WD 02/ 070126 PCT/ US02/ 06397 TITLE ZI RCONl A CATALYSTS FOR NI TROUS OXI DE
ABATEMENT FI ELD OF THE | NVENTI ON The present invention relates to nethods
of producwo@2eatiad ysts 5 conprising zirconia and their u®eTIUSONIA3PDUS

oxi de abatenent. The catalysts have relatively high crush strength and
relatively | ow density when conpared to those catal ysts nade by previously
known net hods. TECHNI CAL BACKGROUND Zirconia i s not an easy support

material to fabricate. Unlike 10 al dlda- or silica-containi ng supports,
pure zirconi a exiROOGNIASCARKEYSTSAHEOR MITROYSIORIDEIASATEMENT nmake strong
W thout resorting to very hi | n' tures, which dramatically

reduces the surface area of rconi a extrudates usually
i ncl ude al um na TDhe prédemt iriventioh rre!udﬁshtermbttmds afrprothecing catalysds i s t abl et ed

they ar & chEpRYSIEE Zfeyl i HRlrifie R YaEs Be BAGRERECIMETEr 201 Oo
sections, acatalyltsyhaveyelativielyhighwsush gﬂﬂ@mgtb(ﬁf@sfeialﬂVQWdOWdJmS'tVap densities.
Dependi ng O\Whéﬁ'%on‘fp%ﬁél 21 g&n\ggaf‘dgéﬁygtﬁa médﬁl@spg/'deréﬁévéli) khB@mZméﬁféﬂ'sa support,

such as al um na l ef abl e. I's known that
smal | anounts of 20 haf ni umk ' in zi rconl um conpounds

and are general |Z|rcdlﬁé |san@lQaﬂCéé§\/ s§p>%tﬂ'€tn‘¥dﬂ@ném@lf@t$ﬁdat@3 Urminkégf ni ;Jml and .
zi r coni are very production_o re ed catal ysts an
t heir uﬁ) i Auming o‘?fss"'%(?%aﬁ‘ﬂ?;ﬁ N ﬁ ?“ﬁé\ﬁﬁon'%& g?tesqﬁvﬁener al, the
starting rraitrad:harhallysbee?ﬁdlﬂuﬁm tonnakeZst(r@hg withsutliesortogel vary bigh nor is it a
m xt ure of I her eof
enpl oyed. J%ﬁ%&@géggﬁ%ﬁ@re | ca fgoﬁa%(%ilgggg%%ﬁ aﬁl‘q—%)é}g%szm%es t he
use of Zr(@u;ppcuhdﬂaugwr@@wamtwates weuayrinclugde |a§1"ﬁ’t§.‘@@fcﬁ‘ i@ Qi xture of

particle Slgt?éwgaﬁemhémeorbmeeﬂc@ha is@hbletdd mfstew@réktﬁuareuon of the salt
solutlon 515, 006

(filed 1%/ 28¥Wm¥§§§@V8§8¥3% Pgﬁﬁnt398§P¥é6%b§&S1 W@p@(ﬁ e?p%rl\{% and their
subsequent prglacen bulkl; they lauieda wadbert choiod of ¢loeesections, anndltbeyan intrinsic

part of theg,@ ctaﬁghab ?’cg?ﬁ %dsmrreé Béﬁﬁhéggﬁﬁg%ﬁdﬂ\%toig{hh ctly

conpar abl e ports disc trous
oxide is a @a@amobgml%tnd lm@un@e%@ﬁ @mlrﬁgn@a“sipp@ﬁfdsugh as aymifdeduct of

adi pi ¢ and gji¢d idr il %mf@émrbe@ msem;wmr%t RERA érﬁbum@aifal ysts which
can decorrpogaefnll\lljzrg alrg taonol\rlr%wa?lmpgnty n‘r\] %xgonlgrr}]gcompounge and are generally
not a concern, since the chemistries of hafnium and zirconium are very
similar.
- The production of zirconia-based catalysts and their use in nitrous
oxide abatement is known. However, in general, the starting material is
25  ZrOo, not Zr(OH), as disclosed herein, noris it a mixture of particle sizes,
an acidic solution, or a combination thereof employed.

Japanese Patent Application 05168921A (7/2/1993) discloses the
use of Zr(OH), and a zirconium salt. No mention is made of a mixture of
particle sizes or of the beneficial effect of acid dilution of the salt solution.

