating the resulting insoluble
metal hydrate. A residue from the slurry is then admixed with water to give the
metal oxide colloidal dispersion. When nitric acid is used as the strong acid,
the mole ratio of nitrate ions 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 1500. 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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12 the ratio of b/a of the zeolite, or the. zeolite-like material, has a
val ue of about 5 to about 300 and the m cropore size of the zeolite is
within thvoamngessf 5 to 13 A Preferably, the rare eartramtai2/oosszde used
is an oxide of a lanthanide 5 nmetal, ¥3trium scandium.or a m xture
thereof. More preferably, the rare earth netal oxide is an oxide of

?’ﬁLLFﬂ ollhirlév ae priowostre 40isd R pRidide § B PR Mg e e 0T C2PT,
t ts, : , Y& 3,
Co( Covac) 3 IR e Bl B Pk ea iRt P R, e ) et o

col l oidal dispersion is prepared to a predeterm ned particle size ranging
from20 to 150.Din general, the colloidal dispersion is made by m xing an
aqueous sl urry of(i} he whetheethe teactien isl donglundgr hat enceldiconddignse| d a

hydrol yzabl e salt,.The preferred acids are .ni.fri.c acid or hydrochloric

aci d. Al Pernativelid), iWBFﬁ’érmﬁﬁePﬁ onyispirged With &ty 15 nitrate or a
chloride, this st of 4 1. Xi | : f! i bhetgli d 0 S
unnecessary. By el ﬁ%erhél%)&rogg%%ﬁ?#eﬁe{@ﬁﬁﬁgﬁ}h%irlg%éza %géﬁga t, such as
netal nitraggirate et al chloride, is hydrolyzed. Preferably, it is

hydrol yzed and oxidi zed by adding a m xture of anmmoni um hydroxi de_ and

hydr ogen per oxi de(iv) A witther thelbaseiisledded totthaisalidr amee-uensexibe cryitellitivat er
and a strong acid to 20 yield a slur&i. The strong_acid nay be, for

exanpl e, ni tsize mayi b varyett fron 20 ta 100G In etheppatisularieabodimentsytp makeapabl e
of deaggregating the resulting insoluble netal hydrate. A residue fromthe
slurry 119 t hiangergrarticlds wiicthasnd@@to 1 300 ithebaseds addedto ahydeolyzablerars

di spersion. Wen nitric acid is d as the strong acid, the nole ratio of
nitrate i onsearth metal saklisp t%%’t%ﬂduéﬁ?‘ﬁ"éﬁ%qg‘ﬁﬂoﬁ ORI 25 dispersion is

in the range of 0,1 to 1.0:..prefgr 1 Q. Q. 5 Ipc oty preferably,
0.12 to 0.25. In Bh%%lF%ﬂ?&ﬁe@ng‘eﬁh%ﬁaﬁé’l}sf’tﬁ?sslgfe‘?ssP%g’qﬁay e prepared to a
pr edet er m ne | | OA miYéni ' Bl S
control | ed &%Lekﬁgég%ﬁ%@g{ @g%flaél% og%ot atiljogg par agrr%ltH g{r gyﬁégl fagl(r%l
formation of Wi f@gen peroxide are mixed with a cerium nitrate solution, forming a cerium

15. hydroxide solution. Nitric acid is then added to the cerium (IV) hydroxide
solution and a colloidal dispersion of 20v to 500 cerium oxide hydrate particles
and nitrate ions result. Preferably, the mole ratio of nitrate ions 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

20 thereof may be substituted, any suitable strong acids capable of deaggregating
the resulting insoluble ré.re earth metal hydrate such as hydrochloric acid or
perchloric acid, may be substituted, and any suitable base such as sodium
hydroxide, potassium hydroxide, tetracthyl ammonium hydroxide may be
substituted. Preferably, the base has a pH greater than 4. More preferably, the

25 base is selected from the group conéisting 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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30 col |l oidal dispersion. In particular enbodinents, a base and, optionally,
SUBSTI TUTE SHEET ( RULE 26) WD 03/ 024595 PCT/ CA02/01382 13 hydrogen

per oxi de weo3addesdd t o oxi di ze a hydrol yzabl e rare earth nmer@El/Cs@lon3s2
solution to yield a rare earth metal KMydrate di spersion, and dependi ng on:
(i) whether the reaction is done under hot or cold conditions, 5 (ii)

Qﬂfbgiégt cont ar ni HerorBePsinBSHinfiny lrdgpioh ki le SPREREY WGl edtllfp o e
1 om 200 180 P B e P

particles sugie mixtif) Acetingdd(IV)lteydbaxide sslutivdadsults andyitirio byiddb ke ar e
earth nmetal salt solution and allowed to slowy oxidize in air. In one

enbodi ment, addedcaid acoloiddl dispesiamof 50 tor Ephcenummxide hydrte panticlesd
particle size range of 20 to 500. Ammoni um hydr oxi.de and hydrogen, peroxi de
are m xedS wi and aitrase iens are feamed. Rreferably, thegnalefatia af avitratg 198BS G KANER| de

lution. Nitrigc.acid,isg,t .added t.o.t ' I i d [ uti
and a coi I of GsidedRspEqllaider S rgnane 18kt BEDUS RS DHET L i s and
nitrate ion , : AR ' ] [
oxi o i n_oariyRUlentfé FaAY whleid By SiBbIOn Mrolyesbf fge Pty hac) LT

enbodi ment's galf 6r hiRGIré hersdfeney suitidle steorighdids bydaal waibble base,asear t h
metal salt or mxtures 20 thereof may be substituted, any suitable strong

ﬁcijds capablhmamtiﬁdgdgbﬁrganay\be substitutedul ti ng i nsol uble rare earth netal
ydrate such as rochl ori cid or perchlorjc aci.d, .may be substituted,
and anyhéQui tabl e i%é@%&&ﬁmg@ggﬁa#uﬁm%%ﬂ ?x’gﬁtl%&l?‘ﬁ%“ﬂﬁm BXIYB,
tetraet hyl anmoni ydr oxi ' ' : of base has
et ety SRR OB a0 T s MGl b ik 1 20k bearbil, D2
group consi shijg@elfto Q{FE‘P%éiﬂ‘t@&ﬂé%lg%ﬂﬂ%wdﬁ%,%tﬁ&msa taeuRqiv) Wen

sodi um or potassi um hydroxide iS5 used as the base, ~ the sodi um and
pot assi um ar aéydidxide solutibn. Nitrivacidiothentadded ¢c e sclution bpdaaodoidal

dispersion of 100 to 1500 cerium oxide hydrate particles and nitrate ions result.

15 Preferably, the mole ratio of nitrate ions 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 nitraté 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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particles. Several washings of the particles are therefore required.
SUBSTI TUTE SHEET (RULE 26) WD 03/ 024595 PCT/ CA02/01382 14 In anot her
enbodi menwO @raes um hydroxide is mixed with a cerium ni thRCar@A®@o3s2i on,
wherein the mxture is purged with ait5 e.g. air is bubbled into the

m xture. A cerium (1V) hydroxide solution results and nitric acid is then

added 200 & SOl o phnetrBRLALR BlpeBol AnfORapas A B iy
nitrate | O“Shgcga&g%d;@mgﬂ%ig hiRrSpdrfus prtieh e nidkerRA NS Gote sable) kMasr ange

of 0.12 to O. I ment’'s are feasible, wherein any suitable

hydr ol ysabl ebgen fouadrthit theshirry Baitableto odagulation aid cherhicaholarsgeis; surhe
strong acids and any suitable base, as__nentioned above, may be
subst i t ut ed. aslchemicahreahtions; eiisselution;, pHoghanges andigonéygtarce ¢hapeged with a

For examl e, - al | SHEMICHROrOULRAGEIAG BRpLIALies B0 REPAg R SR Thatih Vi of o
exam eduEBRAPuREH B BRSEAC i el
and . col | oi Y e 8 By ERled P bt SO R e o ¢l oo

and nitrate p@lsidakdispdrsiohedd e sositidned dhtherouter suatices of tid friatdréali ons to
ceriumoxide in said colloidal dispersionis in the range of 0.12 to 0. 25.

Ot her enbodi Reafembly,¢hé emséridldhas antaverdge pong sizgithatbis dessythan heuttlOA aad e
earth netal salt or mxtures thereof, any suitable strg i ds and any
sui tabl e basthe il disneESiOnHaY @ Pagtgle size ‘éfuL?éi?qsf E'P%‘H.z(% gﬁ”&us and/ or
ceric s s can be.converted. i,nto cerj L.V).: ' Lvelyk easily.
| n anot ﬁed eRE ﬂ“ﬁbﬁ?ﬂe mieraqlgtﬁgﬁgia‘&ﬁ*q%?%%%m%@ %@w%lsr'{g% g@lé‘ﬁglt%ous

slurry of cerium paBomdy ah¥felid ghddtér haRQ0% by %igl@ﬁéﬁt&xb RereCethufetali t T at e
I s hydrol yzed and oxi di Zed through the addition of a m xture of. anmmoni um

hydr oxi de andxidedbassgomptirectotal equivatént mibyaporeisipartisubae materhl 28daace
adm xed with water and nitric acid to yield the Eaeri urtn col | oi dal
di spersion, eantharetelonde senteatcoatadon the awer airkacss of the WACTRRAISt r at e

lons. The ce£)| {Culate 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
micropoifous particulate material content. The free flowing particulate, that is
the microporous particulate material having high loadings of rare earth metal
oxide, is, surprisingly, 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 leachability is equated to a stable particulate material. The
leachability is determined by the amount of rare earth metal oxide that
dissolves (leaches) into water when the rare earth metal oxide-coated

25 microporous particulate material is slurried in water.

The rare earth 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 metal 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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col l oidal dispersion is then added to a conpatible zeolite to forma
slurry, which is heat treated at a tenperature as descri bed above to give
the free-wid@weegsparticul ate. SUBSTI TUTE SHEET (RULE 26) PD/Q820238395
PCT/ CA02/ 01382 15 In general, the sltary of the coll oidal dispersion of
rare earth netal oxide hydrate and conpati ble m croporous particul ate

material is %#cgltl?rvfefr%@aq‘?atg#s [3Ras %gp‘;eﬁté&’ﬂiﬁ He'tate fd}ﬁm fHetll'kidSwohfp! € Lo

coagul ati on anges, as chem cal reactions, dissolution,

pH changes apsihpRiaclyqtadiciate tirngeRr. 1o wlidothd; howeversthag typiesllgtlesstat er i al
has an average pore size that is |ess than the average particle size of

t he col | oi dathadi¥)}%byi weightof thetratehearticnietalioxide (hased on ithertasalrequavalent
positioned on the outer surfaces qf tgckhe rr.ateri%lt‘_. Pr.ef er ab t he materi al

has an aver atpse sarth metakboxidgcoptenf addnto, WatR whichshews wat ths | oi dal

di spersi on has_a rticle size.of t?% f bly,

the matert al pﬁ%’ém%ﬁe M?réﬂels ég}tg S'tsa{%;eeéfﬁ’;‘év}l?rgﬂ?getss %r&]@ﬂz’ieg%ﬁf? at%é} less?

