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[0004] In an FCC process, catalyst particles (inventory) are repeatedly circulated
between a catalytic cracking zone and a catalyst regeneration zone. During
regeneration, coke from the cracking reaction deposits on the catalyst particles and is
removed at elevated temperatures by oxidation with oxygen containing gases such as
air. The removal of coke deposits restores the activity of the catalyst particles to the
point where they can be reused in the cracking reaction. The coke removal step is
performed over a wide range of oxygen conditions. At the minimum, there is

typically at least enough oxygen to convert essentially all of the coke made to CO and
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This mode of operation is usually called “partial burn.” When an FCC U regenerator
is operating in partial burn mode, the CO produced, a known pollutant, cannot be

discharged untreated to the atmosphere. To remove the CO from the regenerator off
gas and realize the benefits of recovering the heat associated with burning it, refiners

typically burn the CO in the regenerator off gas with the assistance of added fuel and
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[0009] Yet another combustion mode of operating an FCCU is nominally in full burn
with relatively low amounts of excess oxygen and/or inefficient mixing of air with
coked catalyst. In this case, large sections of the regenerator may be under reducing
conditions even if the overall regenerator is nominally oxidizing. Under these
conditions reduced nitrogen species may be found in the regenerator off gas along
with NOy.

[0010] Various catalytic approaches have been proposed to control NO, emissions in

the flue gas exiting from the FCCU regenerator.
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[0016] Efforts to control ammonia released in an FCC regenerator operated in a
partial or an incomplete mode of combustion have been known.

[0017] For example, U.S. Patent 5,021,144 discloses reducing ammonia in an FCC
regenerator operating in a partial burn combustion mode by adding a significant
excess of the amount of a carbon monoxide (CO) oxidative promoter sufficient to
prevent afterburn combustion in the dilute phase of the regenerator.

[0018] U.S. Patent 4,755,282 discloses a process for reducing the content of ammonia
in a regeneration zone off gas of an FCCU regenerator operating in a partial or
incomplete combustion mode. The process requires passing a fine sized, i.e. 10 to 40

microns, ammonia decomposition catalyst to either the regeneration zone of an

FCCU, or an admixture with the off gas from the regeneration zone of the FCCU, at a
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partial or incomplete burn mode. Advantageously, the compositions exhibit high

efficiencies for the oxidation of gas phase reduced nitrogen species present in the
regenerator off gas to molecular nitrogen prior to passage of the off gas to the CO
boiler. This reduced content of gas phase reduced nitrogen species in the off gas
provides for an overall reduction of NOyx emitted into the atmosphere from the FCCU
due to a decrease in the amount of the nitrogen species being oxidized to NOy in the
CO boiler as CO is oxidized to COs.

[0022] Despite the reducing environment in an FCCU regenerator operated in a
partial burn or incomplete burn mode, some NO, may form in the regenerator. In

addition to reducing the content of gas phase reduced nitrogen species, compositions
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additives particles circulated along with
combustion modes using the compositions of the invention.

[0025] Accordingly, it is an advantage of this invention to provide compositions
which are useful to reduce the content of gas phase reduced nitrogen species released
from an FCCU regenerator operating in partial or incomplete combustion modes
during an FCC process.

[0026] It is also an advantage of this invention to provide compositions which are
useful to reduce NOy emissions from an FCCU regenerator operating in partial or
incomplete combustion modes by minimizing the amount of reduced nitrogen species

emitted from the regenerator during an FCC process.
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NOy remains untreated and is eventually released into the environment.
[0032] Yet another advantage of this invention is to provide improved partial or
incomplete combustion FCC processes using the compositions of the invention.

[0033] These and other aspects of the present invention are described in further detail

below.
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loﬁ?éﬂg %ﬁ%rapbleaargsemﬂn he comppanison Of NQxogvegpion in an

me%@fe déﬁ}n@mﬁ eaetsQit] RO at VHcLO R vREESGR A QJact%qi Piddiiy B

A, C, the cracki ng catal yst al oné, and
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i .qraphic r @sentation of the conparison of
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combustion promoter, CP-3%,

DETAILED DESCRIPTION OF THE INVENTION

[0039] For purposes of this invention the term “NO,” will be used herein to represent
oxides of nitrogen, e.g. nitric oxide, (NO) and nitrogen dioxide (NO;) the principal
noxious oxides of nitrogen, as well as N,Oy4, N,Os, and mixtures thereof.

[0040] The term reduced “gas phase reduced nitrogen species” is used herein to
indicate any gas phase species formed in the regenerator of a fluid catalytic cracking
unit during a fluid catalytic cracking process which gas species contain a nitrogen

having a nominal charge of less than zero. Examples of gas phase reduced nitrogen



[0036] FIG 3 is a graphic representation of the
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reactor feed in the presence of Additives A B and C

the cracking catal yst alone, and a comercia
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[0042] tThe abeigcemeraabmﬂe afefal ih khel dbngakigions ofthe irdekiiagis adfinietal
during a fluid catal ytic cracking process which gas
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d . and
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reducti on of the overal NO, em ssions released from
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art bu canbusti on e. The . )
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alumina, silica alumina, lanthana alumina and zirconia alumina.

[0043] The acidic metal oxide may be crystalline or amorphous. Amorphous silica
aluminas are most preferred. Where an amorphous alumina silica is used, it will have
an alumina to silica molar ratio of about 1 to 50:1, preferably about 2 to 20:1.

[0044] The amount of the acidic metal oxide component present in the composition of
the invention will typically be at least 5 wt % of the total composition. Preferably, the
amount of the acidic metal oxide component ranges from about 5 to about 98 wt %,
more preferable from about 15 to about 95 wt % and even more preferable, from
about 20 to about 90 wt % of the total composition.

[0045] Further, the acidic metal oxide has a sufficient surface area to promote the

reduction of NO, and gas phase reduced nitrogen species formed in the flue gas of an



thereof; (iii) an oxygen storage conponent; and (iv) a
nobl e netal conponent selected fromthe group
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ceria, samaria, praseodymia, europia, terbia and mixtures thereof. Suitable transition
metals include vanadia, manganese oxide, iron oxide, nickel oxide, copper oxide,
cobalt oxide, chromia, titania, silver oxide, molybdenia, niobia, gold oxide, tungsten
oxide, and mixtures thereof. In a most preferred embodiment of the invention at least
a portion of the oxygen storage component is ceria. Even more preferred is that the
oxygen storage metal oxide component consists essentially of ceria. It is also within
the scope of the present invention that the oxygen storage metal oxide component

may contain other stabilizing metal oxides such as, for example, zirconia and rare

earth metal oxides typically not heretofore known in the art to have oxygen storage
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mageripls dopnys signgiantty adversely affect the performance of the compositions to

reduce the content of gas phase nitrogen species and NO, under partial or incomplete
combustion conditions. It is preferred, however, that the compositions of the
invention consist essentially of components (i) through (iv).

[0052] Compositions of the invention are in a particulate form and will typically have
any particle size sufficient to permit the composition to be circulated throughout an
FCCU simultaneously with the inventory of cracking catalyst during an FCC process.
Typically the composition of the invention will have a mean particle size of greater

than 45 pm. Preferably, the mean particle size is from about 50 to about 200 pm;
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be circul ated throughout an FCCU sinultaneously wth

zirgpraumppd are egrthh MetatsdyRicaldy veithgrepeforedinowmgnalie &CO have
ox?ée?l%?&ﬁge capability, e.g., lanthanum, neodymium, gadolinium, yttrium,

scandium, hafnium, and mixtures thereof. Preferably, the peptized acidic metal oxide
containing slurry also contains an amount of an alkali metal and/or an alkaline earth
metal sufficient to provide at least 0.5 wt % of alkali metal and/or alkaline earth metal
in the final base material composition.