30 Commonly owned U.S. Patent Application, Serial No. 515,006 (filed
2/29/00) discloses zirconia catalysts, including iron, and their subsequent
use in nitrous oxide abatement. However, iron is an intrinsic part of these
catalysts, and thus such preparations are not directly comparable to the
pure zirconia supports disclosed herein.

35 Nitrous oxide is a greenhouse and ozone-depleting gas, and is a
by-product of adipic and nitric acid manufacturing. There is a need for
catalysts which can decompose N-O into N, and O,, have long lifetimes,



WO 02/ 070126 PCT/ US02/ 06397 can survive high-tenperature excursions, are

| nexpensive, and are strong enough to resist breakage in handling and use.
SUMVARY GFOTDRIE701DVENTI ON Di scl osed is a process for maki ngCa/uspz/eci a

catal yst, conprising 5 the steps of: (a) preparing a paste conprising a
step selected fromthe group consisting of: (i) mxing zirconiun1hydroxide

with a sol U@é@evmezmgﬁqe%{p %thF@Efeurs%tseére ;ﬂeg@gwé riChdst rg\lg(' )

m xi ng relatyve FZe zirconi um atively
coar se parteml&fstoz@sﬁflb&ﬁﬁagﬂ'ﬁmnﬂkﬂﬂénﬁnl{% a solution of zirconyl

nitrate and water and (il S)Jmmmg{(};ﬂangww\ggmﬂr@qpart icle size zirconium
hydr oxi de and r I vel.y Coarse particle si.ze zirco m _hydroxide with a
T ol Ut ton of ZDISCIRA 1§ AHTREESS [BRrRAking AifcONH CASh COMRETIh. i n (1),
(ii), amd (iheistepdref:e may be one or nore additional sol vents added in
addition to wate f. 'c (a) paste;
(c) drying the S{dépfg%?ngé%@%t%gﬁﬁﬁﬂﬁg‘lgo Oépz%éﬁ((aét)reﬂc Ci n?ﬁ%q{ hhe' dried
step (c¢) shammlStp@mfncl e at a tenperature of at |least 400C. In the above

process one can opt )Otﬂ%ﬂ znf&ﬁl lﬂ%&h@?&indé’mh Eé‘lhtloﬁ%kgﬁé&ﬂ/l B"t%the group

consi sting of cobal nic rum pal | a Iridium” platinum
manganese, | ant hanu\fﬁa tesrRNE BitiqAide step (a) or to the 25 calcined step

(d) shaped particl &ji) hnxm@eelaw@lsefméqsaeﬁde@% ﬁmnﬁlrﬁ(hyaﬂi)dldméhdiy add at
step (a) one or

Ves S nsi sting of
bi nders, | ubricant sre?at?’ﬁg’o‘?%?e Baﬁﬁ P'@&Hﬁ?@'””&ﬁ&g \d%"f’@? i ng agents.
Furt her discl osed isolatiaradbtiginytoitrate andgvatér, @aodi a, prepared by the 30

teps of: (2) P ena o PASHYel Bl sBeSiRBnRE REASd 8 e, o oup

consisting of: (i) zircon ut|o zi rconyl
nitrate, water, anglative Qpaa&e@art%e §lze)21rﬁpmunghv@noatdiww|ﬂyaf|ne particle

ﬁi ze zi {jsconl um hydrﬁu% 6ﬂﬂrcdn?| ﬁ,’qﬂayeelvyatgpagr@qq@@rédlgl e size zi rconl um
ydroxi de Ww}wgre?n in (|)u(|||) 0annd iii) therct:aorrr]\aly brélcgnreatore m%rr]e a\g%ttlgrrwl solven%s
added in addition to water,;

(b) forming a shaped particle from the step (a) paste;

(c) drying the step (b) shaped particle; and

20 (d) calcining the dried step (c) shaped particle at a temperature of
at least 400°C.

in the above process one can optionally add at least one metal
selected from the group consisting of cobalt, nickel, rhodium, palladium,
iridium, platinum, manganese, lanthanum, and cerium to step (a) or to the

25 calcined step (d) shaped particle.

In the above process one can also optionally add at step (a) one or
more additives selected from the group consisting of binders, lubricants,
rheology control agents, and pore forming agents.