Preferably, g{ﬁrﬁduﬁ 200%2L Wher ¥RR raf%eRih Meialbkid codied miltfopeasiush net al

.oxi de (based on the total equival ent mcroporous particulate materi al and

rare earth peitiRulagintitedslris doadtreated atitemperitares.greates thanaatmsit 400%Gend

m croporous particulate material. Hi %21 | gadi ngs of the rare earth ngtal
[

oxi de coat edslvriedin watesyusnallylessathenOs1 Yorbyy weteht of the wre sagh metali93dds ange

f f b 20 .t bout . 7Q% b i ght, based t he tat.al ' t
o om abo, 20412 8T ed i oL Sk RS Rl R B8 oo BRI e
flowing part el THEle deSultd dE dllCFRBBEPHIzNRA loh olid¥R TSI thBav! N
hi gh | oadi ngs of rare éarth nmetal oxide, 1s,” surprisingly, quite stable.

20 The st abi kppaoach offiee priecart) theipieseptapproatiairorks wetlas providey tarety
| eachability of the rare earth netal oxide-coated m'crO})orous, f;{gr | cul ate
e \i

material ; | oof lemtigbincluding bighjoadiegs (greates than aberrdGle byveghteki®al . The
i s501 ves (1 EHEIBE AEb ORHSLHS ARV ATHAY Cb{anBHARFEREP 4 SDRP D tbat ed
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 about 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 about 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 possible to heat the rare earth metal

30 oxide-coated fnicroporous 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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25 m croporous particulate material is slurried in water. The rare earth
nmet al oxi de-coated m croporous particulate material my be heat treated at
a vari et ywarotoespoer at ures and conbi nati ons of tenperaturePCWAR2®13802i | |
maintaining its stability. In particular enbodi nents, when a rare earth
nmet al oxi de-coated m croporous particulate material is heat treated at 30

tenperatures 4e ' | t LSl , very
Tt e rare QR ROl thodtl] fihe mhithlfabiine B MR sBhe ofil flehd it
treated at SQUREH MEp%EBaHMEteZﬁ&teM&OW 024595 PCT/ CA02/ 01382 16 such

| ow tenperatures, it was expected that the rare earth netal oxide would
conpl etely | each iWithouhbeingtbeundito any pafticuiar, theonye vis tholngtit thatyphemthey

| ess than 30% by wej.ght of the rare eart{h netal, oxi.de (based on the total
equi val ent  replloidal W%PBIOfé%CG@T@dﬂP@LPFdFJW@H@G 15 gembiradevithdhi ch shows

temer at ues toraieth FiCinbho Smuterihie forth £ Xl YL MR RET s Coat ea

m cropor ous | fid as&d b eoll6rdal HisBads gl i fecat er
t han about 40%1?:{“%%%% urfrHiaﬁeid i t\lx/atgr, usugﬁl yﬁ{jﬂe Sgtrﬁgﬁf‘%@igzxgx wei ght. of
the rare ear tihtorthegorescofithe mivasporons nidteridlcind the garevakthnhetabogideds t h net al
oxide content) is found to | each 10 into water. These results are true for
bot h hi gh andixesho tha@utrssurfiaaes abthermicrepgrpus ataterialisueh shatdhe rare earthe
present approach,.works wel,l to provide a.variety of |padings,ingluding

P oh 1 oad, ngdagel EXidis SRdamadoREes epeRibier S tap S b whe merditiay o

oxi de) usigng ' f@ﬁ% . F,aﬁﬁ ; | Nel eH &
sequentiglo tesqe_e?s; ﬁ%%qgmf 0 &%ﬁ%ﬁégmégw he %ﬁéﬁagﬁfg%%ﬁgfgg?x%?gofw_
catal ytic acttheirhi¢ eatthihietalBkiieitalthe btepsaffacdsast thehwidtdprbes materidl agdl ting
slurry of the process of the present invention may be heat treated at

t enper at ur es thelirang cacthumetad 08 de-ciatedmit¢roporots @arveulatequeteriahis insolobleat i ons

t hereof wherein the slurry is eat treated, firstly, at erat ures bel ow
about NOT andns%@sﬁ&iﬁ%%@whzg'%gﬁemw {»?W&na@zsaow Zbﬁipepa@gg;uﬁ s heat
treated at a 4@“8@“0%%&198&%)%%% 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 microporous 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 porés of
the rare earth metal oxide-coated microporous particulate material 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 least
30 some, and more preferably all or essentially all, of the watér from the slurry).

Preferably, the solution is dried (such as by a spray drier) at a temperature
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200C and then subsequently at a tenperature above about 400C. More
preferably, the slurry is heat treated at a tenperature of from about 85C
to aboutwiOB@2&98 t hen subsequently at a tenperature aboweTabai013820C,
wherein the slurry is heated at a rat® of 100C/ hour until it reaches a 25
t enper ature above about 400C. At this point, the tenperature is held for at

| east 1 hour. Deleteriqus results occur tpo the rare,earth. netal .

oxi de- coat edbelﬁw&%ﬁ’b‘éﬁgﬁicpg‘ﬂ mastFases ﬁi?ﬁt‘gY‘ingISt?H mcjudes either spray ArEiieon| v
at a tenperagure_.between Q 4%8% -commercially

f easi bl e per %%ﬂfmg’tﬁ\é ,e ﬁ%ﬁ%ﬁ%‘&g&%ﬁgpﬂm ug%%lcthﬂll@gégsi ble to
heat the rar 0 oxide-coated microporous particulate nmateri al
at a tenperaﬁjrflg{n%g?%ieﬁ#r% out 200C and about 400C for several weeks such
that no del et eri oltstheealdihmgatepthe sISHBSH aTdfiéd poiHer sReferaitly hadtad3(t024595

PCT/ CA02/ 01382 17 this would not bg practjcal for the manufacture of the
rare earth netempyriureandfox 2nened pbpBOLIBIAE ICIAMITE PRdesomNosed t hout

bei ng bound {o_an arLicul ar theor it IS t hat '

col | oi dal di teﬂétr of)%her Q{C&i?lﬁﬁ tr%?re&ﬁ?ggﬁ8gﬁlaqree%lsgnv¥gag&oélﬂ§£|thmevi th a 5
conpatible m, T QLS ' f : 16~ 0 Iy thgns of the
strong aci dn%%rggﬁﬁﬁﬁéﬁ%ﬁ%éh%kglgﬁtﬁ cfg}rﬁlcf? J%%%r?gf %ﬁﬁéﬁgmﬁﬁ rtgﬁ; i ons)
mgrate intgrdolss, penaming waks (if the shetrywas fot sitealy subjledtédto an énitial t h

metal oxide Is fixed to the outer surfaces of the m croporous materi al
such that thlow tamperature drying proessi)is driven®ff and at least someipEtheresuptes. 1t i s
t hought that when the drying 10 step i ne,.,at | ower. tenperatures, i.e.
bel ow abldit WFs§Ere FIP“EHB Be'sm mare gregera y.glltoateése\é%@{lp{ aﬂé‘?éﬁeﬁﬂlﬁ@rto t he

Ol e Sont acfihsHhe HCMbSIAPRS QAR olRL SinpBherRR PrétBRIIA fe SBRMOnTE By |

oxi de- coat ed T Cr 6por o erral" 1s1ns I'n

however, thedged afd calctitdinGdifgleProbas st sicEdinta spdyaatsiier. 400C for a
commercially feasible period of "'time, normally 5 hours, the counter 15 ions
are thought However,dhisameyl heattreatinenpay beqierfdrmedi inrtwoctepss sach a5 i al and

are avail able to reconbine with the rare earth tal oxjde, conponent to
reform initial drying step (e.g. by means ofa spray éner olfowed By the calcining

15  step.

In another embodiment, the preferred rare earth metal used in the
aforementioned process is cerium and the preferred compatible microporous
material is a 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
paﬁicﬁlate material. 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 (based oh 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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wat er dispersible rare earth netal oxide. Overall, this would destroy the
rare earth netal oxide-coated m croporous particulate material if it were
di ssol vedwaoO a3/oae9er. I n other words, the rare earth netal rPedVce2woss2d | each
into the water 20 destroying the rarel%®arth netal oxide-coated m croporous
particulate matter. \When heating is continued to above about 400C, it is

h h h h . us - i ch
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earth netal ®x¥%iey weightofaké eériatrdxadetbaséd ohehertatalogpivalentadrium akkideThe
fixing heat treatnent ste conprise a drying step and/ or a cal cining

may

step. |In theanterithis @uafs,tofmhsnwwter.s preferably heated at a.tenperature
and for a period_of tine sufficient to,far dr owder, (i .e. I ve
off at |&ast 30 Prré(HﬂPﬁ?fF@%t)Y é]pr@yéls}eé ag}qatemp%éeggxgﬂ?qlg% apoyt ItZ,BO%?' t he
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I ncl udes either sprfay drying, ™ tray drying, freeze drying, solvent drying
or flash drythergofechni ques or conbinations thereof. In the cal cining step,

the slurry or a drjed powder is preferahly heated at. 5 a tenperature and
for a period of tFhezealite partiqylate at SN BYSERSPRIYE sige thatisdesss of

count or Wonsthe WrpRR B Eeterctine apttedal s BpugERcet dint ofide b i <

process, T eMBPHRAGIRIE diderdiBe cah uégfmea% tAe LARF%uFMBECSH@E Lo an

initial |ow tenperature drying proce I's driven off and at |east sonme of

t he counter ZdlitanBreferablleehepeniitd hasan average poed sizalthat isldss thare2@A&nt i al | y
all of the counter ions are deconposed, to ?as’,eous conmponepnts. Preferably,

t he sol uti onandsthemezip collpidad dispersien basa particleisize of1ak19gsb2@ds step, such as

in a spray cal cinger. . . . :
pray "fa 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 the cigarette paper enclosing a conventional tobacco vrod to
reduce side stream smoke emissions. Specifically, the particulate material can
be used as a filler in the manufacture of cigarette paper, impregnated in a
cigarette paper, or applied as a coating(s) or a layer(s) on the éxten'or and/or
interior surface of a cigarette 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 automobile
exhaust fumes. A modern automobile eﬁgine produces many pollutants .éaused

30 by the incomplete combustion of hydrocarbon fuels. Exhaust gas mixtures
typically contain CO, unburned hydrocarbons, and several thousahd ppm NOx.