[0055] An additional acidic metal oxide source, €.g. sodium silicate as a silica source,
may optionally be added, with agitation, to the oxygen storage metal containing slurry

with agitation in an amount sufficient to provide at total of at least 5.0 weight percent,
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peptized acidic netal oxide
10"to about 30, preferably, 20 to about 25, weight percent solids, and (ii) adding to the
slurry an alkali base, e.g. sodium hydroxide, potassium hydroxide, sodium aluminate
and the like, and/or an alkaline earth metal base, e.g. magnesium hydroxide, calcium
hydroxide and the like, in an amount sufficient to peptize the acidic metal oxide and
provide at least 0.5 weight percent alkali metal and/or alkaline earth metal in the final
base material composition. In general the amount of alkali metal and/or alkaline earth

metal base used ranges from about 0.01 to 1.0 mole of alkali base per mole of acidic

metal oxide, preferably 0.4 to 0.7 mole of alkali base per mole of acidic metal oxide.
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aciipesmplefacsbpmewd dxidei Thereafter she dwirdes agotasihereinglescribed
sI rry used to prepare the base nmaterial conposition
%y be prepared by (i) form ng an aqueous slurry

[0059D 12 PrefdiredemisbanHEt 0 thedhvedniah ! the Bescafitehia caﬁﬁ)aémon is
oxi de, preferably alunina, sufficient to rovi de at
prepared by P 1) preparing an aqueous acidic metal oxide slurry having from about 10
to about 30 percent solids, (2) adding to the slurry, preferably with agitation, a
sufficient amount of an alkali base and/or an alkaline earth metal base in an amount
sufficient to peptize the acidic metal oxide and provide at least 0.5 weight percent of
alkali metal and/or alkaline earth metal, measured as the metal oxide in the final base
material composition, (3) aging the base peptized acidic metal oxide containing slurry
at a sufficient temperature and for a sufficient time to permit complete peptization of

the acidic metal oxide in the slurry, (4) adding to the peptized slurry an oxygen

storage metal salt in an amount sufficient to provide at least 0.1 weight percent of at



| east 1.0 weight percent, preferably at least 25 wt %
nost preferably at least 50 wt % , of the peptized
wa@eoodiog74n®et al oxide in the final conposition, BPOTUS2003/033477
having from about 10 to abdut 30, preferably, 20 to
about 25, weight percent solids, and (ii) adding to
the slurry an alkali base, e.g. sodi um hydroxi de,
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the acidic netal oxide contained 1n the slurry wll
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salt,ieke nitfInd, Ichh)alldbycarlidmetes Sﬁcﬁhllfale‘é;lsams Ii(ﬁﬁl&l cdmpléb&-s dandithdRke,
. added in stabilizing ampunts to the peptized acidic
in %?@Purﬁﬁg‘&l%mﬁﬁ%#@ 3 lspsidh 1 partsipgr avkh@nwf nabla mad,
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oxi de contalnlng urry tization o
thampuicgnamdtpmhlabe@ tdecrusvenglailesae. |gdtypidally i sbouc MEC ta 250°C
sui table acid, e.g. hydrochloric acid, formc acid,
forio40uUti g, citric acid, sulfuric acid, phosphoric

(06 @onﬁb%@ihbﬁs ﬁcdcgoﬁﬁ‘r@et\&hﬁl thk Krentish AAYSE ubdd Jsrbeco?rgioqérﬁ of

metal “oxide containing slurry in an anmount sufficient
a craskingpalatst ithan BEC precessetpatduss igdeplsasd redobedumitrogerhsipgies

thet"f%bt i{lﬁ%lﬂﬁ(’) ) B)%ﬁ II\?(B ae%lssqgrgsefn a pre?e?‘rédrza(rjrllbc %}rrelednt of the 11?\|1ent1fon,0the
compositions are used in the form of a separate particle additive which is circulated
along with the main cracking catalyst throughout the FCCU. Alternatively, the
compositions of the invention are included as an additional component of the cracking
catalyst to provide an integrated cracking/ NOy reduction catalyst system.

[0062] Where the invention composition is used as a separate additive particulate, (as
opposed to being integrated into the FCC catalyst particles themselves), the

composition is used in an amount of at least 0.01 wt % of the FCC catalyst inventory.



preferably fromO to about 20, nost preferably fromO
to 15. In general, the anount of acid used ranges
wo eammoataout 0.01 to 1.0, preferably from aboutPOr/052008033477
0.6, nole of acid per noldéof acidic netal oxide.
Thereafter the slurry is aged as herein described
above. [0059] In a preferred enbodi nent of the
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[0864]iSemewhet lprmﬂM the BGC atgessiioyaivesahe erackingohheayyi de

[ sul t sl ur
nsRpibgn ek bR MR B S b el ol s coei
camly%f escabhtiord ér@ﬁhﬁ@pﬂkeé‘s@vﬁlﬂa abdtingdluidigatgbéatdbyat clabling
slurry, (7) mlling the slurry to reduce the particle
catgl yspinyentopecapaisting af Rarielat avirer sire anging| fram gbaus 59 do about

) I C
LB e O o cbol ] GaBR20 TR Bullud B g B these
rehavelpyigh melaculpawtight leydsocarboaffeqgiswakerestlhanthd prqaaytion of a
referably from about 50to a 200. m nore _
h>’,§r RBF9Auet o dBEmolesglaf Helﬁgb%ﬁi‘f’é’ﬁ&lf%& steRsdp dheyclic
Fé¢?mcgslgqﬁlg 60 to 120 m (9) optionally drying the
dried particles at a sufficient tenperature and

f or (a) sufth¢ toed g catalyticafly craelmi/m aaltaytid @sckieg goneahormally a
bout 100%\t o_about 250C f .abouidgé% hours, and .

( 10)“58%1?r8? RIT 81)?5?5‘%”63‘.3 Yig crcking condifippy Ry ggfttacting

t enyeseki4h 8 séivde of Rét, &géﬁdrﬂb@%cﬁlhér@atﬁ stftgrp%duh,@ an effluent

correspondi ng netal oxides as describ her ei nabove.
| n tCREIPRBKIE cpicked products pidsiienental pst cohtemmg/@kmaod striphegble

bas%ygpotcgrrbo'ﬁli, conposition is

(i)  the effluent is discharged and separated, normally in one or more
cyclones, into a vapor phase rich in cracked product and a solids rich phase
comprising the spent catalyst;

(iii)  the vapor phase is removed as product and fractionated in the FCC
main column and its associated side columns to form gas and liquid cracking
products including gasoline;

(iv)  the spent catalyst is stripped, usually with steam, to remove occluded



prepared by sequentially perform ng steps (1) through

(10) herei nabove. [0060] Final conpositions in
wa@eaangamece wWith the invention are prepared byPCT/US2003/033477

i mpregnating the base matenral with an aqueous

solution of at |east one noble netal salt, e.g.

nitrate chl oride, carbonates and sulfates salts,

M Iy deREoRX B5m B8 dath§6t, hftdsGvhich !lhe@fhpfpﬁ@ Uihlyst is oxidatively
suff|C|ent to provide at least 0.1 parts per mllion
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cat %P@l’i sqgg'l 1Ie yﬁe&{owg? g@l&%ﬁg zgmedfot Qx%{:ll%ﬂ% S‘lﬁ"iheg }ﬂuﬁgles of

t he 1 npregna enove vo
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speci es thereby reducing total NO,, em ssions.
Hahile flénidethteptio Gravéintg yoith Ldddite GumhysisoMardehBekker, New York
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Al ternatively, onposi tions of the invention are
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almﬁfas)snd/mcsnldasmmds and fillseRacihskaaltictdyy The Y zeolite may be
particul ate, (as opposed to being integrated into the
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f st 0.01 wt % of the FCC
S‘dbﬁ‘ﬁ%%t‘oﬁ%%ﬁf“ggw59%65%217“3%7419 PCT/ US2003/ 033477
[0065] Atypfoal BOC yrodebses araxtontiuaéd dthreackion Gdiﬁﬂ)dﬂ;ituﬁb@@ﬁ@&(i)ﬁ ton
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kn6®hah WRtart, 'tHéVc%fhtl¥§E YegefiSrat P AR i }Rﬂgglgp(g% dﬁl‘ij@é bt ﬁﬁﬁple

COfT'pOSI tl ons of he 7 nvention ma
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% of the FCC catalyst particle. Preferably, the anmount
least 0.0 avti%,pagferahly from about 0.01 to about 50 wt %, most preferably from
about 0.1 to 20 wt % of the cracking catalyst inventory.
[0067] In order to remove coke from the catalyst, oxygen or air is added to the
regeneration zone. This is performed by a suitable sparging device in the bottom of
the regeneration zone, or if desired, additional oxygen is added to the dilute phase of
the regeneration zone. In the present invention an under-stoichiometric quantity of

oxygen is provided to operate the regeneration zone in a partial or incomplete

combustion mode.



conpositions used ranges from about 0.01 to about 50
w % nost preferably from about 0.1 to about 20 wt
woO®ooafoztshe FCC catal yst particles. [0064] Sonerimius2003/033477
briefly, the FCC process insolves the cracking of
heavy hydrocarbon feedstocks to |ighter products by
contact of the feedstock in a cyclic catalyst
[0063] ThE PR @f BHeaOkipositiBhOmeREordhid2 vAtiCthe ¢ileatibMBuring the
fluidizable catal ytic cracking catalyst inventory
catgbysiegenciyionfstapadramaticadl y edriceythe esiissions ghgasdiase wauced
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phase is renpved as product and fractionated in the
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as Wetramainderof thospeeifioutoroetdriagth 3O caPédifidnsdikd molar or by
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volymedinless otsryise seecHiedped catal yst is oxidatively
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Habi b, Fluid Catalytic Cracking wth Zeolite

Cat al ysts, Marcel Dekker, New York 1979, |SBN
w028343746870- 1 as wel |l as in nunmerous ot her SOPCT®S2003/033477

such as Sadeghbeigi, Fluid9Catalytic Cracking

Handbook, @ulf Publ. Co. Houston, 1995, | SBN 0-88415-

290-1. Typically, the FCC catal ysts consist of a

bi nder, usually silica, EXAMPILES or silica alumna, a

Y type zeolite acid site active conponent, one or nore

matrix alumnas and/or silica alumnas, and fillers
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_ As it is well known in'the art, the catal yst
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i nvention used may vary depending on the specific FCC
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ase I h"the flue gas of
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fromthe catalyst, oxygen or air is added to the
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[0074] The ability of compositions of the invention to convert NO, in a FCCU
regenerator operated in a partial or incomplete burn mode was determined in the RTU
by measuring the activity of the composition to catalyze the reaction of NO, with CO.
The key performance measurement in this test is the NOy conversion. It is desirable

to have high NOy conversion to nitrogen for a wide range of O, amounts.