. Further disclosed is a catalyst comprising zirconia, prepared by the
30 stepsof:

(a) preparing a paste comprising a step selected from the group
consisting of:

(i) mixing zirconium hydroxide with a solution of zirconyl nitrate,
water, and nitric acid;

35 (i) mixing relatively fine particle size zirconium hydroxide and
relatively coarse particle size zirconium hydroxide with a
solution of zirconyl nitrate and water; and




WD 02/ 070126 PCT/ US02/06397 (iii) mxing relatively fine particle size
zirconi um hydroxide and relatively coarse particle size zirconium

hydr oxi deweaiozh7@260l uti on of zirconyl nitrate, water, andPartusozoaei d;
wherein, in (i), (ii), and (iii) there nay be one or nore additional
solvents 5 added in addition to water; (b) form ng a shaped particle from

the step (a) paste; . (c). dr e ste b) shaped rticl d
cal cining the dri ec("@t”é'ﬁ'"@d%laé'ﬁﬁlﬁg "F?Ié %zeaf-' \éﬁ%&ﬂé%&%aaa at I east
400C. 10I I'n lm‘vlkl ng r]gehﬁwa e r§@ﬁaﬂﬁ:|et s@eztmemoanhyacgbxrdeahttryialdd ath geast
one netal selected from 't si stin ni ckel , rhodium
pal | adi um i ridi umSHUan %Lﬁ’rﬁ% ﬁraﬁ'ﬂgesé(vate %{‘ﬁaﬂtﬁﬁ] Cé% ceriumto step (a)
or to the caheteirgdn $if,e(ii), (eohd (§ih) dipere may bedine. orimereabdditionalrgobeants on can
opti ona e or 15 nore additives selected fromthe

i SIFEN ARl e,

group c ders ubricants, rheolo?y control agents, and pore
form ng agents db} fatving ashapespadicle foermAhe Stewr (EHRSKSVENTI ON The pr esent

i nvention rel at 3@ d?}/)hg%é’rs Ts'h@PeQ atidd sitd ength, low density,

zirconia cataly rts sequent use in nltrous 20 oxi de
abatenent. A zi r(éé)rﬁaép'eb@grthﬁé’ﬂ'@dl%ekéﬁ?\ﬁgﬁpp PRANGIe BhadeBPeRtrag zi r coni um
hydroxi de with a sdtyésstqooPcwat er and zirconyl nitrate. Generally

speaki n there are hree enbodi mant“s of , t i nvention

whi ch et ai | chdﬁdﬁék'ﬁa??%ﬁgox%ﬁ%}?f’ﬁ 1991008 GrrpQrtionglly add at Seaﬁfa atively
fine (on thenenitsl selectedromm (HeHyrbuprabnsistiagiof ebpaltozicks, (odiurhe 25 or der

f 15 Z itrat
S0l uti on v Akt MM AISRGH, wEkbRHEN Tanthbatl ShkiNrBof I &EBY | L%
and 3) a co(mt)lonmthmcajf:lnw stenl(P)shapedgacticieed above. The process of this
i nvention also i 598 g6§iﬁoﬁfcaﬁrtﬁ)ti%al@bé made WhBksin DRkt ed from

conventional |iquid ven hat are 1 nert a text, of the
processl’of MREe Bﬁélﬁ'é‘h% selggtad frem tﬁﬁ@r‘é‘&%w@ﬁ'ﬁé‘?ﬂﬁ&a‘n ?"Sdmbrwantsevaporat i on)
and/ or by cesblsy comtlbgemtseahe ipord farming Bgests aroladeletisatistep (e wat er ;

al cohol s, such as net hanol, b A |I' ket ones, such as acetone
and 2- but anone; al dehydes, ut anal ; and aromatic

sol vents such asTh@brﬂawt invénbienrelates Mhemrewalienpﬁbig@r@fm@d sol vent .

The amount af, sQla gﬁlr&b?ﬁéj cém gﬁﬂg ért&ethgﬁ'%ru%sﬁéuér‘it%e(lﬁ)mtt&s?‘” arount

that provides a co "B&? g
nmechani &l | §xife ahateraent. OQ‘ZF‘PFH"ﬁz%t"Hda‘l?d? CPR¥ER) &BY PUNDGi n the

zirconium hydroxide with a solution of water and zirconyl nitrate.
Generally speaking, there are herein described three embodiments of the
invention which entail changes to this conventional process: 1) mixing
relatively fine (on the order of 1 um) Zr(OH)4 and relatively coarse (on the

25  order of 15 um) Zr(OH),4 with subsequent extrusion; 2) diluting a zirconyl
nitrate solution with about 10-16% nitric acid to achieve a “15% ZrO,"
solution; and 3) a combination of 1) and 2) as described above.