SUBSTITUTE SHEET (RULE 26)



However, this may heat treatnment may be perforned in two steps, such as
initial drying step (e.g. by neans of a spray drier) followed by the

cal ci ni ngwoa3gR€s | n anot her enbodi nent, the preferred r@c/eamton3saet al
used in the aforenentioned process i® ceriumand the preferred conpatible
m croporous material is a conpatible zeolite particulate material. There

b h b % Db 1,gh based I L val
Jaol i e and Cuahiin comvaBemghatisfuft tikay tre oy drPlmS S sEbBysfR=E (e
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range of fr %H@@P&el?—@lefé i s /&falgYic cradkimg, therseal sprayeldecdatings and
equi val ent cerium oxide and zeolite content. The zeolite particul ate

mat eri al , haabradabie geals,oadi ngs of cerium oxide, are, 25 surprisingly, quite

stable. \Wen the ceriym oxi de-coated zepljte.particulate . material. i s heat
treated & tenperdtcafai¥st %Stféﬁ’ugbeﬁ’(d%b@)%}%r%ﬂéqyﬂprmgﬁldler?xy\ﬁﬁ?é‘?r,

surprisingly, very. li e ' ' ' . ' t han
30% by ver grioBReling ol L EF G dhiioh SRFRR pfiopd WHchThe kngheB3s, | T

oxi de cont eﬁﬁﬂﬁﬂ%SﬁERLW‘Ech thé il iThMnIRE Rian, ¥éiah is britdizddwtCéte
particulate material 30 is quite stable even when heat treated at

t enper at ur eswhixdsstofea vxggent Whef ¢he fuslBiSH CHORELERIRS CetiRuL 5 218§ tnchargge024595
PCT/ CA02/ 01382 19 Wien the ceri um oxide-cogted zeolite particulate
material is oxidation statesgexersibly fom Sl r 0sCor eRIVAAING AXYEEB for &mcahd

(based o 1 niseeipas (408 ekl ChIBL0R e B AP o Be sblsaafone Teocn ™
nto vater rdlfel Hhad the higIFleRiPhitraPhaY et fith @il fipk AWRRIsahave Del ow

about 200C. n no cases, treating step includes ei ther spray
drying, traysifficiend surfacenee tépyovide esaigteadtivarsites Joocathlytisireationsg

techni ques or conmbi nations thereof. The zeolite particulate material has
an average p&he cefizwoatedmicsoparous paisulate materials made in accordance with

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 (38.4 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 (2Q ml,

“100 volume”) and water (160 ml) was added with stirring to the cerous nitrate
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10 the average particle size of the colloidal dispersion of cerium oxide
hydrate so that the colloidal dispersion can be positioned on the outer
surfaces o0 @G3le4weol ite. Preferably, the zeolite has an awaITage2peIse si ze
that is |l ess than 20A and the ceria 2Zblloidal dispersion has a particle
size of at least 20A. In a preferred enbodi nent, the aforenentioned process
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used in a va pli'cations. In one aspect of

| nventi on, tm‘diﬁ%@f%hﬂ&m&h&@m@ﬁﬂeﬂ@rqu&mmkﬁhlmimmhetéaﬂm— can be
20 incorporated into the cigarette paper enclosing a_conventiognal tobacco

rod to reduwhitsiptecipitateaficenivke(Idihydroxide vasabitaingd, haying apthaf 7ileul at e
mat eri al b das a filler in.th f fci tt ,
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on th terj ' i Qf 1 f G :

At ernat; vel ceRife 2L,y biiiils HaiSio g’ TheSeiftaRld Srebfile was stimed |

i's, the trealgh HSERE] WAYer(?50 Ril) apd nﬁﬁic&!&i@ﬁﬂ% mlVefals M?Qb givech gitriet t
havi ng conventional cigarette paper. In another aspect of the invention,

the parti cul atid/ oarwemi oXide aroldmtiosefil .t The cesudting sluayhwas heatad txahowm t he
combustion of a fuel, such as autonobile exhaz&&g{g}es. A régéiem aut onobi | e
engi ne produ2@y femld punutes imdeaggregate thrpcesiim epideand NP dst i on of
hydr ocar pon fuel.s. ust ..gas_Jy res .t.ypi | ' unbur ned
hydrocarﬁgns?o%ﬁ!@ogg‘ié t%ﬁ@r@tﬁﬁﬁ?@%&éﬁéﬁ%&l@g%( RULE 26) WD
037024995 PCT/ CAOY - 4oling AnERhiY WaS cERRMBEREPRAA tHtesidedups dibifdised N ce

by products of conbustion referred to aS three-way catal ysts. O her
uses i ncl udejadizéified weater(150eni)no give avémi-trahspartht greewmish cglloadahsol.
catal ytic cracking, thermal sprayed coatings and abradable seals, 5 A
catal yst, such as cerium oxide, has the ability to provide oxygen for

Example 2 |
15 1 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 (bed-depth 3.0
cm) and heated for 1 hour in a muffle furnace at 320°C in air. The'resulting dry
dispersible cerium compound powder (0.78 kg) had a crystallité size of 59A
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 cqlloidal
dispersion hés a density of 1.15 g/ml and a pH of 1.8.
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conpl eti ng hydrocarbon and CO oxi dation during periods when the engine is
running rich. When the engine is running lean, ceriumis oxidized to Ce4d+
whi ch st owesn3mzysgen. Wien the fuel -rich cycl e begins, cerip@awveA2abise to
change oxidation states reversibly f?22om Ce4+ to Ce3+, providing oxygen for
chenical 10 reactions (e.g. convert| ng COto C02). For the catalyst to be
able to work .eff ¢ al ORrfeyr s that exist in a tail
ixed
pipe, it nu , provi de enough active sites

for catalyti gﬁ@gt‘j@ns. The cerl a- ‘coat ed mcroporous particul ate
material s rr% accordance with the res I nvention provide a high

catal ytic surface).53@kgtof acfeblitet powdéri (Zico EBA\AHA0 pbtained frome
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69. 3% by wei ght ~ cerium oxi de equival ent was slurried with d| sti lled wat er
(0.1 L) and afi tedbtad¢quivplend ¢erigmmoxide end grelitezontent) and;éﬁ‘f@ by Weightesul ti ng

neutral soluti boiled for af t t

of i ool ubl qabie rasedAa thefotekesniyalen Geriyt Axida and Fe5Tey eSS, "
nitrate,solu 18
hydroger}%persfgg ggn%g&ﬁ#éﬁc%gﬁ?vo urreigwgﬁ% wat er n%l%g{nﬁﬁ v?ééqgjyg(e:d Wi tl\/%]
stirring to fhhAelded e owinglgel p&WBETI TUTE SHEET (RULE 26) WO 03/ 024595

PCT/ CA02/ 01382 21 sol ution prepared and mai ntai ned at 75C. The resulting

I nsol ubl e, dark brown cerium (l1V) peroxide conplex rapidly faded in col our

and after the cor‘rPI ete
Exam

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

15 Intetnétional; 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 S
25 0.59 kg of a zeolite powder (Zeolyst™ CBV 600 obtained from Zeolyst

International; pH 3 to 5) was added with stirring to 2.0 L of the cerium oxide
colloidal dispersion (180 g/L 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 (bésed on the total equivalent ceriﬁm

30 oxide and zeolite content) and 56% by weight zeolite (based on the total

equivalent cerium oxide and zeolite content) was spray dried (an inlet
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addi ti on of the amoni um hydroxi de/ hydrogen peroxi de m xture, a creany-
white precipitate of cerium (1V) hydroxi de was obtai ned, having a pH of

7.0. 5 Thwopaesstate was centrifuged and washed tw ce byc@rCAiomgs2wi t h
successive 1 L volunes of distilled wa@er. The separated precipitate was
stirred with distilled water (750 m) and nitric acid (12.5 mM of 16 M to
give a nitri i i i afurefof 10590ty Gield 4 Fleg sl urry was
heated to aggrgpgf#lgfa @@?%ﬁ%ﬁ@?@%&ﬁé’ate tmhg c{:9e)lri um (1V)

hydr oxi de arﬂb‘gjn\gEg@pr,&Qndi tioned slurry. The pH of the conditioned
slurry was less than 1. After cooling, the slurry was centrifuged and the
resi due was dispersed in distilled water (150 m) to give a

sem -transparent greenish colloidal sol. Exanple 2 15 1 kg of cerium (1V)
oxi de hydra ximately 72% ceriumoxide and wth a nitrate/cerium

oxi de ratio of O. pl aeed | ™ flom ZaBRsheat ed
for 1 hodr in a ﬁ%?‘ﬁd‘%@@?%"gﬁo@%ﬁi r.. T ggrgtads?)lﬁ'X '? |9cr11g dr% E's

di spersi bl e [ggsh R PHES PovEeidded With skeing a0 50dr vé tied derium skide of 59A
and the nitrate/ceriumratio was 0.14. 20 100g of the heat-treated cerium

conpound povabdloidel dispersion 80 L ofceriumexidsequivalgnt), madgias descriaddn t o
forma colloidal dispersiogn wth a congentrajign,o 0,9/ L .cerium oxi de
equi val ent . @@ﬁplleé-STQS@XQQOR‘QTB‘P‘“HeQﬁ§%WSi-bg&/ ’B’iw?lg%g’é)l COnfHAME LY from
Advanced Materi al ources, lnc. of t : t he
process as dé%‘ﬁ’rqagéé%eﬁy“@} Buy o’gﬁg@ﬁ%? rogjdm?grgaggqﬁbétﬁgg%t 5.5 L
of dem al |z : aRlighizdalitedbanal on e todlt ai ned 200
g/ L of cr@:i u%aggﬁﬁg%s%tg,égggﬂ%?%&aw%{ﬁ%perési on ﬁas a density of 1.15 g/ni
and a pH of dquivalShBseHubi/okideHidlzeohtd Eotbit) Wasprop d6ied (RCRI€A02/ 01382 22
M xed Ceria Colloidal D spersion-Zeglite Slurri efs E,égmgl e 4A

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

flowing gel powder.

15 Example 7
Different volumes of the cerium colloidal dispersion, made as described

in Example 3, wasl stirred with different weights of a zeolite powder (Zeolyst™
CBV 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.
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0.536 kg of a zeolite powder (ZeolystTM CBV 400 obtained from Zeolyst

| nt er nati onal

to 2.0 L w0 ahe4398ri um oxi de col | oi dal

equi val ent),
(density 1.30 g/,
oxi de (based
56% by wei ght

of Pennsylvania, USA; pH 3 to 5) was added with stirring 5

di spersion (180 g/ lpafcaeriisn oxi de
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pH 3.8) containing a nom nal
on the total equivalent ce
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i val ent cerium oxi de and
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The thixotropic mxture (density 1.28 g/m,
44% py wei ght cerium oxi de

(based on the total

pH 3.3) containing a
equi val ent cerium 30

oxi de and zeolTheaveight: %rivas bas¢dsavthp yotabeqtivaleabrenumaxadeandzealite t ot al
equi val erg ceontdgm.oxi de and zeolite content) was spray dried (an
SUBSTI TUTE SHEET (RULE 26) WD 03/ 024595 PCT/ CA02/01382 23 '

10

15

Spray Drying of Mixed Ceria Colloidal Dispersion-Zeolite Feeds

Example 8
All the feeds prepared from Example 7, easily pass through a 150 ym

inlet

sieve. There are small quantities of tramp material (<1%). 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

Mobile Minor spray dryer (nominal evaporative capacity, 5 kg water per hour).