reduced nitrogen species fromthe effluent of the FCCU
regenerator, significant reduction of NO , em ssions

wo canamostago CO boil er is achieved. In sone casespC™NMES2003/033477
reduction up to 90 %is readily achievable using the
conpositions and nethod of the invention. [0069] To
further illustrate the present invention and the
advant ages thereof, the follow ng specific exanples
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Condi tions," Designing Transportation Fuels fo

a
153 pawnss GErperimmreaghanate gysals gabiainpd Sroam malfRPONh’éﬂh Inc., 96%

Cfgg%fl 3 Bfﬁg#% T{i‘ééLtBF %E%ﬁ&‘e%ht% 'the 9a?1§ anll %61}!05&%8 d&gxggter were

escrlp ion“Trs herern I ncor
adbi&d &/ 1BOERK to reduce the solid content of the slurry to 20 wt%.

[0077] The mixture was milled in a Draiswerke horizontal media mill of ca. 12L
working volume, filled to about 80% of the volume with 1.2 mm diameter glass
beads. The slurry was pumped at a rate of about 2.3 liters per minute. This milling
reduced the average particle size of the materials contained in the slurry to less than
10 microns.

[0078] The milled slurry was fed to a 10 ft. diameter Bowen Engineering spray drier
fitted with a rotary atomizer. The spray drier was operated at 315 °C inlet air

temperature and 138 °C outlet air temperature. The slurry feed rate was used to



[0073] The nodel reaction for determining the ability

of the conpositions of the invention to reduce gas
w@bagmesTseduced nitrogen speci es w thout converPCTYS2008033477

species to NO,, in the RTQiwas the reaction of NH3

over a cracking catalyst inventory containing the

additive tested in the presence of CO and vari ous
coRfBIUAE Suldt AhPtermpBratirdl TheXxoafibiie pectildd the Moafi R twastadfusted

gas Bhase reduced nitrogen species, and CO and 02
unfibp 58%eqitthe ProdugtiTaiErsalaTes were setaingd ex p &0, 20Q sergerl. cal | y

[ [ r. : rati ' i.al

(0 e B SrtuTe bl o TORRE' RO i B0 bt B BE e
fov2hbersat 60T Oglyceniodglr magriabweal Ioadetsinteaeti trago heto obctiain a

encountered fromregenerator tq regenerator or inside
thiptigyes fné relyet ERUADYSE O bR DBROWI I B The key

o b . . e .

(O S RPRIY pLRiqui e SRS TRhed SrFEL] CanhBEMA iver
anfli@pray¢d witly a afjgecius soletipr abdodiunh edrborage toatbtan about\s&s Biaghin

i s _| pw ossible for the w dest range of 02
o i, el 25iod pBsol Hoseapacisteddist I iy the Wacer pore
vORDHPERhé 'F@mer.ofhé h8prk S4Bt thBri 41 Qv R AR it alNGHen! 48 120 RECU
regenerator operated in a partial or inconplete burn

ovamaght wad caleined far 2dwwursat A2 "®TDhe fyalrpompositiay hadithe following

ct.ivi f, th 0 shi i tal xz eacti on

an 5 A A Sy B Fndedhet Midhent i n
this test is the NOx conversion. It is desirable to
have hi gh NOx conversi gaxA®Mplig 2 ogen for a w de range
of 02 ampbunts. WO 2004/037419 PCT/ US2003/033477 20
[0075] Gas phase reduced nitrogen species are

u s . for re [ v a.after it is forned,. The
b5} 30060 SHupbC Pt PoREBE nBimenbanbregiren N R apyE 278
poliidsSofMe&ed1i700 althing poSideti{obaedUsdl [GRBYIRY Iddgrikdanc., 99%

reduced njtraogen gge0|es to nol ecul ar nitrogen was

Alefdr, SO RIUES) Witth 3tiPPwisioh Wakes aRIPgm Keapgeatiiin ¢ weil agifated
tarfi"WRR GRS zfﬁpo&%@m%aqwm hwp%xmet 1S wid Sowly added to
vari ous evel's, sinulating € reduci ng/oxrdr 2t ng
thedndy tnd e mpowsividdseaged far 2Zepanessait @oom pahpdratiee. | At the end
arti al is sji.rable in this experinent to

of G eyRFIaﬁ?ﬁf %@%ﬁ%@f & v gilispieseEnn (B p 16 é%eP)
o 30 ARG S Y5 SR NS
watgtvess added tchtie slureete bringttbel s¢lols 38ne@ntrashtid 12%] The biyaterial
w%%?l%% r[%ﬁ%/a{yscfr??déga}fi E%%r‘%ﬁsu%ﬁ}gj%é mgtfhox\s/ c%:scr%eadc i% I:%(ample 1. The
final composition had the following analysis: 67.4% Al,0;, 4.3% SiO;, 22.9% CeO,,
0.9% La;0; and 4.5% Na,O.

EXAMPLE 3

[0082] An aqueous solution was prepared consisting of 3 pounds of Lignosite-823
surfactant (obtained from Georgia-Pacific West, Inc.) in 180 pounds of water at room
temperature. Twenty six pounds of Versal-700 alumina powder (obtained from

LaRoche Industries, Inc., 99% Al,03, 30% moisture) and 29.3 pounds of an aqueous



silica-al um na powder contained 6% Si 02 , 94% A1203

and had a noisture content of 33%) The slurry was
w@r@pasEW i N a steamjacketed stainless steel PemkS2003/033477

fitted with an electric pedered agitator. Six pounds

of an aqueous hydrochloric acid solution (35% HC1)

and 6.7 pounds of an aqueous al um num chl or ohydr ol
foaRic Weidogdl (A% AG20B)0,)Weére aadkiie® the Lidisié bolagord| THE Blarry

slurry. The m xture was heated to 55 C and allowed to
waggdlogied e jage farmjfominuliesewith comimious 88ilgtion andrihembid peunds of

t ' . Of

celqg}n %%oglgtreb&%t@e \%f!r?g Ss?)@ﬁg %?g%f\g/itﬁeég?rrﬁlg%g ggtéo%. The slurry
wdgomﬂlem@prdymed aﬁﬁ%lcﬁe&s d&stibalid Exabple absieur e) was

adde% to ,thg tank and 30 pounds_of water were added
[00%5]The cplgird pepdugiaseopdrel 1aten anEinehh metRr 8¢ sprR¥edYith py
o oo RIS RR R 495 0L 4R SPPANE, Toe
impaiguated nfartdriaéwas drigthiouan Befmof20 ﬂﬁiéovzm@hrtmnvlncalmnbd:{omn

ne i S B iR Bl defn S0 PR u
solliigh @%@%oﬁ@ﬁﬂlhgb@%mm ablded m@rdgadna cﬁraml%ﬁged
in the slurr ess than 10 m crons.

demnueémExmply lwhevd.ed to a 10 ft. di ameter Bovven
Engi neering spray drier fitted with a rotary

atom zer. The spray driger erated at 315 Cinlet
air tenperature and 13@(@%&@0& air tenperature. The
slurry feed rate was used to WO 2004/ 037419
B N e RAE S
foruiie pedpachtiotl bfalNO csﬂﬁﬁngflom hEthBlimd:uﬁdjn m\csrwqp\luﬁlﬁspamt e
retai ned on a .. 200 screen, The spray dried

fromm ap agieoph vy aa\élag PA%csolignpia Efﬁlzghl% éllurrtmaag/\éer% d0Beat
alJntu‘ﬁQ#y efr Bbtathel? WLQko@?@In@ust% e@@‘%%g@%%@% Abisture).
was thin [ayer

In eac raysoastooténa
Tt(e-a'ldnflma Bkukr)y Vees mmamwmngihl 6 tbs of dictabuminfa. dacthe aluayna slurry

80 Aonethlrd f th erial was.then
3hBF gha wBSis e PR sehsen CoRNE0HD e dged et
102018 @ﬂ@erﬁl@ﬂ EHrb STt Odry SO GBThinAd ReRatifonk %ﬁféhé" 3 abeuaice0,,

5% Na20 in the final product. The amount of sof ution

4%ke2@d JSQ%t reeistvee) was adsledodhe ﬁerrWabe¢ slpuwevasxzhipmden ofith a
mat er |

sl B0 or Whes PARGIE e abt Rl BE e Lol
Fifelly, 38 Thoffek ftting€siResidl opNaktad 146 obtAthéPbMNalco

Cl'ie%gl ,S(Ijg%)w%ggdzy(;?d to %&Sslur:?y 9%esrln?x2ture %v?;s %?tgee:dotzo as:slg/ge good
mixing and then milled in a stirred media mill to reduce agglomerates to substantially
less than 10 microns. The milled mixture was then spray dried as described in
Example 1 to form approximately 70 micron microspheres and thereafter calcined at
approximately 650 °C to remove volatiles. The resulting material had the following
analysis: 2.3% total volatiles, and approximately 4.5% SiO,, 5% Nay0, 16.8% CeO,

and 73% Al,O3, and BET surface area of 140 m2/g.