The process of this invention also includes the use of one or more
solvents selected from conventional liquid solvents that are inert in the

30 context of the process of the present invention and easily removed by
drying (evaporation) and/or by combustion during calcination. These
solvents include water; alcohols, such as methanol, ethanol and propanol;
ketones, such as acetone and 2-butanone; aldehydes, such as propanal
and butanal; and aromatic solvents such as toluene and benzene. Water

35 is the preferred solvent.

The amount of solvent used in preparing the paste of step (a) is an
amount that provides a consistency which allows for a shaped particle to
be mechanically formed out of the paste, but the amount of solvent in the

3



3 WD 02/070126 PCT/ US02/ 06397 paste should not nmake it so fluid as to fail
to hold its formor shape or becone sticky and aggl onerate with other
particl eswobgpiaaad | y, the total anmount of solvent in theprpadatse2oa9from
about 10%to about 40% by wei ght of the paste. 5 The paste of the present
process may al so contain rheology control agents and pore form ng agents.

Rheol ogy Cogéétg'sh%%fd‘hét fn3kE ‘i&dsf‘th@ﬁaarsctﬂ?éu toSHglﬂriﬁgo%g'ﬁ%lh%pe%?l yol's,
powder ed organi'c pol'ymers, graphite, stearic acid _and its esters. Pore
form ng age e@oma@tigéeagdag@lqr@eratq)m@@tw;p%h@e@r Typicaty.dhgdelieé pol yner

powders, achinbahedf SAUEMIn tAE pabRY i8TrIm abbat $0%Sto AWMt 364 BY ArfgHt! our. The

r heol ogy conj r ol a?ents and pore form ng agents (sonme materials nmay
per f or m bot Af N§RAS®ns) are well known to those of ordinary skill in the
art and sre u]csedﬁnéfp@emeefstaewré@?ntqbbeéss tnag atkmi:mmdin/ﬂmmg'ytqor?r}‘olthe pas]'Ee
or porosity_o o) rtic Typically, any o

t hese may b@g%qtésazlﬁtpérﬁqgﬂﬁﬁgréﬂfﬁs1§ﬁ§?lgg§8§3§§b¥é’rﬁg@%“t‘%gabout 20% by
Wﬁi gh':] : lpre$fardtﬁsysugalt$ngb{boi$t gmly%sn powdbc&dorga%'qogolmegshtgrephitmg pastﬁ.
The rheol og I : ' ' orated in the
paste are réétﬁ%\ag%m@r%'?n@?ﬁtgg%eﬁﬁi %g%%rgﬁg%ggggtgﬁtﬁgg édlg@ﬁgfégonbi nation of
vol ati | i zat POMPERYIEEHRDEHATGANG RYYMERPONIRES. astivpledFarbeR. ng and

cal ci naf( onclpdrcbhe sedranss! apdr ddlialode fRAUr ATherriediogy coRebradgdastangl € is then
prepared from referred _form ng techpique. The

t te. t . th
f ormed part pgqeﬁﬁ@fj\%s%e ds SW&%%"{’%\;”I@% r’e§§9§rfggetblo fungippsEred ﬁqrnder s,
tril obes, oknastmto tuseasf.ordifbey §kill irethepat bndlaes used asimecessany tander
diti RLC - e ; ‘ ; (1
o 11 abl o, Obtalr e dsiteD VIERIRIR of AR hasibiordiboiZof Ve e gBaNRIL 2" 2O L)
i nert gasesasthehcage mayrhsgehyrieally, goy ob these kay bespresentdatheamounénper at ur e