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.
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tenperature of 180C and an outlet tenperature of 105C) to yield a free
flowi ng gel powder. Exanple 6 5 0.36 kg of a zeolite powder (Zeolyst' CBV
300 obt ai wexb3feiys Zeol yst International; pH5 to 7) was addecAosion’s:2
stirring to 0.50 L of the ceriumoxid& colloidal dispersion (180 g/L of
cerium oxi de equivalent), nmade as described in Exanple 3. The thixotropic
m xture (density 1.28 g/m, pH 3.7) cm%rz'ng a nom nal 33% by wei ght
cerium oxi de (based on the total equi cerium 10 oxide and zeolite
content) and 67% by wei ght zeolite (based on the total equivalent cerium
oxi de and zeolite content) was spray dried (an jnlet tenperature of 180C

and an out | Efeg@nper at uf M4k of05C) | Thyowdtitad f| Aetudllvieldg| & Recoverey . | 15
Example 7 D EF?T ent vol LES,PDridE CeiddBrasel of §eGefl spers| on, made as
e

descri bed n Exanple 3 er [ s|of a zeolite
powder (Zeo_z.s.t_m_GBv—l £ + U&ﬁéuﬂﬁ‘uﬁ"" pH-3—to o) .
The mixturel bf the cer|d®2-€0llaida 68P<nersi onl 8 t he zeag|

yi el ded sl uf2ies coverihg.218e 20 vhPi4d0s conpokP#ildns shownlP? Table 1
SUBSTI TUTE BREET (RULE D610 03/ 02#6367PCT/ CAORO@B382 24 Tabse 1 Feed|W %

Vol ume of M 35 of —Total [ $lgapry PH (94h9 Ceriunpgasl1te Volgge Density

Col | oi dal oa Brs +—33—6 50092 1333382744100 300

1. 15. 1.'27( 351”’% '?Aotlm 1.‘0&5@*1 40 logﬁ 3—0—4 "Q'zé.E 200 gZ“ 1222
Average % . 100

Recovery

D

\\)

! These yields are greater than 100% due to 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
pfcfened heat treatment 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)
1 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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572 1.00 90 1.025 1.20 2.8 1 The weight % was based on the total

equi val ent cerium oxide and zeolite 5 content. Spray Drying of Mxed Ceria
Col | oi dal WD ®pes®s5on- Zeolite Feeds Exanple 8 Al the feedCpcapanssd from
Exanple 7, easily pass through a 150 a¢ 10 sieve. There are snall
gquantities of trarrp material (<1% . The feeds were allowed to stand for 24

ced ment at fon - Fesiagd s gersntyiaf bk af uuch et BRB I ety AB0E A s
easily re-sl 'éﬁl‘tfgfﬁ)é e}?@ﬁh{&t%o@ﬁ% T8bR!3 E6nfMens AL RPEA i@Wl'ﬂE‘&erf

| ar ger armun s was carried out using a 15 Mbile M nor spray
dryer (nom ngdriae¥eilité gtl pewderas theperderkdynaeight peria bruregses, theelchsied rate
to the spray dryer was 1.7 L/ hour, the inlet tenperature was 220C and the
out | et tenpemstaases.was 109 C to 116 T. The feed was stirred while bei ng
sprayed. Table 2 shows the results of the spray drying. SUBSTI TUTE SHEET
(RULE 26)5 WO 03/ 024595 PCT/ CA02/01382 25 Table 2 Feed Mass of Theoreti cal

Actual Yield 6 Gel of Gel Feed Me) Powder k

Powder (kg) : ‘ S T—2T0-0. 2400 0.414 102 3 1.214 0.367
0.435 118 4E,'ga,§ Q@ 439 0. 435 99 5 1.065 0.268 0. 235 87 Average % 100
Recovery These yrelds are greater than 100% due t uential reactions
wi t hout 10.0 g of a ceria-zeolite gel powder (Zeolyst CB 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 (ZeolystTM 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 107 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 heated to 70°C for approximately 10
minutes. The conductivity was measured and found to be 6.4 x 10° Sieméns.
30 Increased cdnductivity equates to more leaching of éeria, thus, Examples

10 and 11 show that with increased loadings of ceria, the éonductivity seems to
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5 washdown of the spray dryer. The gel powders, as described in Table 2,
are spherical and free-flowing. The gel powders were exam ned by

t her nogr awionBted®sanal ysis to determ ne the preferred hea@dCTcaatonesat
tenperature and then were subjected t27 heat treatnment 10 at 500C (the gel
powder is heated at a rate of 100C / hour until it reaches a tenperature of

500C, where the te erature f or at e ,wei ght
| oss and/ or MRSTCasSRr QB‘PWHgaWbé vgl&cg E%%’r‘lg ng’e’%'?‘re\sqgﬁé dried

Tap Doneity. T’v&%ﬁlng‘f%%%?%?‘ﬁﬁ%%&@°h@n§§%ﬁa%b%%ﬂgfﬁ’@ﬁs‘s 55’“526 Pt o
The wei ght %waedbaséad FE&@mirbge1e>ts@t1<;>ein zﬂiwweb%mttggwagnhm 1é6s thag 3090/biyt e
content. SUBST TUTE SHEET (RULE 26) WO 03/ 0245 / CA02/ 01382 26 Since
the density ofeiglgtrofahe semm:ﬂmhdg(imsed oarthe hetaldemuvalgnigeringnloxids certent)

results of the experinment shown in Table 3 confirns that- the ceria is with
the ceria- Z&Qﬂchtlétog‘ﬁﬂtebovxder as the percent by weight ceria increases,

S Rt e e R e e

Zeol yst 1 nt epRfdd Shied zdlites.! BxperimPARRAORCariincisfilg &stfelafiofrbafinien 8

(except

high resultant densities of the cerium oxide-coated zeolites and higher loadings
of cerium oxide. Surpﬁsingly, the stability of these coated zeolites, even
10 - without heat treating the cerium oxide-coatéd zeolites above 500°C, is quite
high, as recognized in Examples 9 to 11.
Although preferred embodiments of the invention have been described
herein in detail, it will be understood by those skilled in the art that variations
may be made thereto without departiﬁg from the spirit of the invention or the

15 scope of the appended claims.
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10 not heat treated at 500C) and containing 4.4 g of cerium oxide (44% by
wei ght cerium oxide), was added to 100 ml of water and heated to 70C for
appr oxi mawe 03/0285981 nut es. This sol ution was then centri f uged/@d/oiss2t he
resulting clear supernatant (leach li2uor) was added amoni um hydr oxi de,
whi ch precipitated any ceria dissolved in the supernatant. Only 0.35 g of
ceria 15 wag,f .in the leach liquor. Exanple 10 10.0 g of a
ceria-zeolit wder (Zeol yst Tm CBV 600 obtai ned from Zeol yst
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
oxi de), was addedAtsrobéssifor afakiveg @ catatytidwaat eatth meTdl©Xide-captedoxi mat el y 10
m nutes. The conductivity was measured and found tq /e 10 x ﬁO" Si enens.
Exanpl e 11 .@fcroporous patficulatermateriabhaviag gasateiothae 207z by Iweaig @ﬂe‘%o

Bampl o & ( nEe RaaR metpLanigh Cared oa gt miteashe BF splghieraPorouf DERRMHe O e
(44% by wei ght. ¢ l;e#%?egg)ﬁ' tﬂf%&t@é@@iiﬂ%ﬁﬁa&? eaith et o¥BE Shd FherfRAbEd to

70C for approXina conductivity was neasured and found

to be 6.4 x ﬁ%ﬁuﬁt@Wal%@ntm,rm@gﬁboewdmpﬁs&hguhemg ef: to nore

| eaching of ceria, thus, Exanples 10 and 11 show that w th increased

| oadi ngs of ceri aj) t hecambihing aniamountofie codloidslBEperimeof e parthunetabe) WO
03/ 024595 PCT/ CAQ2/ 01382 . 27 incr.ease. proportionately, i.C ans nore

| eachi ng of exidedydmtensthya COP@&BETIW&HE %Qﬁﬁ‘ﬁ?ﬁém‘%gﬁﬂo Frfys, it

200C. Lyl caFigy: e aPURLETE R Blgidal ARERI Gl pHBERFFACEAE piSyie, Wil 20
on the total hegutaale pé?r%rt%pje(ﬂ)oéféﬁ?er@cﬁﬁ‘ﬁ 20%) by WeigRdT thetarewatthrmethhese

exanpl es exhibit a wde ran of “wei ght percentages of cerium _oxi de-coat ed
zeol i tes. Expgideyesitnichsporens particalusé mpterial having amavearage 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 surféces of said
15 microporous particulate material; and
ii)  heat treating lsaid slurry at a 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
20  said microporous particulate material, to provide a free flowing bulk

particulate.

2. The process of claim 1, wherein said microporous particulate material is
a compatible aluminosilicate.

25
3. The process of claim 2, wherein said microporous particulate material is

a compatible zeolite particulate material.

4. The process of claim 3, wherein said slurry is heat treated, firstly, at
30 temperatures below about 200°C and secondly, above about 400°C. '

SUBSTITUTE SHEET (RULE 26)



hi gh resultant densities of the cerium oxide-coated zeolites and hi gher

| oadi ngs of ceriumoxide. Surprisingly, the stability of these coated
zeol i t es, wovBr2405w t hout heat treating the cerium oxi de- ;cear@ah20esi2i t es
above 500C, is quite high, as recogntzed in Exanples 9 to 11. Although
preferred enbodi nents of the invention have been described herein in

?rﬁtyaib'e’ made $her oXbe Brodten bt WA M Pahe FE e iRafbkidedEhelbBieln O
15 ! ; Ty E i
the 15 SCORCA! welIse ARSIt £b ot THes SPRTIAHETRHIETy O AESCiBN O

03/ 024595 P AIMS: 1. A process for” nmaking a catal ytic
rare earth nghdh npixtgdetheedbfd m croporous particulate material having
greater than 20% by wei ght of said 5 rare earth netal oxide coated on outer
surfaces of said mcroporous particulate material, based on the total

equivalent rare egrth netal .oxide and nm cropor ous articul ate terial
content, %aij -pro@'éeermfbfgraﬁge%ﬁ@‘%?@&begﬂe qafﬂ‘éﬁﬁ%ﬁ Ar lﬁﬁngﬁﬁﬁ‘{]{’?of a
col | oi dal dig ion of rare earth netal oxide hydrate with a conpatible
m croporous particulate material to forma 10 slurry, the anount of the

col | oi dal dispersion being sufficient to provide, when heat treated as per
step (ii), greater than 20% by weight of ‘the rare earth netal oxide, said
ni cr opor ous Part i ThegprecessivEclain havherginsaidicelloidal dispersinnzkased pHeafs  t han
20A and said_col | oidal dispersian having, a .particl.e size of at |east 20A,
to positi onlqsﬁéhaéb@’,z%%‘f@li%wsﬁﬁr&?&l CBStYHNEai d outer surfaces of
said 15 m croporous particulate material; and ii) heat treating said slurry
at a ten&rature bel ow about 200C, above about 400C, or sequenti al

conbi nati ons gt her qgf l?ﬁ@@és@bﬁ' chadind] , Shherein da3d pheRks Eomptises a furtldr! syep at
t enper at ures bel ow about 200C and ‘'secondly, above about 400C, to fix the

resul tant raq(iéi)ehattincheesimiltingdmidrare aarth metel oxide casted microporous d

m croporous particulate material, to provide a free fl (%Vid ngzéjul,k
particulate material to provide particle sizes in the range of 1 to'25 microns.