EXAMPLE 2 [0081] An aqueous slurry of peptizable

al um na was prepared by conbining 27.8 pounds of
wesaB74790 al um na powder (obtai ned from LaRoROEUS2003/033477

I ndustries, Inc., 99% A12@3, 30% noisture) with 52

pounds of water at roomtenperature in a well agitated

tank. Wiile m xing, 2.7 pounds of a sodi um hydroxi de

solution were slowy adeedMm@.ES§he slurry and the
m xture was aged for 20 m nutes at roomtenperature.
At the end of the age period, 4.5 pounds of a sodium

ot E @S Rlohy WA, RAp predfr i PECRBEE wifiR ity

in®dnubh Ysinfd Has© paterialpe pareVasE aohaisiel 41 8008 @f Helaky ma@rial
bring the solids concentration to 12% The material .
wagdackl i ayincipgdReaksrionp meehapigRIORIQT- s PRENYIA SMRESEAYIND

) . T iy d '
soffPf tla? Bpaih B Rk ipg oy 171 g7 ) oA PRP Bl g b
dilGeiBRside ©1@96n @79% B dndidBOGrEaREh DEXAMPLE] Qg 0682T hdbase
TR e B R A SRR
sofe@8h HrBagta& il mid€srhy nb{hqe dystdin. 18R @Wﬂﬂﬁegﬁfateﬁ%aﬂo méferial

room tenperature. Twenty six pounds of Versal-7
wag|daieil irnapovaeat 120 € avergdglitr dire drigRoakeeasid st formof large

Inc.., ,99%.A1203 0% i St d .3 d
chl g o A P CRbR oo AR BT for
twd Gb0rs36 dedoniosé e A0 réRibee asldelds.t Dhd fé@ulhh% RfarfaP
solution. The sl urré was allowed to age for 1

CORRINGHEE T00t Mo Qo A% Sifdes S FgNE, 11618 %R0t HAAPIR B sushind 2
Bﬁsur&géia%gwo?%%)g{z&t_e crystals were slowy added with
a

conti nuous agi iIon. The slurry was mlled, spray

dried and cal cined as described in Exanple 1 above.

[ 0083] The cal ci ned praoduct was | oaded into an Eirich

ni xer and sprayed wi t h BXANHRIdo®s sol ution of sodium

silicate containing 9.2% Si 02 and 1.92% Na20. The

i npregnated nmaterial was dried in an oven at 120 C
[0686¢ Ancagiposiivd, Addicive Bdwhe preparetl dniboatanéd itkotheTpresent

385 PSS ST RS RSl
wa{é;;&ell\c/gaﬁ Eﬁﬂ'ﬁin@ﬁﬂléﬂi BehRG oS meaRichingthid AR ©h Jo18RGY Ras
prepared by diluting 1.0098g of an aqueous rhodium nitrate salt solution (10% Rh) to
77.48 g of DI water. The base material was then impregnated by gradually spraying
with 60g of the dilute Rh solution through an air mist spray nozzle system. The wet
impregnated material was dried in an oven at 120 °C overnight. The dried cake was
in the form of large chunks and was first ground in a blender and screened before
calcining at 650 °C for two hours to decompose the nitrates and remove volatiles.

The resulting material contained: 73.2 % Al,04, 4.5% SiO,, 5.1% Na,0, 17.5%
Ce0,, 1005 ppm Rh and had a BET surface area of 127 m?/g.



[0084] A mcrospheriodal particulate support materi al

was prepared as a base material for the preparation
wob00a/0bi@19 conposition of the invention. A sl upPCTUSE®3/033477

prepared from an aqueous gkurry having 20% sol i ds of

a peptizable alum na (Versal 700 al um na prowder

obtai ned fromLa Roche Industries Inc., 99% A1203, 30%

noi sture). The al um nge3AMPIE yas prepared using 31.6
| bs of the alum na. To the alumna slurry 3.87 Ibs of
an aqueous sodi um hydroxi de sol ution (50% NaOH) was

d , | of cerium rb .crystals
1o K amitfuion, ARNTINE RDWES pieBhiell T SXOBBAA FiB Wy Bich
inVend OB usihg Uertabs ndfeeihl pvagaredl ek dntplé Ae 88.0yr df\the B43€ material

sl uer_vvas, diluted in wth a sufficient anmount of
waglased froarincliged; heaker onjagaechgnisalforaar dhmgstex Rl selpiipn yas

% o Einal o

ey R 003 P 5y o BURADNEL L o0 R o

T7added Dlowatke A furthey diliien waxpraparedby rangoviag £.83¢ of the

Py pEfgene dliPo aey addles Povatssen i il e e 26 bast

mdtd1pi who tHEnGEBRSEnatth By %}Aduﬁfnﬁ%gﬂrﬁil%% @vit\m%tom% 1afér#;lute Rh
d Exanpl’e 1 To for

ried as described in approxi mately
solpOomthseugh an air mésy kpnap sozalelsyistear. e Biia wet iopregnaeed nadterial was

.appr oxi mat el 0 Ctagr ve yolatiles. The resultin
g P arenaR a2 FE ov e s TH Gar Py was T i offae ks
and Yagtitdt $oundRel a BRAUSINIRERENed? TRYUSEPake %?f?lﬂﬁlﬁ%%~ 11900 Ig)%l

Ce2 and 73 1 e/ g.

% A1203, and BET surface area o
Rhwprs2g) aee 06 24 i@ lirGT h¢dR@0e B4 oBtinical fRBatedxXMpLaEnEm] 0085]

. A conposition, Additive A was pre i p_accordance

imGyeE ROl B s Bromtah s R RO R a5, el PR G 6 um

tetRinGRQBRYdioRi dsaiioft (22,792 Pebandfdifufifg RARDIRASEF toaloog &8,
placed in an inclined beaker on a nechanical rotator.

50 0ppad pelution wps tgn ampiganatebpnie itherdngglshpdiemegonthinipg powder

[ ghi . 1715 f | at i fet '
by SRS D aiheTiiduth frP8sBRY Foue Pl cify iR fea
matE £ fvab arid@ Qan Gledlat 170 BasRighiTBTIRY drRld MRS whiiBNthe form of
i npregnated by gradual ly spraying with 50g of the

large phinks ppd waplicst gewnd fir o blghderrand isereeriedtbedaye agicimingAt 650

o~SYStem The wet inpregnated base materi.al s dried

CHI IR s 04 qpote Bomirales gnd el Valais. deeespling; o

mdtdtfal EoHthned: 1289 GeA1,0DUNME% RO wes Nd,0516.99%,0048),, 00 pBm Rh,
bl ender and screenéd before calcining at 650 C for

355 ppmiTaLi Had «0BED sMo&e atda@rNBY hf¥es and renove
vol atiles. The resulting materi al

EXAMPLE 8

[0088] The activity of Additives A, B and C to reduce NHj; in an FCC unit regenerator
operating in partial burn or incomplete combustion was compared to the activity of
the cracking catalyst alone and a commercially available CO combustion promoter,
CP-3% (platinum on alumina) (sold by Grace Davison, a business unit of W.R. Grace
& Co.-Conn., Columbia, MD). The experiments were conducted by reacting in the

RTU reactor NH3 with CO at various levels of O,, simulating partial burn. After



cont ai ned: 72.5% A1203, 4.4% Si 2, 5% Na20O, 18.8%

Ce®2, 33lppm Pt and had a BET surface area of 135
WoRdog/03EXAVMPLE 6 [ 0086] A conposition, Additi veECBUSWa%033477

prepared in accordance witRRsthe present invention

using the base material prepared in Exanple 4. 80.0 ¢

of the base material was placed in an inclined beaker

caRhafiofiRs PHYuESdt 598t°8t Be-additivB$/a8 bleRed Al 045 % AV eldgth FCC
prepared by diluting 1.0098g of an aqueous rhodi um

cagal sk, athichshiidibeg deactigpied faod s at@167¢ ing flyidizeddped reactor
. t &k a i
P T B TR 44k WSS S PRERERBE T,

crdckingugtalyanaland, afd slie s ptimuym-bagd|GO symbestion phemavet Grace
I pr e nﬁ@g ed rrat%r,i al was dried in an oven at 120 C
Dayisop&ifght Or thr @dejiye/aragiing cafalyst blend weresgparatsty fed tqyhe RTU
i r [ I '
e AACHITR. G Bl ot RTDMBhRIE oERARERE O
cotfamimg dppaiaemahydo(Cepmy &N Hz05@00-5 509, ppnTOO, varmuk kimognts of O,

i Al tai. . 73.2 9% A1203, 4.5% S 02, . 1%
gt 4% 9 SR bl phBC iR Caken nDbE Due Bad Faiee
ex@luBie e O 20ntRAidg EW%@@ O 9800t 1 BoPeEMUTHRQ3¢ 3 3t/ récordéd
EXAMPLE 7 [ 0087] conposition, Additive C, was

in fHeplbanddFIOn 2delodr-dance with the present invention

| iAl ' | . ..80.
(o8 PR b PR i 2 Al EREACH anfl G TR et B2,

mi@imiding @At dge ventih g it® ton BraiBBloNO RNNG thét hitfogu@bxides

prepared by diluting 1.0098g of an aqueous rhodi um
(e-i» i\f%&t% h&zﬁ%tw%%ﬂﬁ?‘ﬁ% indigagingiihe ¢anversionayd N pfo mpplecular

nigSig Sy AgPiR BRE ! e PR gL ere L heiraR i aha e activity
of addlting [P,' B,WaH €T fokr ‘P@cﬁl@&gtmtl?ﬁndé? &t bukh @oRBEENs was far

mat eri al was then inpréegnated by gradually spraying
supdridn tdSBigt effthé benvieatidreal cotnbuktien Promeed, liké e dofineargiallan

air na:]?;g spray nozzle system The wet i npregnated
avaable CB-3was dried in an oven at 120 C over night.