of Tr om AbOu fr bt PRR D ABRAE20%TBPWERSHE! frefcaBly> HORT aBdutdfo thar d and
porous zirconia formed particle. The _crush stren tf} of the shaped
barti ol es i 3bait 10% By weight ofdthe Rante nEhe Theiogy GAREY! 2aRTtBARG EEP { he
L) o, FrAersditohapuart ve fwecis vt derseomsns o Lo,
bei ng | ess %h P%/i%'t%obyp? Séﬂﬁ)én%ﬂ?@ s\?é).'a%luﬁ@%%ré?aﬁéppiblﬁgf)aldgriﬁpe pr egent
in the anouthe fofal Steps aflabying andicaleingtion pétheesttaped Eestice. 10 wei ght percent .
B Peon A 22t "h1BimapoF SRS bR Rheh R ot b 1 (Do
from about BXxtusion is theoprefesred forrging taghnisied el hesformedRartelevip@h a cat al yst
of this inveald 8Varidlyeof cross sections such as cylinders, trilobes, or star shaped.
The formed particles are air dried under conditions sufficient to form a
particle that is not malleable (or soft) or friable. The dried formed particles
25 are then calcined in air or in inert gases such as nitrogen or argon or
mixtures thereof at a temperature of from about 400°C to about 650°C.
The result is a surprisingly hard and porous zirconia formed particle. The
crush strength of the shaped particles is at least about 65 newtons
(14.6 pounds).
30 Because the materials produced by this invention have a lower
density compared to tableted zirconia (typically 25 to 50% lower), they
have the advantage of being less expensive to produce and use.
The catalytic metals are present in the amount of from about
0.1 weight percent to about 10 weight percent. A preferred catalyst
35 composition contains nickel and cobalt on the zirconia shaped patrticle.
The ratio of nickel to cobalt in the catalyst is from about 0.5:1 to about 3:1.
Nitrous oxide is contacted with a catalyst of this invention. The
nitrous oxide may be diluted with other gaseous components such as
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nitrous oxide may be diluted with other gaseous conponents such as 4 WO
02/ 070126 PCT/ US02/ 06397 nitrogen, oxygen, argon, and helium A typical
feed gas woemwanz2&di pi ¢ acid plant which uses nitric aci dpras/ushsoaai dant
cont ai ns about 10 volunme % nitrous oxi de; however, higher or |ower feed
rates are practical both for nitrous oxide produced in adipic acid plants
and for other 5 nitrous oxide sources, such as produced durjng the

manuf act ur NBPIBNLXYFERcAONTARH Aglium. oﬁ/tYPA‘t:@sfe?‘é)Qaﬁlfm@é‘ aihife from an

aAdl pi ¢ aci dacndtj Prént Pﬂﬂch M@éynﬁﬁ@ﬁtldwe?&qd?ﬁ dohfaih® aBbout I40 000 hrl.
gain, as i rue as conpasi ti er,or_lower space
vel ocities ﬁ%HOIHH’eu(z’eW ro&llﬁgxmﬁeggyvegﬁr,t At ?W%r ‘iﬁ%géﬁ&ess df a nunber of
factors suciraaticg bette ar rﬁl@omsaaxldeairudmemihtad)pns azid dentoace farratheon,

catal yst; ¢ nt on
Feact | ot progga oxe&sethces, HUEn R RGRked QUARG W mlanuRRALEIRIBEED. T, |
aci d oxi data(mh Typical fiowrates for nlﬁpusmfm@mmfyad@mdwt M&Y r ous oxi de
'S pr Oducef}ga?g frofh Quo@w@'eﬁ@ hriths atbgﬁmbobwranm@é\apé% 68 16t th@nveni ent

nmet hod of econposi n uct nitrous he net_.hod i nvol ves
cont act i ng feRd QﬁﬁtQ%ntBOSﬂJQ’Hé"%QWVAO\Eﬁ'E $P3Le velosities can 8 used: nihe i nvent i on.

Definiti on&esb@o&féiﬁbe@w@wdéﬁdwma haﬁ{b%fil offddlorsuomesiprdhgit al force
gauge, . nodel r-.operated stan A pi ece of

DPS- 4 d
20 cal cithedeBIRErAY LS e’“GD‘i'*? gxfcji(a:jcogcgmra Hep. |°@X%jvﬁ) Qraposiion, &lreflBcul ar to
the 1/8" (3présemjinvéntion Bwibt depdndest erassavgoh@ressure. appl i ed until the
based on_ 51 tr1Snes. e Rt RERr alEd0 BFithe Rilfls SSREGIFA € B2 55
i nt er changeafta miﬁormefacycéoﬁwano&yd@nhmnsnei nitrons axidend pioducest as nt ended
to inply t?b??‘i’%ﬂ]ﬂea e r)sésé\aAthrlﬁ?fé’ﬁﬂ éyprozfcfeg'g éon(#rmrom %@ pegri se stat ed,

all chemc use recelve rich Chem cal

Co., MISwaldes®mpagsin -productigiirays gxide.j &hgdnethad inalyss 30 zi r conyl
nitrate solritadting the%MitfdPLoxidd Withea caial sm@ban dlofnrcsfrthusl\mém&jmm