15 9. The process of claim 1, wherein said slurry is heat treated using spray

drying, tray drying, freeze drying, solvent drying, flash drying techniques or a

mixture thereof.

10.  The process of claim 3, wherein said colloidal dispersion is made from a
20 rare earth metal salt substrate 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.

11.  The process of claim 3, wherein said colloidal dispersion is made from a
25 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.

12.  The process of claim 3, wherein said colloidal dispersion is dried to a
30 gel and subsequently reconstituted in water to form said colloidal dispersion

used in step ().
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particulate. 2. The process of claim1l, wherein said m croporous
particulate material is a conpatible alumnosilicate. 25 3. The process of
claim 2, woaB®4s9sai d m croporous particulate material i s PCa/canpaisebl e
zeolite particulate material. 4. The Process of claim3, wherein said
slurry is heat treated, firstly, at 30 tenperatures bel ow about 200C and

secondly ,aopye 2PRUbrdtdifor cist ST wheldin Shidskoliflstmel With 402 kb

PCT/ CA02/ 01 e process of claim4, wherein the rare earth netal

oxi de is selgglefladdedrd frbeideraphd of dexsithan AQ. of oxi des of | anthani de
metal s, yttrium scandium and a mixture thereof. 5 6. The process of claim
5, wherein the rare earth netal oxide is an oxide of cerium 7. The

process of claim wher ei n_ sai d ,col,l oi.dal . di spersi on S. Ho | ess
than 4.2 andl4ai dTR®PFRsesRP! ciaUR Sy &hﬁﬁem@]ffff??g? 15 lﬂgferzﬁﬁ“g‘%ltﬁre&b# ocess of
claim1l1, wherein i [ rises a further step (iii) that includes
mlling éai dpﬁpg}%e%gaéjlflﬁotﬁés?;tﬁa%%@ée coated m croporous particul ate
material to provide particle sizes in the range of 1 to 25 microns. 15 9.

The process of claim1, wherein said slurry i.s heat treated using sgqr]ay
dryi ng, trayl$ryi The ptoceszef chajmig whentinesatd colididel, dispersionds preppredthai ques
or a mxture thereof. 10. The process of. .claim 3, .whergjn sal | oi dal

di spersi on i preggteaminesheentrodlyd rapge BgF?lﬁplﬁé]t%armE Istlzeétﬂfg(f@t@‘g’eﬁgtq ed from
t he group co?(zésti of@ rare earth netal nitrate, a rare earth netal
chloride, a ST R lAall acetate, a rare earth netal perchlorate and a

m'xturelt ereof. 11. The process of claim 3, wherein said coll oidal
di spersion is nade froma - ,

16.  The process of claim 15, wherein preparation of said colloidal
dispersion, having said predetermined particle size of 20 to 50A, comprises the
steps of: . ,
a) mixing a base and hydrogen peroxide with a hydrolyzable rare
15  earth metal salt solution, yielding a rare earth metal hydroxide 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.
20 '
17.  The process of claim 15, wherein preparation of said colloidal
dispersion, having said predetermined particle size of 50 to 704, comprises the
steps of:
a) mixing a base with a hydrolyzable rare earth metal salt solution,
25  whereby air is bubbled into said solution, yielding a raré earth metal hydroxide
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
30 metal oxide hydrate. '
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25 |l anthanide netal salt substrate selected fromthe group consisting of a
| ant hani de netal nitrate, a | anthanide netal chloride, a | anthani de netal
acet at e, Wa d3amidani de netal perchlorate and a m xture thex@EwuA0202382The
process of claim3, wherein said coll & dal dispersionis dried to a 30 gel
and subsequently reconstituted in water to formsaid colloidal dispersion

30 13, The. plBuesTRERove R, St Rt o SRR e o

30 13. The p _ eis th water and
an acid is aadedidp Ry 84 Brddetédnih &8 partieidiside 3f 186 to THOAPESRPFSe!

claim 3, wherern sail Ite’is mxed with water and 5 provides a pH of
| ess than 4. the stéps ghie process of claim 3, wherein said colloidal

di spersion is prepared to a predeternined controlled range of col | oidal
particle sizes of ap0 t mizdg a baserwith adyydselyzableirarciguth metal salt sqEiops ocess

of claim]15, .whecteipn prepargtio f said c¢colloidal dispersion, having said
predet er neH‘Wi‘F‘ﬁl&eéagé)%ab?’e%%%%‘gﬁﬂ?“m% at8§’ the steps of: a)

m Xi ng a base andyhydr e | Q_ﬁ.ﬁ.j (=

netal salt sol utigz, ylggﬁ?ﬁu% a ar%wéggfﬁarreta %???g%tégfuggpﬁgisgﬁﬂygnd b)
adding a str egiiaeinait o {iedd haae cadthiMetibhglrdxide slutlonsaiditi on to provide

the col |l oi dal dispersion of rare earth netal oxide hydrate, wherein the
strong acid i s caphbl e addingenstrongadid tg theware oartly nwesal hyidspxide isolution toar e

earth nmetal oxide hydrate. 20 17. The process of claim 15, er ei

prepar at i on provdde éhf‘cﬁﬂ'lf% SPAFOp&Y §F’€5’r\e“§‘a‘@’F% ox @Xéé@e%@ﬁ‘ﬂ

particl 16" Z%trgzlg ggidt i cz(p)é%le %?ﬁ@gég%ggaﬁﬁhemeséo?i%?daqfdispersion of rare earth
metal oxide hydrate.

19.  The process of claim 16, wherein the strong acid is selected from the
group consisting of nitric acid, hydrochloric acid and perchloric acid.

15 |
20.  The process of claim 17, wherein the strong acid is selected from the

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

21.  The process of claim 18, wherein the strong acid is selected from the

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

22.  The process of claim 19, wherein the strong acid is nitric acid and said

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

25 23. The process of claim 20, wherein the strong acid is nitric acid and said

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

24.  The process of claim 21, wherein the strong acid is nitric acid and said

colloidal dispersion of rare earth metal oxide hydrate comprises nitrate ions.
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a) mxing a base with a hydrolyzable rare earth netal salt solution, 25
whereby air is bubbled into said solution, yielding a rare earth netal

hydr oxi dewoswloa#39on; and b) adding a strong acid to the rac/esniohiszet al
hydroxi de solution to provide the cob] oidal dispersion of rare earth netal
oxi de hydrate, wherein the strong acid is capable of deaggregating the

col | oi dal dispersjon of rarg .ear I i e. . SUBSTI.TUTE
SHEET ( RULE ©%) DRIAFSSS cly&?&@}g{?ﬁ@d @gié ﬁﬁ%@&%@%@gﬁﬁgcl ai m
15, wherein ‘g{rg& roﬁg' on of said colloidal dispersion,. having said
predeterm ned particle 'size of 100 to 1501, conprises the steps of: a)

m xi ng a base wwth a hydrolyzable rare earth netal salt solution, 5 in
which the rare earth nmetal has two oxidation states; b) allow ng the

hydr ol yzabl 6.ar eTkaptacessofitlaim 28, wherain said fseesflownne bulk partieulate 15 r to
yield a rare earth netal hydroxide solution; and c) adding a strong acid to
t he rar e SearMiHatRIORr #8dr oxi de solution to provide the coll oidal

di spersion of rare earth netal oxide hydrate, wherein the 10 strong acid
i s capabl e of deaggregating the colloidal dispersion of rare earth netal

oxi de hydratg; 197hd Bﬁ)d&é@é?él%ilﬁ_ﬁ@%'efeiﬂ@ai_d/ﬂ@é fowihg Bulk partigulaci @ i s
selected fromthe group consisting of nitric acid, hydrochloric acid and
perchl ori c asitidte ibn-26e. The process of claim 17, wherein the strong acid is
sel ected fromthe group consisting of nitric acid, hydrochloric acid and
perchloric acid. 21. The process of claim 18, wherein the strong acid is

selected fromth 20 _group Cconsi Sti 0 140 i LG, aci d
and per Sllﬂ orf agﬂf pg%es%ﬁ%coﬁflgg‘iég%p L?’_r(}%v h’rfllfgj ﬁl&ﬁglfee% %mslt(:% ?%Esg acid
Is nitric acide 304 fmh the g&hh%ﬁﬁkﬁﬂg oP&iraetshrf met] Riteak! Hrdfeleatthoxi de
hydrate conprises nitrate~ions.

metal chloride, a rare earth metal acetate, a rare earth metal perchlorate and a

mixture thereof.

15 29. The process according to claim 17, wherein the rare earth metal salt is
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.

20 30. The process according to claim 18, wherein the rare earth metal salt is
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.

25 31.  The process according to claim 16, wherein the rare earth metal is
selected from the group consisting of lanthanide metals, yttrium, scandium and

a mixture thereof.

32.  The process according to claim 17, wherein the rare earth metal is
30 selected from the group consisting of lanthanide metals, yttrium, scandium and

a mixture thereof.
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25 23. The process of claim 20, wherein the strong acid is nitric acid and
said colloidal dispersion of rare earth netal oxide hydrate conprises
nitrate | ws03/022895 The process of claim 21, wherein the. StaToowp2ae38d i s
nitric acid and said colloidal dispedkion of rare earth netal oxide
hydrate conprises nitrate ions. SUBSTI TUTE SHEET (RULE 26) WD 03/ 024595
PCT/ CA02/ 01382 25. The proces . cl.aj : ' id free fl ow ng
bul k parti c\}%at e p’i‘?lcﬁsaqc%of g?? g%_nﬁzl?, %@Bﬁ@%é@? Q:gftﬁcrpgﬁa 23, wherein
said free flaw ' &5 i ' ; rocess
o cl ai m 24, el BYRLHERbUE KRG of Qerlrhs GrBphfiahd Himixkfe ROR0P
ilon-free. 10 28. The process according to claim 16, wherein the rare earth
metal salt is selected fromthe group consisting of a rare earth netal
nitrate, a rdne &Eheprocass of claim &y wherein saidimicsopareusparticulate materialy rare
earth netal perchl orpe%ate an? a m'gé‘gre thereof. 15 29. The process

accordi ng t d188(aRqFe diameier lessthath l0AL ¢ earth netal salt is selected from
the group consisting of a rare earth netal nitrate, a rare earth -netal
chloride, a rare earth netal acetate, a rare earth nmetal perchlorate and a
m xture thergpf. Phe gfocedd6f dlaig Swhersif Pielcolloital disperdiochthassH @ftledshe rare
earth netal salt is selected fromthe group consisting of a rare earth
met al nit r atthan 4.2 andsadcetiummenide hytliates ate crystalline. earth netal acetate, a
rare earth nmetal perchlorate and a m xture thereof. 25 31. The process
according to-claim16, wherein the rare earth netal is selected fromthe

| S f | hani de. . I ' '
Pher sof 1032 36rma Eren@escRtORi R, Warei shid e BRri s AP et 11 °
metal is 30 Ei,ﬁﬁ* ﬁﬁéﬁd&rﬂﬁlﬂﬁg ghid\arecutt mbktal OxRfe dUMdd2CHIRE prRicHl e

yttrium sca um an ‘
material to provide particle sizes in the range of 1 to 25 microns.