The dried cake was in the formof |arge chunks and
was first ground in a blender and screened. The dried
cake containing -100 pdEXARPLES pl aced in an inclined
beaker on a nechanical rotator. A platinum

i mpregnation solution was prepared by wei ghi ng out

[0690?r Thé Qctﬁfitzﬁﬂ AARHPRYA, B Ald @ %Pre(ﬁ&ﬁr{%aﬂﬁg%dj IN®Y, r82eh e an
solution (22.79% Pt) and diluting with DI water to
FC@@lgitmgeaq:rator operating in partial burn or incomplete combustion was also
compared to the activity of the cracking catalyst alone and a commercially available

CO combustion promoter, CP-3°, using the reaction of NH with NOy under partial
burn conditions. The experiments were conducted as in example 8 except that the gas
mixture fed to the RTU reactor contained approximately 1000 ppm NH; and 500-550
ppm NO, as well as various amounts of oxygen with the balance nitrogen. The results
are recorded in FIG. 3 and FIG. 4 below.

[0091] As shown in FIG. 3 and FIG. 4, compositions of the invention, i.e. Additives

A, B and C, showed enhanced conversion of NH; and NOy to molecular nitrogen. No



50g of said solution was then inpregnated onto the
dried rhodi um contai ni ng powder by gradually spraying
w0 booaoghiian air m st spray nozzle system The BeTr/US2003/033477
i mpregnated nmaterial was dsied in an oven at 120 C
overni ght. The dried cake was in the formof |arge
chunks and was first ground in a bl ender and screened
otR@hf e okidesilke NJO H5Q0, (i detet¥ed Bt Sthe dgrAmeRse
the nitrates and remove vol atiles. The resul ting
indiadtarg thd caowatsannddNHy . holécuddidiBogeh. 3% Si 2, 5. 1%
Na20, 16.9% Ce®2, 90 ppm Rh, 355 ppm Pt, and had a
BET surface area or 134 n2/g. EXAMPLE 8 [0088] The
activity of Additives AxOvpng @ to reduce NH3 in an
FCC unit regenerator operating in partial bum or
i nconpl ete conbustion was conpared to the activity of

rackl C l. yst on nd .a rciall .
1008 16 BFE BEb AR A B B8 EeeBoc R R im i
or moaipm Bé@h KGO dvab)éoﬁpa&s i SQRe c@ciaugrlcﬁt@@%t MBhd arff a

WR Gace & Co.-Conn., Colunbia,
coemq:laldnemaslawgr plat;mndtq:omamlmg/cqmiwtwmgromotmhéP -3¥rby
reacto CO at. rious
S Ry i RN PR BpBasasytrozen in the
prededde PN 3( QidAd Teve R Df ©RYgenn athe ‘éfd dritherds WeKIcondbct&PR in
C, the additive was_ bl ended at O. %Ievel w th FCC
Examplg §etcepiihnicthe Basdfepd Ehthél Eafetor Was adnikwre 2oniining S400-5500

t
oo O RGBSR b AR AR S 8 e
bapaa&@hm%gen TR re@lIRGH REokRd # VRY. salefie, and the
| at i num based CO conbusti on pronoter Grace Davison

[0@92] 3{6) S ghow thet Additivés/a/ B and Ki ang veratesllegtite fot eordengaNO,

a ot RTU . reacto erati at. 700 C.
undERREEH Bl coRfitoRn e T e alsd 3 e BE e Sl 3y
préfsteAhtNoW Je @RS OKly BB @hyilB88 phidial Bia, MQerﬁﬁ@&gaaRmaes

CO, various amounts of 02 added as 4% 02 in N2, with

like N2 Cherl N@g wersedaigstedh t r ogen. The total gas feed rate
excl uding the 02 containing gas feed was 1000- 1100
sccm The results are recorded in FIG 1 and FIG 2
bel ow. [0089] As shown in FIGS. 1 and 2, Additives A,
B and C are very effective in mnimzing NH3 and
preventing its conversion to NOR No other nitrogen
oxides (e.g., NO2 or N20O were detected, indicating
t he conversion of NH3 to nol ecul ar nitrogen.
Additives B and C are the nost effective of the three
additives. The activity



of additives A, B, and C for reduci ng NH3 under

partial burn conditions was far superior to that of
w0 b@4osTavent i onal conbusti on pronoter, |ike theCT/US2003/033477

commercially available CP@er)-3. EXAMPLE 9 [0090] The

activity of Additives A, B and C for reducing NH3 and

NOX present in an FCC unit regenerator operating in
wHBar iIsstLRAWBDAS: | nconpl et e conbusti on was al so

conpared to the activity of the cracking catal yst

al one and a conmer ci aI |y avail able CO conbustion

L pro -

nde%? h’%g’l’rfl ngeqjg con %Jlagr?g%%%ﬁQ%&é?%%g%ge%{

wieoofchncdcidic artal bxiek arhﬁxiheco&taempﬁtaﬁtmny rtomeo@taS(b) At dehdt 1065
fed to the RTU reactor contai ned approxi mately 1000
Wi amStah AP aseed sSHe mssihonde, a%thmrqupégnvw&ﬂf@lkah metal,
I
TR Pirdh AP RNIRNILS RelcBE RGN ool LAY of S yveen
storgfedhi¢talisxidhaonmmpanentfselScted feomal thiel gﬁ)upﬁlconsrsnng)m d)xygeﬁ sofage
the inventio e. Additives a
rarl A AR OIS TSP REHONES VRl R Relh O B g iures thereof
saiQirhtRELELmPMRIMO 2004/ 037419 PCT/ US2003/ 033477 26

ot her nitrogen oxides, |ike N20 or NO2, were detected
dur i h};pmm aes)qgemus@hm conanging ﬁlorm@ouhéO woabeut 30 weight

pefier 5T S Pt Rouk e B8R RE DRl el H e

thd groap comistinglof Bt hlRali &etd] NECNRdIRE R af i tdf 6 ki@ fes thereof in
conpared to that of the cracking cat a!ﬁ){st al one and a

an @peRBat Biffagient-ta pedvidestt dcastd). d ergvinpers entail kalinpetelome(os alkatine
measuring the activity of the
ea%mﬁ%{thet@@ag&}a OSR'K]&X to nolecular nitrogen in the

pr egiNoexing thePeptizedatidmelabuxtis c@ftalﬁbhggﬁﬁry wile an oxygen
experi ments were conducted as in nPIe 8 .except
Stotr‘?’g&tm?tﬁlesaija’é‘ nAMmpunphsutigientdy pr ‘b‘i‘d‘?/\ﬁs],e Ol Wyeight p“'rc‘mt of an

O e e RO LA oo R BRI e P

mataltis sgjemed ffore thegrolp sonslsemg ©f on deypenstdrags. rafe daeth anetal, an
0092] FIG 5 show that Additives A B and C are very
OX ENRL fpgﬁ‘etr?rzﬂthpdﬂq}glr RGeS theledls " partial burn
congif 'oﬁf’@nall;hﬁiﬂlr@'  thd ﬁﬁn?‘ﬂﬁ 8d&fibRA hbMR h&@ModifEsource in
conmbustion pronoter at | ow |l evels of oxygen
an gimeyhbsuffigjepde prayidemtotal of\at leash é0 wiightpgeenioofi adadic metal

oxide in the final composition;

(iv) milling the resulting slurry to reduce the particle size of the solids
contained in the slurry to 10 microns or less;

(v) spray-drying the milled slurry to obtain particles having a mean particle
size of greater than 45 um; and

(vi) calcining the spray-dried particles at a sufficient temperature and for a
sufficient time to form the corresponding metal oxide and provide a metal oxide

composition comprising components (a) — (c).