El ecktron, Inc. (MEl, 500 Point Brege e oad eni ngt on, 08822), was

di | ut ed to 214.66 g with 10% HNGCB. uI tant sol ution cont ained "14. 8%

Zr Q2. " Zi r coni uni e druski strengd88wéfe @,sté:ﬁw'ph aor lenadta daigitaitforc%@ljge vacuo),
Sui nton. MTEHERPES SRR B ar V1 febrropbraita B piegetbe Lane:
hydr oxy2é hytalehed eat;fedater(em&n (32 o viaderathkts pus pereetioar tq ibe
1/8” (3.2 mm) wide jaws, and increasing force is applied until the extrudate
is crushed. The peak load is recorded. The reported average is based on
51 trials. _ _
The terms zirconium hydroxide and Zr(OH), are used
25 interchangeably to mean a form of hydrous zirconia, and are not intended
to imply the stoichiometry is exactly “Zr(OH)4.”
Unless otherwise stated, all chemicals and reagents were used as
received from Aldrich Chemical Co., Milwaukee, WI.
Example 1 (Use of nitric acid diluent)
30 Zirconyl nitrate solution (“20% ZrO,,” 159.22 g), obtained from
Magnesium Elecktron, Inc. (MEI, 500 Point Breeze Road, Flemington, NJ
08822), was diluted to 214.66 g with 10% HNOj. The resultant solution
contained “14.8% Zr0O,.” Zirconium hydroxide (238.60 g, 15 y, pre-dried at
95°C in vacuo), obtained from Magnesium Elektron, Ltd. (MEL, P.O. Box
35 6, Lumns Lane, Swinton, Manchester, England M27 2L.S) was mixed with
8.67 g hydroxyethylcellulose. The solution was added to the powder to
form a paste. The paste was extruded four times into 1/8" (3.2 mm)
trilobes using a Bonnot 1" (25.4 mm) lab extruder to thoroughly mix the
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forma paste. The paste was extruded four tinmes into 1/8" (3.2 m)
trilobes using a Bonnot 1" (25.4 mm |ab extruder to thoroughly mx the 5
WO 02/ 07080628012dJS02/ 06397 paste. After the fourth tinmepchmsogésivhe
extruder, the extrudates were allowed to air dry. The dried extrudates
were calcined in air with the followng tenperature program ranped from
25C to 100C over 3 hours, soaked 1 hour; ranped over 3 hours to 300C,

soaked 2 hobaste. r%ﬁiéhe@ldvet'm@ theaugh the extioder.dbalexirudatesuvere The cr ush

strength of andWed td 8§ drEXThe dae8extradated Weredcdicined Wil air(fith enewt ons), a
1.5-fold inprovene

r the baseline case rati Exanple A). A
sanpl e of tYROMN% "é@&r?ﬁﬂﬁtpégg'm éamp(?ﬁ' FP'P:?%E "Pg‘%&(g efr:% oqrﬁgg pi ez:es
anfl I Qadedfsmég&edh htuEaampedlove¥3Nours 20 BOOIC eswgkeda? hoursofamﬁz@da Lmt hanol
sol ution. of _t LL I t e t t hen
cal ci ne ag%Y‘?{esf ﬁpurf, heii?%a? g%@%%e‘t Qecomggg‘?ﬁmé%@ﬂqﬁgiﬁégﬁ%ﬁoduce t he
cat al yst . T@armtataﬁsy\eas k6 3l Gtpesin@ds {6410, nemito8shy)a Worfeld improdemend a
t ubul ar é\%]r%? ﬁé‘Eﬁ?e g&eGéQ,(a UpgiRK é)ké?'\’)‘pl'e% 0% N20/90% N2 (3.0