-

37.  The process of claim 3, wherein said slurry is heat treated using spray

15 drying, tray drying, freeze drying, solvent drying, flash drying techniques and a

mixture thereof.

38.  The process of claim 3, wherein said colloidal dispersion of cerium
oxide hydrates is made from a cerium salt substrate selected from the group
20 consisting of a cerium nitrate, cerium chloride, cerium acetate, cerium

perchlorate and a mixture thereof.

39. The process of claim 3, wherein said colloidal dispersion is dried toa
gel and subsequently reconstituted in water to form said colloidal dispersion

25 usedin step (i).

40.  The process of claim 3, wherein said zeolite is mixed with water and an

acid is added to provide a pH of less than 4.2.

30 41. Theprocess of claim 3, wherein said zeolite is mixed with water and

‘provides a pH of less than 4.2.
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a mxture thereof. SUBSTI TUTE SHEET (RULE 26) WO 03/ 024595 PCT/ CA02/ 01382
33 33. The process according to claim 18, wherein the rare earth netal is
sel ect ed WwooiBRIR®Sgr oup consi sting of cerium europi um andC/OA0INSSE2

thereof. 34. The process of claim1l, 3herein said mcroporous particul ate
material 5 has a pore dianeter |ess than 10A. ' 35. The process of claim3

wherein the | 1 okdal _di speksq h : 'Fﬁgs . ' erium
oxi de hydrat’es arZH%P%‘F&?PFﬁf@?rﬂfo%?elﬁk?g%?éplg@é%l%1 c_én_ﬁ]sg?éb\ﬂigég?% sai d
process CO"P%fe.%l frfided é&iﬁfol*%ﬂ%ngé bf kolldibaltpdrfileias ofidd 10804 2501td ar e
earth netal ©oxide coated zeolite particulate material to provide particle
sizes in the70Angd00ftoll50A.25 microns. 37. The process of claim3, wherein

said slurry is heat treated using spray 15 drying, tray drying, freeze
drying, solvent drying, flash drying techniques and a m xture thereof. 38.

Th lajm3, wh ' id .| oj dal__di ' f ' id
nyar ot 65 3 & Fado TRORIOPSRR oF i Wt R aloRBE BHRRIRIARC o oup 20"
per o or at e drae i S e R Brod R e B 4 e e i

col I oi dal digepgefion is dried to a gel and subsequently reconstituted in
water to formsaid colloidal dispersion 25 used in step (i). 40. The
process of claim8) whaising abiss anddiyidregansperoxisle witha hysrelyzablg cgriumci d

Is added to provide a pH of less than 4.2. 30 41. .The-process of claim 3,
wher ei n saj dsalksglphien; e 1nga CRrpm d&?@b’%ﬁcﬁﬂge B&H\?PHE@S@[ pH of |ess than
4. 2. SUBRJITUTE SFBEET SE&%SE azs@on\égc%{oogaﬁ %énﬁg(r%%%/d%ﬁﬁg soldfion to
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.

15 44. The process of claim 42, 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 cerium salt solution, whereby
air is bubbled into said solution, yielding a cerium (I'V) hydroxide solution; and
20 b) adding a strong acid to said cerium (IV) hydroxide solution to
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.

25 45 The process of claim 42, 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 cerium salt solution;
b) allowing the hydrolyzable cerium salt solutiqn to slowly oxidize

30 inair to yield a cerium (IV) hydroxide solution; and
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42. The process of claim3, wherein said colloidal dispersion is prepared
to a predetermned controlled range of colloidal particle sizes of 20 to
50A, 50 two 395 100 to 150A. 5 43. The process of cl ai mMA2CARe382I N
preparation of said colloidal disper8ion, having said predeterm ned
particle size of 20 to 50A, conprises the steps of: a) mxing a base and

hydr ogen peroxide wth a.,.hydrol yzable ceti um: Jo e Lng a
cerium EI 3 hydr 09() de %‘gqlﬂg Pé&%3381§@ 561)“!l §€?&‘F§3@ §%%‘#@8§§?léh§hqéa?d
cerium (I - DX i i i i [N of
cerium oxi depﬁo&ﬁgghg?comgdr%i%e %O%te ?g%%ﬁﬂg:x?%é ?gaﬂggéﬁggilheergi&sdﬂggggggegati ng
the colloi daﬁci@i§9§5&b‘l@8f@éag€g¢égdﬂiﬂg&hédelloidnlid'fspersboﬁ dfcdrysinaixéde 15 44. The
process of claim4Z, wherein preparation of said colloidal dispersion,

havi ng sai d hydmite exide hydraterti cl e si ze of 50 to 70A, conprises the steps
of: a) mxing a base with a hydrolyzable ceriumsalt solution, whereby air
i s bubbl el into said solution, yielding a cerium (1V) hydroxi de sol ution;

i do Che 98] 'ITRe BHRATOR Blafin' 4 cLeifi The UiRdd poiqY SERUeITGM HE| N 1 ©

provi de the rsion 6f cerium oxi e, Wherein the

strong aci dgjcupcRmeiitifg Of Mi@RUbi€ I3/drochlbhe a6idl dnd stathidirienridi on of cerium
oxi de hydrale oOxi de hyérate. 25 45 The process ofp%l aim42, wherein
preparation of said colloidal dispersion, having said predeterm ned

particle size of 100 to 150A, conprises kB the steps of.: m Xl n base
with a hydr ofyzablhe peogessof slaims, yehesein thy sﬁpm&aﬁlﬁl@w?@cmﬁrw%;@sb| e

i ox! a0 soBtRUPEPaAEStREHerie Nytfeciore fettnd RethBr g 1Y

PCT/ CA02/ 01382 35

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

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

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

colloidal dispersion of cerium oxide hydrate comprises nitrate ions.

50.  The process of claim 47, wherein the strong acid is nitric acid and said
colloidal dispersion of cerium oxide hydrate comprises nitrate ions.

20
51.  The process of claim 48, wherein the strong acid is nitric acid and said

colloidal dispersion of cerium hydrate comprises nitrate ions.

52.  The process of claim 49, wherein said free flowing bulk particulate is

25  nitrate ion-free.

53.  The process of claim 50, wherein said free flowing bulk particulate is

nitrate ion-free.

30 54. The process of claim 51, wherein said free flowing bulk particulate is

nitrate ion-free.
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c) adding a strong acid to said cerium (1V) hydroxide solution to provide
the colloidal dispersion of cerium oxide hydrate, wherein the strong acid
i s capabl woofs/odemggr egati ng the col | oi dal di spersion of cerdTuEA©NI1E2
hydrat e oxi de hydrate. 5 46. The proc&ss of claim43, wherein the strong
acid is selected fromthe group consisting of nitric acid, hydrochloric

acid and perchloric acid. 47. The process, Qf, cl ai . Wh i h t

acid is sgl eg%]'ed ﬁ%ﬂﬂ%@s a&“d’fg’PSJE c& 15T tvy]ae&e@“ﬂgﬁéﬂup gaglﬁjsnsekpg? cwggi c
act d and_ per fBhPleGrBh fondiSting BFa BefGhTAte, &lcBtilinfichloe #tcrtde Strong
acid is sel ected mihe  grdup consisting of nitric acid, hydrochloric

aci d and per gdutfie] £ cééudl petéhldfate dhi¢ apnixaassheakofl ai m 46, wherein the
strong acid is nitric acid and said colloidal dispersion of cerium oxide

hydrate conprises nitrate ions. 50. The process of claim47, wherein the
Pyr ate GompsesesThE BFEEES PHEIRESOSIAT 1S Bhuel Ee et st HOIEY of n t he
strong acid kS _njtri id. i col 1.0 da B i o, i.um hydrat e
conpri ses ni ?PE{] ei%ﬁ%ﬁ%’%‘%‘c’g?gﬁ%‘g’g‘ %ﬁh%r gic%higféﬁ ie)ira & %Célglﬁllé} free

flowi ng bul kofRktki &bbdi@ petchldPatdhhd Atrixn@ethereef. 53. The process of claim
50, wherein said free flowng bulk particulate is nitrate ion-free. 30 54.
The process of claim51, wherein said free flowing bulk particulate is
nitrate ion-free. SUBSTI TUTE SHEET (RULE,26). WO, 03/ 024595 PCT/ CA02/(£1382
36 55. The pddcesThapreness Aecarding tgickaims4s, Whersimthererivn saltissalects

" cer i unlO acBow e ogB RriRRRAS bhR8rGb uate, A Rephl Bibrigh fpLidi ' ot ¢

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.
15 |
59.  The process of claim 50, wherein the mole ratio of nitrate ions to cerium

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

60.  The process of claim 51, wherein the mole ratio of nitrate ions to cerium

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

61. The process of claim 3, wherein said rare earth metal oxide coated on
the outer surface is in the range of 20 to 70% by weight based on the total

equivalent rare earth metal oxide and zeolite content.

25
62. The process of claim 61, wherein said rare earth metal oxide is cerium
oxide.
63.  The process of claim 3, wherein the zeolite is represented by the formula
30

M,, M’,M**5{aAlO; b SiO; * cTO;]
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5 56. The process according to claim44, wherein the ceriumsalt is
selected fromthe group consisting of a ceriumnitrate, a ceriumchloride,
a ceriumwacsttas®s a cerium perchlorate and a m xture therreadfCABN138Zhe
process according to claim45, whereid the ceriumsalt is selected 10 from
the group consisting of a ceriumnitrate, a ceriumchloride, a cerium
acetate, a ceri,um.perchlorate and a m xture thereof. 58. The process of

cl aim 49, V\heP"Q}eﬁe he nole ratio of nitrate ions to ceriumoxide in said

col | oi dal di Sperﬁﬂigla,hﬁnaﬁlfﬁﬁaﬁgﬂge of 0.12 to 0.25. 15 59. The process
of claim50, wherein the nole ratio of nitrate ions to cerium oxide in

sai d col | oi dal di¢pes divalleritzationf he range of 0.12 to 0.25. 60. The process
of claim51, wherein the nole ratio of nitrate ions to cerium 20 oxide in
sai d col | oi dal dMSpisrastrivialent cAHORhe range of 0.12 to 0.25. 61. The process
of claim3, wherein said rate earth,netal.oxi t :
surface isSin tHe % &ncMpfl Baf%n‘?‘%eﬁsglw%bb‘ﬁ%gﬁ#l%%g@g&?%ﬁﬁéﬁ’elétpglpg%&%ons’
equi val ent rare t | slez&gd zeolite content. 25 62. The process
of claim 61, V\hecfe’gllrl’nﬁlggﬁgairlaa?ggearth’ metal oxide is cerium oxide. 63. The

process of cl ai n\Band\Bear tetrbhedraltylcobalinsted dlranslSitatombyandie fornula 30
MnM"Mp[laAl2 b Si02 cTQ2] SUBSTI TUTE SHEET (RULE 26) WD 03/ 024595

PCT/ CA02/ 01382 Bis aetrakiedrallyl ¢aprdinatatomatad ators beinghabletp replage Al vaSent
cation, M is a trivalent cation, 5 a, b, ¢, n, m and p are nunbers- which
reflect the stoichionetric proportions,

10 the ratio of b/a of the zeolite or the zeolite-like rfxat'erial, has a value of about 5

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

A

64.  The process of claim 3, wherein the zeolite is selected from the group
15 consisting of silicalite zeolites, faujasites, X, Y and L zeolites, B-zeolites,

Mordenite zeolites and ZSM zeolites and a mixture thereof.