2. The method of claim 1 wherein the acidic metal oxide containing slurry is

prepared by (1) forming an aqueous slurry containing a sufficient amount of an acidic



i ke N20 or NO2 were detected. WO 2004/ 037419

PCT/ US2003/ 033477 27 WHAT IS CLAIMED IS: 1. A nethod
woboopngpayi ng a netal oxi de conposition conpriBCTYS1083/033477

at least 1 wt% of an aci di28 netal oxide which

contains substantially no zeolite; (b) at least 0.5

wt % of a netal, neasured as the netal oxide, of the
m&AAIVXRdCENSdi Sih i BEbs@ntiall KAd bedlied, 3 provaleladldaitel Raightipercent of

metal and m xtures thereof, and (c) at least 0.1 wt%
theypepsiged asidie metaliaxidega thasfingl compemtien spd by haxingdrem about

f ' | St t r
15 B4 A0, BB RRPLRL 075 QAR 48 SO ke rom
thexiodp comwidingiof bnhikali bhey eohilkalisadatthrbatdad mixresd tefeof, in
(1) preparing an aqueous slurry containing from about
an pgiqugt %ﬁef:m%e PRRfiZ5HRe agidic drsial axilej and P&f‘”‘ge Hdenst 9 ggveight
peftehflinfeallftdhs B il Bfhe, O MBARL e e R allali HRA IS bR Bine
rom the group consisting of an alkall netal, an
eaath keeltdl randaaxturentbt@bf, on theifitalica@spdsitameof in  an anount
sufficient to provide at least 0.5 weight percent
al kali metal and/or alkaline earth netal in the final
3. CONPRRIhdtREY of(dlhil MiwkbReh thB GciBRRhéBESkiACEHtdiniiB SRy is
oxi de containing slurry wth an oxygen storage netal
preparad by (1) fermamgamaqueods §letre pentainingrapuf ftrierd tamogaisef @@, dcidic

i gh ercent qgf a oxygen. st orage al, oxi.de in
Ay e R sl o i O RV Bt e gl Wi Rpeoent of
thé"Pdplilzed Scigie Ingedlekiderif Mhd firal 961RPEsiGE) Shid lsiung) Hvingfrom about
oxygen storage rare earth netal, an oxygen storage
10ttp aheyt 300¥ei g tpaTcentsolidiviand (Peasldingde aeiflic metpl gxide containing
sl dozﬁ?(!l lny n aqgcq}n?gufhgieﬂﬂ% p%ht%gert eﬁagﬁ%t‘&ﬂ %lc?el acl d! ¢

tal oxide source I'n an- amount sufficien 0 provide

a total of at least 1.0 weight percent of acidic netal

oxi inth inal conposjtion; (iv) mlling the
4y esgﬁlei'ﬂ‘i;}}‘%‘le ﬂffqlﬁm b 2@ dubereiRdhgereer serageeetgsaline
| [ ' 10 mcrons or |ess;
CO?@%]h‘gs%rt é%%%dr%gg%mﬂogﬁ‘?ﬁ%%%ﬁ%?%lt 0 obtain particles
having a nean particle size of greater than 45 m and

vi )..cal ¢jnjng.t.he, spray-dried particles at_ a )
5. Sut 1R masihod eSSt el e povedd Sarpge it G Tegtids pdected
frd;ng %@egr&ep EMsTsBRPONGNth, SRhA urR i@ odiull, Q¥ioRRing BBl
and mixtures thereof.

6. The method of claim 5 wherein the oxygen storage rare earth comprises
cerium.
7. The method of claim 4 wherein the oxygen storage metal salt comprises at

least one oxygen storage transition metal.

8. The method of claim 7 wherein the oxygen storage transition metal is selected
from the group consisting of vanadium, manganese, iron, nickel, copper, cobalt,
chromium, titanium, silver, molybdenum, niobium, gold, tungsten and mixtures

thereof.



conposition conprising conponents (a) - (c). 2. The

met hod of claim1 wherein the acidic netal oxide
w@ontasing slurry is prepared by (1) formnm ngp@mnus2003/033477

aqueous slurry containing adsufficient anount of an

aci dic WO 2004/ 037419 PCT/ US2003/ 033477 28 netal

oxi de containing substantially no zeolite, to provide

at least 1 weight percent of the peptized acidic

nmetal oxide ip the fin onposition, said slurry
9-haviHy metBed abelaim 1,1%0& %wa%rémtthe adusePyPEPtised aedic metal

xg@é éo%%lﬁg Gubr3had A hohiP2d !aeabahw gh&gé@en% al,lﬁﬁt ed

grodp consisting of an ase
al kal i ne earth base and n1xtures thereof in an

I e b L B i B S Tk

relie theplicle%iz8%o 5%m &r g8t al sel ected from al kal i _
metal, alkaline earth netal, and m xtures thereof, in

t he flnal conposi tion. 3. The met hod of claim1l

wher.gi n_t i,di c xi de cont slurry is
1 e oiednei ES St v wRErE S8 B B Porebiied Prvidls o
haselh ineah @BiticRIGPLEG fRfm abolAG0 € SbouBO@LnPXi de contai ni ng

substantially no zeolite, to provide at |east 1 weight

percent of the peptized acidic metal oxide in the

12f In he&ﬁ&@@&sbg élﬁ) ﬁ'} lfgbgrgﬁ HE (s#rah% cgﬂ%n%%snhg\gegéjﬁlsar{ %artlcle

snzimfdmn Bmiuabsm(aldﬁt ¢80 ning slurry an acid in an
anount sufficient to peptize the acidic netal oxide.
4. The method of claiml1l, 2 or 3 wherein the oxygen

135t OrAQEndRERbS ﬁﬁh‘le f&@&hé—@iﬂ_}ﬁéwh&?@ghgoééfa}gﬁelgﬁlaﬁcles are

storage rare earth netal

calgireddiam abmit 4R §Eno shaut 8@ °C dwreabearr thivtymirmkesits about 4 hours.
selected fromthe group consisting of cerium
samari um praseodym um europium terbium and

141 XUtHe§RethESEQhim @fuﬂﬂé?c&ﬁﬁﬂnkgr?% Rlef (B %ﬂﬂg‘@E Qligﬁrgtfgtea

oxygen storage rare earth co ses ceri
timgardgdmpéragira suffidienntorpeimit torepleseympptizatonraigee avidiametal
salt conprises at | east one oxygen storage transition
tal. 8. The nmethod of claim7 wherein the oxygen
storage transition netal is selected fromthe group

consi sti ng of vanad|un1‘nanganese, iron, nickel,
15eopﬂ8\e,mq§g%q>ftqlalrrb21wbmeumhe hsedn aupkals imeyad base.
nol ybdenum ni obi um gold, tungsten and m xtures

16.  The method of claim 15 wherein the alkali metal base is selected from the
group consisting of sodium hydroxide, potassium hydroxide, sodium aluminate, and
mixtures thereof.

17. The method of claim 2 wherein the base is sodium hydroxide.

18. The method of claim 2 wherein the base is an alkaline earth base.

19. The method of claim 18 wherein the alkaline earth base is selected from the

group consisting of magnesium hydroxide, calcium hydroxide and mixtures thereof.



t hereof. WD 2004/037419 PCT/US2003/033477 29 9. The
nmet hod of claiml1, 2 or 3 wherein the aqueous peptized
wa@eoodiog74n®et al  oxi de containing slurry has frorCEDS203/033477

20 to about 25 weight percemt solids. 10. The met hod

of claiml1, 2 or 3 wherein in step (iv) the slurry is
mlled to reduce the particle size to 5 Amor |ess.

11. The method of claim1l, 2 or 3 wherein in step (v)

the spray-dried particles have a nean particle size

200f fTFhamngthedof sleim 3 fupkaicompusing asEp (Thef agingbe peptized

CJ. . .N- -.dr.i . an
ok MRS AR APP L e B LTSl
compéetarpdpiaakif ofahabdiit, melalwxid®. wherein in step (vi) the

spray dried particles are calcined fromabout 400 C

to about 800 C for about thirty mnutes to about 4
2 lh Ourg, élcﬁ’?d Jmmm:é u'ﬂgreﬁ{ thé& laﬁl#)mlt?offaeird.tajaﬁéd ﬁ)gﬁp bligic et

step fég of aging the slurry tor a tine an _ _
oxidenpetaating dusyfrdnges m dboup@d hid abwotrpDende ppdid pat mole of

of the, aci,dic netal oxide. 15. The nethod of claim?2
aciifieMERhotIlE base is an alkali netal base. 16. The

nmet hod of claim 15 wherein the alkali netal base is

selected fromthe group consisting of sodium
22hy drldingishodoeft cdaimi Unmwherdinghé almours ef iacichadledhtoribg acidiamaktal

i xtures thereof...17. Th thod of ¢l aimz2 wherei.
onfAeSheS Ero et D 05 A9 B FE G e ol iafieh MO i,

2 wherein the base is an al kaline earth base. 19. The

met hod of claim 18 wherein the alkaline earth base is

23se| ddearethodph ddiem 3 yheigpn e aciH 4t selrstesk frora diiregipuprronsisting

o NP A A DU TRl
acie] aidnmiXturesrthéreof. conpri sing a step (3) of aging the

peptized acidic netal oxide containing slurry for a
time and at a tenperature sufficient to conplete

24PePiTHE B Rs G c1di ind} Eorfid Ho QN Heatingtnd BACHES MR
of (;q aim 3 er eIPﬁS ?ﬁ{e amount. dgf@a?:lgda g‘gg}ed 10 tcLe

oxatel mhrtcclesevigh at least one aqueous solution of a salt selected from the group
consisting of an alkali metal salt, an alkaline earth metal salt, or mixtures thereof, in
an amount sufficient to provide at least 0.5 weight percent alkali metal and/or alkaline

earth metal, measured as the metal oxide, in the final composition.

25.  The method of claim 24 wherein the salt is selected from the group consisting

of carbonates, bicarbonates, chlorides, nitrates, silicates and mixtures thereof.
26. The method of claim 24 wherein the salt is an alkali metal salt.
27.  The method of claim 26 wherein the alkali metal comprising the alkali metal

salt is selected from the group consisting of sodium, potassium, cesium, lithium and

mixtures thereof.



oxi de containing slurry ranges fromabout 0.01 to
about 1.0 nole of acid per nole of acidic netal
woz200d@37422. The met hod of claim 21 wherein thePemDRII3/033477
of acid added to the acididinetal oxide ranges from
about 0.05 to 0.6 nole of acid per nole of acidic
netal oxide. 23. The nethod of claim 3 wherein the
28aCi OrHeSEROES@Hmf TONhErBR tHE AUR GRAS cSipAgng e alkali metal
hydrochl oric acid, sul phuric acid, phosphorlc aci d,
salfig sodimyci d, forn1c acids, acetic acid and m xtures
t hereof. 24. The net hod of claim3 further conprising
(vii) treating the calcined nmetal oxide particles
290 t IThatmdtieebdf oddim BiowRearsis thobdlt is an alkalife saiht maal eat ed
fromthe group consisting of an alkali netal salt, an
al kaline earth netal salt, or mxtures thereof, in an
302Mo rﬁéﬂ{ni c@aﬁﬁl égjwl?é'rg tﬁ@ al?élu}eeéaa?ttn ikt cﬁ"fl‘xegﬁk?hne earth
percent a metal | and/or a ine eart
mataasll nseszblaamdtfmen et mbupedndisting of tmhgndsiung lcalcomp dmiitingn.
The net hod of claim?24 wherein the salt is
SUQ%T@EP%%”??%H*%W%@%?oup consisting of carbonates,
bi car bonates, chlorides, nitrates, silicates and
m Xt ures thereof. 26. The nmet hod of clai m 24 wherein
31t he A alethodof arepatikgh metrd baidesaimposi@dn cofhprisieg o dt lofst 1

26,.wh th risi
wiy B4R i TRl bRk M P b R PR () & teast 0.5
WtGOSEd Sibtal) Gnedburs® tHeltalsXi @s Sf the) r dﬂéﬁbtu'ngeétfulkﬁn ABdl,
m xtures thereof. WD 2004/ 03741 [ US2003/ 033477 31

alkagne qayth metahyl ixtwesiheeRf, apd é)ait h:aﬁtrﬂal Mt fea0fian payggn

i, Si | kal i 9
R S L
stoeagel hrereithlmesa#lokide3gh oxliyzen mtefg@draﬁﬁltlﬁh alefal 2Qideh@idahixtures
the alkaline earth netal of the al kaline earth netal

theggpfy said method cOBRTIFINGm t he group consi sting of
rragnﬁﬁﬂéggxiﬁg%\rp%@qh %ﬁgqumetal BRI Jok ures

t hereod preparing a-netal” oxi
cop@mpasort faoging drvpr aziun$0 (@jboat 30 pas«tnt];ohdrstd}rﬁi@bn@nsmg an

aci di ch cont aj ns ubstant al | o
a3 off v aets]ef st hicohs O Riogicra Tashar G ehipsicka o acidic
mdifexRtiA thopiAl8ompPdsifidte 9roup consisting of al kal i

netal, alkaline earth metal and m xtures thereof, and

(c) @1) aflding to the g_]uvw%sgfﬁ(aent@xyogetmf an alkali base and/or an
alkaline earth metal base to peptize the acidic metal oxide and provide at least 0.5
weight percent of alkali metal and/or alkaline earth metal, measured as the metal
oxide, in the final composition,

(3) aging the base peptized acidic metal oxide containing slurry at a sufficient
temperature and for a sufficient time to permit complete peptization of the acidic
metal oxide in the slurry,

(4) adding to the peptized acidic metal oxide slurry an oxygen storage metal
salt in an amount sufficient to provide at least 0.1 weight percent of at least one

oxygen storage metal oxide in the final composition,



storage netal oxide conponent selected fromthe group

consi sting of an oxygen storage rare earth netal
wo@z200d@3748M Ooxygen storage transition netal oxiPer/usmwd3/033477

m xtures thereof, said nmeBkhod conprising (1)

prepari ng an aqueous acidic netal oxide slurry having

a solid concentration ranging fromabout 10 to about

30 pfﬂ) ©ptidnatl9] dddsn B dhCABRY laf hilditi Gkl a@itRUNEtal0dxi @Cdlikee in

nmetal oxide sufficient to provide at |east 1 weight
angareuahtufBeicridp aravideypiotal obgi lgest il wveighs pericarf of acidic metal

| & .adding to the slurry a sufficient

Oxg&r%oqﬁﬁfé %‘#a?g?}mé@k%ﬁ’ base and/or an alkaline earth

met al6) diseng the papltingalurhewnk h dufficrent ahowntioll&vadstdo provide a

yrovide at. least 0.5 weight percent of alkali netal
soldgasreniyakign Pa%b%‘éﬁt“hz?r@’(t%ﬂ? theiral BWHYas t he met al

oxi den iifi . L . ' _

pept| ot QUi FAURARE biile hatlor B kel chtified in
thesslfifry 60 Ehmicrorsnpdesat ure and for a sufficient tinme to

permJt conplete peptization of the acidic. nmetal oxi.de

o leh sSRrne PRyt Sbin Bagtrsaiings Beer ELGE
siZOf GReakdr Wan¥453ImOoXygen storage netal salt in an

amount sufficient to provide at |east 0.1 weight

per d&ndryifg the spraadticdpaticlox giperuiitientageperatued anobfoda i n
S f;he ft'.nal conpaOsi Eiugn, WO 2004/ 037419

UBEIUEBR I F 3E7P32  (5) optionally, adding to the

sl unoycaddiniag eiet drivddlartaddsdit @ siffcaint RFipdfats@whg Sor siffickéht
_amount sufficient to provide a total of at |least 1
tinjgetofRm Hercoarspogflinganatploxigas and provideer mptal g Fergposition

RASI.L ] diluting the resulting slurry with a

co%@??@gicéllﬁlgggeﬁésﬁ@ @31‘ water to provide a solids

concentration of about 5 to 25 W% in the final

slurry, (7). milling the slurry to reduce the particle
s zd mat Shebair 3 wheremy m)ilai qoRCeniiion p the geidie mefal
oxileoRfAmhi slhﬁ'?%omél%e_ EohA%ad0' 1095 WieeHT% bEGe Sty Y tO

obtain particles having a nean partlc%e size o

greater than 45 m (9) drying the spray-dried

artj.cles a sufficjent tenperatur d for a
330t GO of i 1 Shvge GEPRE 1y saikabise.

34.  The method of claim 33 wherein the alkali base is selected from the group
consisting of sodium hydroxide, potassium hydroxide, sodium aluminate and mixtures

thereof.
35. The method of claim 33 wherein the base is an alkaline earth metal base.
36. The method of claim 35 wherein the alkaline earth metal base is selected from

the group consisting of magnesium hydroxide, calcium hydroxide and mixtures -

thereof.