65.  The process of claim 3, wherein the zeolite is selected from the group
~ consisting of hydrophobic, mildly hydrophobic zeolites, and a mixture thereof,
20  which have an affinity for hydrophobic and mildly hydrophobic organic

compounds.

66. A catalytic rare earth metal oxide-coated zeolite free-flowing bulk
particulate comprising:
25 a zeolite particulate material;
a rare earth metal oxide;
said zeolite parﬁculate material having an average pore size of less than
20A; and |
greater than 20% by weight of said rare earth metal oxide coated on
30 outer surfaces of said zeolite particulate material, based on the total equivalent

rare earth metal oxide and zeolite content.
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C, m nor p can also be zero, Al and Si are tetrahedrally coordinated Al
and Si atons, and T is a tetrahedrally coordinated netal atom being able to
repl ace AWOoB3/03#595 10 the ratio of b/a of the zeolite or tHga/EKQINISR-]i ke
material, has a value of about 5 to 3bout 300 and the m cropore size of
the zeolite is within the range of 5 to 13 A 64. The process of claim3,

Peol tos, 1 & asi TRkesdioviah RUK BERFIRE.OF Al by WRARTAL e Rerdl 1 o °

and ZSM Zeo'nilétgfoﬁ'ag i@ﬁé&gﬁnﬁl&%gﬁgp cfg,éﬁgsiﬁgg_ogrmsoﬂgnﬁllaaﬂ@ 3, wherein

the zeolite IS selecte romthe gr ing of hydrophobic, mildly

hydr ophobi ¢ ggls, Yifiund Rearitlitindnd emikere tereof20 whi ch have an affinity for
hydr ophobi ¢ and m | dl y hydrophobi ¢ organic conpounds. 66. A catalytic rare
earth netal oxide-coated zeolite free-flowi ng bulk particulate conprising:

25 a zeolite particulate matecigl; .a re [t t,al .oxide; said zeolite
parti cul éte@%terﬂéﬂ m&%ﬂ&ﬁug%%efag%%‘: fl?gﬁl}eé%’g)ﬂ‘ﬁéwe e%ti; and
greater than_20% b ' . Of gi ﬂ]_' are earth netal oxide coated on 30

out er surfaéggtagf)%g}qghgggf%%épar n|ti'cul ate material, based on the total
equivalent rare earth netal oxide and zeolite content. SUBSTI TUTE SHEET

(RULE 26) WO 03/024595 PCT/ CA02/ 01382 38 67. _The free-flow ng bul k
particul ate 6. clBhefr66-flomingdutk paticnlate of alaith 66ywehereipysaibrare esghect ed

fromthe group congjsting of oxides of |anthanide ls, riu
scandi um andnatakioxidgreeat e outersriapgds 12 gﬁjrﬁpgﬁgﬁéaﬁﬁﬁlgx}bhyt‘ﬁ'@gbﬁt e of
claim %0 eS8l Sn'dhe tortg‘lréaqu?%l%]t rat bakh Reefoxide Rd 2846 Rhtdze! | UM

70.  The free-flowing bulk particulate of claim 67, wherein said lanthanide
metal oxide coated on the outer surface is in the rarige of 20 to 70% by weight
based on the total equivalent cerium oxide and zeolite content.

15

71.  The free-flowing bulk particulate of claim 68, wherein said cerium oxide
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.

20 72. The free-flowing bulk particulate of claim 66 further comprises particle

sizes in the range of 1 to 25 microns.

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

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

particulate material has a pore diameter less than 10A.

75.  The process of claim 66, wherein the zeolite is represented by the
30 formula '

M, M’;M’’p[aAlO; e b SiO,  cTO;]
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69. The free-flow ng bulk particulate of claim®66, wherein said rare earth
nmetal oxi de coated on the outer surface is in the range of 20 to 70% by

wei ght 1wdeaedIon the total equivalent rare earth netal RE/Ce2amss2zeol ite
content. 70. The free-flowing bulk pasticulate of claim67, wherein said

| ant hani de netal oxide coated on the outer surface is in the range of 20
to 70% by We!y% based on the total equivalent cerium oxide and zeolite
content. erqlﬂe free-flowi ng bul k particulate of claim68, wherein said

cerium oxi de thaiE%qngﬂon@mqﬂhgﬁ surface is in the range of 20 to 70% by
n

wei ght based o t ot equi val ent cerium oxide and zeolite content. 20
72. The free- flmg\gdmdlgntmnbncul ate of claim®66 further conprises
particle sizes in the range of 1 to 25 microns. 73. The free-flow ng bul k
particul ate of M’ aism Gbalenieatom, sa| d free fI owing bulk particulate is

wher o1 'sg.:dfiiim Con, BaPtd BAFSILTRECLV A h cﬁﬁlsg et pEoRu ol
10A. 75. T db h
e pr ’ﬁﬁﬂsrffpkfgé%%n%ﬁﬁ?ﬁherel n the zeolite is represente y the

30 formula Mn cT021 SUBSTI TUTE SHEET (RULE 26) WO

03/ 024595 PCT/ CAPgh@$B8r te&&hddiﬁnylcOordﬂxatadaMrmﬂcSaadtems amtion, M is a
divalent cation, M 1is a trivalent cation, n, m and p_are

nunbers whi ch rEfig emuahwdrailwamdmm&qubratﬁpmbﬂmle te replgcerAber Sl.can
al so be zero, Al and Si are tetrahedrally coordinated Al and Si atons, and

10  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 size of the zeolite is within the range of 5 to 13

A

76.  The process of claim 67, wherein the zeolite is represented by the

15 formula

M, M’ M*’p[aAlO, @ b Si0; e cTO;)
wherein |
M is a monovalent cation,
20 M’ is a divalent cation,
M*’ is 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
25 T is a tetrahedrally coordinated metal atom being able to replace Al or Si,

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.
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Tis a tetrahedrally coordinated netal atom being able to replace Al or Si,
10 the ratio of b/a of the zeolite or the zeolite-like material, has a

val ue of wpest02895t o about 300 and the mcropore size of tHE/ealNse is
within the range of 5 to 13 A 76. T#e process of claim®67, wherein the
zeolite is represented by the 15 formula Mn M nMp[aAl 02 b- Si02 c¢T02]

wherein Mis _a nmongval ent catj | H | '"is a
trival ent catﬁon, n&e pyocess ‘ﬁfcllﬁﬁl g%’(zj\g BMg}ﬂeﬁlﬁﬁzr%g}’@S%#ﬁ%%fgﬂbgépM he

st oi chi onetritgnﬁﬁﬁporti'ons, C, m nor p can also be zero, Al and Si are
tetrahedrally coordinated Al and Si atonms, and 25 T is a tetrahedrally
coordi nated netal atom being able to replace Al or Si, the ratio of b/a of
the zeolite or the zeolite-like material, has a value >5 and the m cropore
size of the zeol MgM5Mii[aAIO: n® Sifhec®P25 to 13 A SUBSTI TUTE SHEET
(RULE 26) WD 03/024595 PCT/ CA02/ 01382 40 77. The process of claim 68, '
wherein the 28TEMe is represented by the fornula Mm M nM p[aAlC2 b Si02

cT2] 5 V\hereip{)i\?ﬂg%‘o%B%ggy e cation, M is-a divalent cation, M is

a trivalent cat n, M and p are nunbers which reflect the
stoichionetric grqpardivsless catibg.C. M n or p can also be zero, Al and Si

are tetrahedrally coordinated A' and Si atoms, and
M”’ is a trivalent cation,
a, b, ¢, n, m, and p are numbers which reflect the stoichiometric proportions,
10 c, 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,

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

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

78.  The free-flowing bulk particulate of claim 66, 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 |

79.  The free-flowing bulk particulate of claim 67, wherein the zeolite is

selected from the group consisting of silicalite zeolites, faujasites, X, Y and L

zeolites, P-zeolites, Mordenite zeolites and ZSM zeolites and a mixture thereof.
25 80. The free-flowing bulk particulate of claim 68, 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.
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Tis a tetrahedrally coordinated netal atom being able to replace Al or Si,
the ratio of b/a of the zeolite or the zeolite-like material, has a val ue
>5 and t h&Oo B®2#596r opore size of the zeolite is within thedraowe/0e$s25 to 13
A. 78. The free-flowi ng bul k particul & e of claim®66, wherein the zeolite
Is selected fromthe group consisting of silicalite zeolites, faujasites,

X, Y and L ol i tgs | | kot -oites and
a mxture th eof&'ﬁ %@%O\S%gﬁgﬁggﬁ%ug%gﬁtf%lm o%ﬁ?%e oﬁei Pai m 67,
wherein the ggolibd ¢rdnt mé@'oﬁgtc%ﬁsi%ﬁﬁgbf Bydﬂfpmamc wmsjmyagoﬂiobw icalite
zeolites, faujasites, zeol i tes, -zeolites,” Mordenite zeolites
and ZSM zeol Zécﬂﬁe@radda mixtute thetdofy which hweam afﬁnayffoehymiopmhg and k
particulate of claim68, wherein the zeqglite is sel ected fromthe group
consi sting omilsly hydrophebiceergapiscompaungdsi tes, X, Y and L zeol i tes,
(3-zeolites, Mrdenite zeolites and ZSM zeolites and a nixture thereof.
SUBSTI T SHEET (RULE 26) WD 03/024595 PCT/ CA02/01382 41 81. The
free-flow nggpul kt of M t sel ected
fromthe gr oup conglegeb ﬁ%%gpﬁnmdk?aﬁgﬁ%@ 0m dﬁsﬁy‘giﬁgﬁﬁgﬁlg z@glé% ites, and
a mxture thpﬁrﬁ@ﬁlatd\hia@éhdl&raea@ﬁeﬂesllthan4(2[ hydrophobic and mildly

hydr ophobi ¢ organi ¢ conpounds. 82. The free-flow ng bul k particul ate of
claim 66, wherein said zeolite partlcul ate rraterl al has a pH of less than

30% by 10 wSbght The Taretouing wllk merilse a5EiniEn Phouberein on P BR DY
equi val ey T g6 5aith. Ral tgﬁoﬁgegﬁﬂea dntsthéqwaﬁie@@gm@rbga RV e

when t he e coa zeol1te free

particul ate ir&taﬁ'd#ﬁdé @&tbﬂt)\&@fcﬂfnd 84eacHiatd vateriwhan the ratd Barﬂﬁﬁtetaﬂul ate of
claim 66, wherein Iess than 30% by 15 weight of the cerium oxide (based on
the total equkidetanatedredlitenfroe+fievingindk particuateasislirtied ireweteri nt o wat er
when the cerium oxi de-coated zeolite free-fl ow ng

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

bulk particulate is slurried in water.

85. A process for making a catalytic rare earth metal oxide-coated zeolite

20 . 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: _

i) combining an amount of a colloidal dispersion of rare earth metal

25 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 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 af least 204, to

30 position thereby, said colloidal dispersion on said outer surfaces of said zeolite;

and
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bul k particulate is slurried in water. 85. A process for making a catal ytic
rare earth nmetal oxide-coated zeolite 20 particulate nmaterial having at

| east 1 9weyo3weiyht of said rare earth netal oxide coatedCInCAantoess2
surfaces of said zeolite particul ate #aterial, based on the total

equi valent rare earth nmetal oxide and zeolite content, said process

conprising the steps.,of: . i), conbinin ; 1.Qj sion
of rare earth metal 135 o#é%u%gaﬁaégwg%%%%ﬁé%zlég{ﬁf&gtggrémul ate
material to forhhgye hbinaoo°ths BBR1Ss Han!I50°CObt Scihtial iifbinaABnddiciens
sufficient to provide, when heat treated as per step-(ii), greater than

1. 0% by wei ght qfhdréia sasd Slugris heariredted diistlg, attamperztuiesthelpmabouet2G0°€
material having an average pore size of less than _2QA and said coll oi dal

di spersi on havi agdaegendlycaboveiabout #0QC betdess than 5500 C3te Hudhe resultantiassy

S e o Roh ity e s B e BaB R Rt
treating said sl u%r,igg%tcfr@e hgwrg%%w%rggg% about 200C, above about 400C

to about |ess t /KA or se I nations thereof wherein said
slurry is heat treated, firstly, at tenperatures bel ow about 200C and
secondl y, above about 400C but |ess than 550 C, to fix the resultant rare 5
earth netal oxi &b.on A pratessfer mskingacestalytic catiuny exidetcoatesyzeolite particulate
material, to provide a free flow ng bul k particulate. 86, A prpcess, for

maki ng a cat al ytmetenal haingat lrast b weight of saig:feriugy pXide comidern Qftehavi ng

ai d zeol | 1 d0partrRarss e o PR Bl e AL e Rl pR o babvgeey O

S 0 S cor ! eSS AR ke g pt bec Tl 10

zeolite particul ate rijt ericmbinifgoamamosnhtof g colididal dispenstonodf eeine okidsi dal

di spersion bel n%ysdllj';tl;lvgiitﬁ gtcogrgpa%%(ljg izéjoelita %@ftlncuﬁﬁgtmaterial to form a slurry, the
amount of the colloidal dispersion being sufficient to provide, when heat

15 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 20A, 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,

20 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
provide a free flowing bulk particulate.

25
87. 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

30 thestepsof:
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15 treated as per step (ii), greater than 1.0% by wei ght of the cerium
oxide, said zeolite particulate material having an average pore size of
| ess t hanwdOd/oas®s sai d col |l oi dal di spersion having a particd/e®iozss2of at
| east 20A, to position thereby, said4xoll oidal dispersion on said outer
surfaces of said zeolite; and ii) heat treating said slurry at a

t enper at ure bel ow, about 200C . : 550C,
or sequenti al corf‘?)i natqgﬁ@&%&ﬂg@%ﬁéﬁ%f%?ﬁltlglélgg&ss?gl}s%ho%rakgg?rtlﬁ ?fgéeil%led,
firstly, at I nﬁﬂlﬁ% i 1atd MEhteSI0EliNg a PIPYL13 tin 400C
but |ess thaH 55 é?&]{l%???l thggilgu% gﬁ?ﬁ cerium oxi de %n%ggi d outer
surfaces of abaut42:tl form Pslutrys thesdrmoumtafithalkcollowlal drspersien beifigee f | owi ng
bul k particulate. 25 87. A process for Hﬁki ng a ca;al ytic rare {)th nmet al
oxi de- coat eduffieient to prexide, sheatheafireated a5 PREFicR] 1134 Sleatss than 5/9% ¥ei ght of

par i cul gt o Wb ph e Bk St RS0 A Aol R ARE A BN AR AF i e

and zeolite j I 8d; - BSTI TUTE
e CRuLE SRR Do SRLHAEROEAR 0B SlGolldftal Rispelan having S DS T OF 4
col I oi dal diﬁd?ﬁél%isihfb of atrleas 29@(,&6 oBitioh thénety asaid wollbidal disppsiebor zeolite

particulate material having a pH of less than about 4.2 to forma slurry,
t he anpunt ofaid huter shtfacasaf saidpeoldeoandei ng sufficient to provide, when

carth motal o dD sailFes ispithe Sy ehe demarahi o QLD S, foc”
metal _ FHRERr YRR e dver age
C77e of 1 7\ abSp P RS ¢, R Rfandied) B0 Mt ns Ihalshf BRIy b ' ©

sai d outer shualt %ﬁfed?ﬁrét%j dt ZempérhturesBélotv abdie 2008 C eatisegorsdly tatidvier ry at a
t enper at ure bel ow about 0C, 10 above about 400C, or sequenti al
conbi nat i onsalidu4867C thdnethe resiltans iranerearthsmetab axideransaid outarsyrfiages off
t enper at ures bhel ow, about 200C and secondl.y, oV . .
w said zec\ﬂ ite partticu%ate matega , to provicyie aaf?ee ﬁowmg bulk particulate.

15 88. 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:

20 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 hgat
treated as per step (ii), at least 1.0% by weight of the rare earth metal oxide,
said zeélite particulate material having an average pore size of less than about

25  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

ii)  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

30 particulate material, to provide a free flowing bulk particulate.
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about 400C, to fix the resultant rare earth netal oxide on said outer
surfaces of said zeolite particulate material, to provide a free flow ng
bul k partwowsake9ws 15 88. A process for making a catal ytic rGAreAeanisa net al
oxi de-coated zeolite particulate matérial having at |east 1.0% by wei ght
of said rare earth netal oxide coated on outer surfaces of said zeolite

particul ate erial, bas on,the total equi r al th nmetal oxide
and zeolite (r:@'lt engprggqsaeiﬁ}' Bleking a gafa ‘&Ws'iaﬂ%é%/lﬁ%sgmelp@ag‘??%g%ﬁi ) conbi ni ng
an anmount of a. | ' (Y ] & BafB nddtal & hdiont e with
a conpatibl e @%%‘PH’@“%?H‘?%@P%@%?E@?‘Q fﬂ%@ orma sl urr??qagt%ﬁe anount of

the col | oi dal gglef p@fadeardfizaidmicupbions paitidudatp materlel, saddeprobesstconmprisingd as
per step (ii), at least 1.0% by weight of the rare earth nmetal oxide, said

zeol ite partithelsteps ofat eri al having an average pore size of |ess than about
25 20A and said co|l oidal djspersion havin ticle.size of at,leas
about 20AS5 to posDti onc9m P\é‘g%/fmQg}odm?B*P%Pﬁﬁfﬁiip?ﬁg’fsé?%ﬂﬁﬁ{e§ﬁm %%Pter
surfaces of saj. Lta: lnl 9 ' [ : t
tenperature b @\%1@@%{}% R@Bb%@%bhﬁpf%ﬁ% é@?&# ? gﬁlﬁﬂrl%?e Zhéetgir:l%ﬁr%%a oxi de
on said out erglapif sei8mittorstbds paticulate miferivlHaviriy &t evérage pbad sizé tespr ovi de
a free flowing bafk particul ate. SUBSTI TUTE SHEET (RULE 26) WO 03/024595
PCT/ CA02/-0138than4le Particle pize of saidfanllonddl idispessiony tel pasition thegehyosaid et al

oxi de-coated nicroporous, particul ate teri gl ,Bavj ng the rare ?arth nmet al
oxi de coated eplloidak disparsionerthe quier-sugtaces b dﬁ?r‘ggﬂrp}l%ﬂ?’&{cé‘ f@terial,
sai d procgss con%ii_si n the steps of 5 i) conbining an anount of a :
col | oi dal “di s : ad’n rare earth netal oxide hydrate with a conpatible
m croporous parti PHP at eh%tt?éa'tiﬁg shfdl {18Fr 18 fixSthe rhde eattH Fheti]l OXRROIOME
particul ate material having an average pore size less than the particle

size of said ooler sudateshifthe hiicroporéus partictlatmiateriatby said col | oi dal
di spersion on the outer surfaces of said microporous particulate

 90.  The process of claim 89, wherein said heat treating comprises heating
15  said slurry at a temperature sufficient to drive off sufficient water from said slurry,
to form a free flowing bulk particulate.

.91.  The process of claim 90, wherein said heat treating further comprises
calcining said free flowing bulk particulate.
20
92.  The process of claim 89, wherein said heat treating comprises heating

said slurry to dry, calcined powder in a single step.

93.  The process of claim 89, wherein said slurry comprises nitrate ions and
25  during said heat treating is conducted at a temperature sufficient to decompose

at least some of the nitrate ions to gaseous components.
94,  The process of claim 91, wherein said slurry comprises nitrate ions and

during said calcining is conducted at a temperature sufficient to decompose at

30  least some of the nitrate ions to gaseous components.
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10 material; and ii) heat treating said slurry to fix the rare earth netal
oxide to the outer surfaces of the mcroporous particulate material. 90.
The procew® @3fo2¢d98i m 89, wherein said heat treating conprirKEsCARAIINAg 15
said slurry at a tenperature sufficie#t to drive off sufficient water from
said slurry, to forma free flowing bulk particulate. 91. The process of

cl ai m 90, whgrein,sai d heat .t {4 | ol said free
{1 owi g bul KoBar ¢ AEGEpaee g6 et 46\ dveteln la GRUPRE ARther SBRNlthiBfld, | (27
Lreating compyiises e R okRickomed microBofbit pablulbmatlaREWEs pidvide S ngl e
step. 93. The process of claim89, wherein said slurry conprises nitrate
ions and 25pgiidlagizesiitheaange oBhto 8§ mizramsnduct ed at a tenperature
sufficient to deconpose at |east sone of the nitrate ions to gaseous
conponents. 94. The process of claim91l, wherein said slurry conprises
nitrate ions and during said calcining is conducted at a tenperature
sufficient to deconpose at 30 |east sone of the nitrate ions to gaseous
conmponents. SUBSTI TUTE SHEET (RULE 26) WD 03/ 024595 PCT/ CA02/ 01382 45 95.
The process of claim89, wherein said process further conprises mlling
said rare earth netal oxide coated m croporous particulate material to
provide particle sizes in the range of 1 to 25 m crons. SUBSTI TUTE SHEET
(RULE 26)
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