(10) calcining the dried particles at a sufficient

tenperature and for sufficient tinme to formthe
waeosmespendi ng netal oxi des and provide a nmet abCDYSTIO3/033477

conposition conprising cosponents (a)-(c). 32. The

met hod of claim 31 wherein the solid concentration of

the acidic netal oxide containing slurry conprise

37f r omhebedtho 26X dlameHl Wﬂér@i'ﬁtthé’/ﬁéﬁtiz&@ gcigicuhétyl oxddd cohfining
met hod of claim31 wherein the base is an al kali base.

slugey is g rabaigdoem lePRsANERoRRer G fos ahpw A0imipgisetq apout
Mﬁ)%b@ct ed fromthe group consisting of sodium
ydr oxi de, potassi um hydroxi de, sodi um al um nate and
m xtures thereof. 35. The nethod of claim 33 wherein

the _base js al kalipe earth netal base. 36, The .
38net ﬂﬁﬂa regthed Gl cigtas? L asreining sevean REragsemeiaksalf crmpgpes at
leRPSR dx§ g8 b1BFle dark M mbflE group consisting of

magnesi um hydroxi de, cal ci um hydroxi de and m xtures
t hereof . WO 2004/ 037419 PCT/ US2003/ 033477 33 37. The

met hod of, cl ai m.3 rein the peptized acidjc tal
3901 ddeatbd] o TR 1 WhEine S5t RordBgaf cabmen i
sele&BW GOt HE @rdup c@hﬁbﬁrﬁ& cerilu@! saARRiim, PPasBbdYhiffh, E@opium,
about 4 hours. 38. e nmethod of claim3I wherein the
terpipgyand mixsuiggtheraefal salt conprises at | east one
oxygen storage rare earth nmetal. 39. The nethod of
cl ai m 38 wherein the oxygen storage rare earth netal
40i s Teneth®boffdlaim IMwh@eiaule 6:0yp8h Stord}p@ réfe ARA icUfprises
samari um praseodym um europium terbium and
CCTiRt ures thereof. 40. The nethod of claim 39 wherein
the oxygen storage rare earth conprises cerium 41
The nethod of claim 31 wherein the oxygen storage
41met dhe sidthodcafimbaiims3 whereinelsbdx ypor stoxapganetsltsalttagmprise at
| transition nmetal. 42. The nethod of claim4l wherein
AR EEhSIQTa8E HERSIHOmmERL i on metal is selected from
the group consisting of vanadi um mnanganese, iron,
nmetal , copper, cobalt, chromum titanium silver,
42| yibderatimd ofi cddiinubh whyoeid the erygst etoragedransition metal is

selected from the group consisting of vanadium, manganese, iron, metal, copper,
cobalt, chromium, titanium, silver, molybdenum, niobium, gold, tungsten and

mixtures thereof.

43.  The method of claim 31 wherein the slurry is milled in step (7) to reduce the

particle size to 5 um or less.

44.  The method of claim 31 wherein the spray dried particles in step (8) have a

mean particle size of from about 50 to about 200 um.

45.  The method of claim 44 wherein the spray dried particles have a mean particle

size of from about 60 to about 120 um.



m xtures thereof. 43. The nethod of claim 31 wherein
the slurry is mlled in step (7) to reduce the
WEa008084e si ze to 5 mor |ess. 44. The net hod BET/OEADING3477
31 wherein the spray dried3particles in step (8) have
a nean particle size of fromabout 50 to about 200
pm 45. The nethod of claim44 wherein the spray dried
46par tTHel ihghbBYECl AnBRRh&etthe bfray 8fig€paticles o calRaet i®Step
to about 120 m WD 2004/037419 PCT/ 2003/ 033477 34
(1@gronraboydORHd togbayt 800vCIer alnu Biiry frHRutetoaPowr4 kaprs.
particles are calcined in step (10) from about 400C
to about 800C for about thirty mnutes to about 4
47hourkhe mefhod bfeclaet ibah@dincsteyis (1 )34 10hae perforsiedaqichyially.
-(10) are perforned sequentially. 48. The nethod of
claim2 or 3 wherein the acidic netal oxide is
485€l e@ﬁ@ﬁle{hlbewcfanﬁ 2%@%&&9%&@&5&9 nfetal BRI e J@édl &
alum na, lanthana alum na, zirconia alumna an
thengnoup pen;smtth\groé efumidg silith elummhhdmtbinacdllanmmsmoahmradumma
he aci dj tal oxide is selected fromthe group
a"98H§ thae alunina, silica alunina, |anthana
alunlna zirconia alum na and m xtures thereof. 50.
The nethod of claim 48 wherein the acidic netal oxide
49i s alhgrmethodef @aim zﬂaWh%!‘ﬁimrthﬁ acidislnetalrm&idﬁeis nelgcted fromahen
ro cnll?n %alﬂ A% 1# Ege a hn aIS i Lyming, orlu i"e{gn%
& prrﬂﬁé ot allmita, it ], [Ah{ R afpind. Gireghis i
mideirél ther@df.al oxi de further conprl ses at |east one
stabilizing netal oxide. 53. The nethod of claim52
wherein the stabilizing netal oxide is selected from
50t %C%CQH(RI Sigﬂq%}nsig \Qgerg fn el %thl@ ’mé??ooq(}{dy i? aluﬁ%%ﬁl’ica
europl a, gadolinia and 'm xtur 6s her eof . . e
alumeinhod of claim1, 2 or 3 further conprising
contacting the calcined metal oxide conposition with
an aqueous solution of a salt conprising at |east one

51N SnetiEE & cldith ANwRKENhe §<H31@ 'n?étﬁer1JeCIs qu%hzg@r dfica

east 0.1 parts per mllion of
alumina.

52.  The method of claim 2 or 3 wherein the acidic metal oxide further comprises

at least one stabilizing metal oxide.

53.  The method of claim 52 wherein the stabilizing metal oxide is selected from
the group consisting of yttria, neodymia, samaria, europia, gadolinia and mixtures

thereof.

54. The method of claim 1, 2 or 3 further comprising contacting the calcined metal
oxide composition with an aqueous solution of a salt comprising at least one noble
metal in an amount sufficient to provide at least 0.1 parts per million of noble metal,

measured as metal, on the metal oxide composition.



measured as netal, on the netal oxide conposition. WO
2004/ 037419 PCT/ US2003/ 033477 35 55. The net hod of
w@b@insB19 f urt her conprising contacting the cabCr/msmo3/033477
nmetal oxi de conposition wid3sh an aqueous sol ution of a
salt conprising at | east one noble netal in an anmount
sufficient to provide at least 0.1 parts per mllion
5O THGRRod B Him FERSMELLHmFHS ﬂ?&cﬁkactl tHehﬁlc'f%H%etﬁ’P‘dx‘i’d’e
conposition. 56. The nethod of " claimb4 wherein t
cosmosltloo i aneagueus|selrsion oha sﬁbmrepnmgaat lea§te1>@:m®iie mptahnm
S|st|n irjdi
anrat% d;%[ lfp 01 r‘rtlr} I%row ztltq ar#) h Irﬁ?rlil an %@ex u{,ag rTEured
astoesleof theWetalUX&id‘&ﬁﬂ}Qﬁltl@fl. cl al m 56 wherein the at
| east one noble netal is selected from the group
consisting of platinum rhodium iridiumand m xtures
56, herﬂ%fmetﬁ(?d oﬂél%n{‘?zi QﬂgreﬂL ekl {Brﬁ& 1EAst 8£$ﬁotﬁé‘ﬁ$tal
conprises at |east one no cte rom the
seipeedpronothsi gséugtg)noi&timg aﬁplﬁtm‘am,gmllhchdmumdmmj ihbdim, osmium,
r hodi um osm um | niu rhenium and m xtures
ruthgaiugy fhenggn, ap énlﬁBF?Po‘gerGP -cl ai m 58 wherein the at
| east one noble netal is selected from the group
consi sting of platinum rhodium iridiumand m xtures
5% herBwefmetb@d of[tleirm&4 wbereof the htlicast 5de nhtdle eietal tihselecsddt from

ted f th t t
t Erog e e Bupiat @ PP b i etk feieBes anc

m xtures thereof. 61. The nethod of claimb55 wherein
the salt is selected fromthe group consisting of

5&i t rEneanethedploglpigesd whearehnothe sdscompriseaaideast ane neble metal
sef:e?{rﬁlfF \A%ggu n&on%n%ﬂ 8ttpgl tin%ﬁn;tpgﬁaz%%gge d?e rilhﬁlgghum osmium,

ruthe iR, Sifmiah, andenisturé@n@esb@bl i zi ng netal oxide. 63.
The net hod of claim62 wherein the stabilizing netal

oxide is selected from the group consisting of

S L mARREH A SERRE SR AL A SR A 3 from
th& grodip corlsieingeif pteinofn, codium,iridiunBdndwhixteesntheteef.oxygen

storage netal oxide salt further conprises at |east
one stabilizing netal oxide.

60.  The method of claim 54 wherein the salt is selected from the group consisting

of nitrates, chlorides, carbonates, sulfates, amines complexes and mixtures thereof.

61.  The method of claim 55 wherein the salt is selected from the group consisting

of nitrates, chlorides, carbonates, sulfates, amine complexes and mixtures thereof.

62. The method of claim 31 wherein the acidic metal oxide further comprises at

least one stablizing metal oxide.

63. The method of claim 62 wherein the stabilizing metal oxide is selected from
the group consisting of yttria, neodymia, samaria, europia, gadolinia and mixtures

thereof.



65. The nethod of claim64 wherein the stabilizing

nmetal oxide is selected from the group consisting of
wa@Rooaosi4ay | ant hana, neodym a, gadolinia, yttrPer/UuS2003/033477

scandia, hafnia, and m xtdses thereof.

64.  The method of claim 1 or 31 wherein the oxygen storage metal oxide salt

further comprises at least one stabilizing metal oxide.

65. The method of claim 64 wherein the stabilizing metal oxide is selected from

the group consisting of zirconia, lanthana, neodymia, gadolinia, yttria, scandia, hafnia,

and mixtures thereof.