15 res 00

L/ m n). deconpose he N20. The catal yst was

then renoved frérﬁam@epéé!&’&'feda%r fewers betken iptor 1/8" (H4MMn air to
Si mul at e caloAGRécdohngIGudNARTY 9% OE0ANEN T, NIWIOIGIeVabbRTioRlof650C, 1 he

aged ca al yst conp % of the N2 Thi a how di | uting
e 2t riBnyR metPAaRESaGian PLRe A ST o meral O A ST Es Me vat or  no
onl y i nprovihentdaicinéd @aggirhfoofl Hdue at 566TC tod dgcompabeﬂ;he shitd ahdwers its tap

density as I of the cat al yst is unaffected. Exanple 2
(m xture ofg\@gg%gﬁ%ﬁé{awrtle Zr ( 4) "Fine" zirconium hydroxide (MEL, 1 p,

40.00 g), and ' cBae§etalysﬁextruda@sl(aﬁwmkymbﬁugdéve(rmadezb@t@et@bulas ta), both
pre-dried %a\&&?r%cﬁﬁea%@to\eeoecmn&eﬂﬂwtr@ ﬂ)%mga@m%ﬂé YBl0WhaR).! ul ose. A

ol ut i ofY (V# JréshRtalitetecogiame e st Rof JEie sabs iR

§t wgsithen povvder to
forma pasiteenovidtefromsthe reastoezahd heated ati800°CrEes 2 durs In &ir t¢ 3. 2

tril obes gg%'ﬁ‘ﬂ'&%f‘faﬁ%ﬂ% ?% @%érfzéo roug%x lbq‘elj’ éé?m ré:{%rsot,e thoroughl y

m x the e ex rud the éxtrudat es
were al | ovibe agﬁchtpatat!/sydeqmepmecb%@% Dﬁthﬂ NsOwer e cal ci ned inair with

the fol|ow ng “FHEE‘é)é lésHb rh?adehﬁngetﬂ elz r%Bh@lWrét‘é siforQyRH 3 hours,

soaked 1 hour:. ranp our s soaked hours; ranped 35 over
3 hours2 o t@é@ltrmwsae%af waterpot QF‘le‘H‘%PY%‘-iﬁjﬁ'ﬁtEﬁ”Qﬂhé’f the ed

resulting catalyst, but lowers its tap density as well. Activity of the catalyst
is unaffected.
Example 2 (mixture of coarse and fine Zr(OH),)
“Fine” zirconium hydroxide (MEL, 1 p, 40.00 g), and “coarse”

25  zirconium hydroxide (MEL, 200.00 g, 15 p), both pre-dried in vacuo at
98°C, were mixed with 8.40 g hydroxyethylcellulose. A “15% ZrO,”
solution was prepared by diluting a “20% ZrO," zirconyl nitrate solution
(MEI) with water. Sufficient solution was added to the powder to form a
paste. The paste was extruded four times into 1/8” (3.2 mm) trilobes

30 using a Bonnot 1" (25.4 mm) lab extruder in order to thoroughly mix the
paste. After the fourth time through the extruder, the extrudates were
allowed to air dry. The dried extrudates were calcined in air with the
following temperature program: ramped from 25°C to 100°C over 3 hours,
soaked 1 hour; ramped over 3 hours to 300°C, soaked 2 hours; ramped

35 over 3 hours to 500°C, soaked 4 hours. The crush strength of the fired
extrudates was 24.2 + 5.3 pounds (108 newtons), a 2.5-fold improvement
over the baseline case (see Comparative Example A).




extrudates was 24.2 5.3 pounds (108 newons), a 2.5-fold inprovenent over
the baseline case (see Conparative Exanple A). 6 WO 02/ 070126

PCT/ US02/w63947012% sanpl e of the fired extrudates were brolkemusnt/a3d7 8" (3.2
mrm) |long pieces and | oaded with 1.5% Co and 1.5% Ni via roto-evaporation of
a nmet hanol solution of the nitrate salts. The netal -1 oaded extrudates were
then calcined again for 1 hour at 500C to deconpose the salts. 5 The

catal yst ext r udafsample ofithe firedsexjjudatesswemsbekendow Y8t (hdimm) reactor and
heated to 6pfg dé’%kggaﬁd AR wWilld BOICHININE. 508 NI id FBtBlevapdiiohldtsh
ARt

he r bact or 3 SHINRBRH LA G0BE MiepleSaLr 08 Mol oRdPeLPHOIHES BATS st

t he reactor?@
agi ng and rgeataiciesdabainner 1Wpur at S06%C tandeadmpoBEthe $8its.he aged cat al yst

d d 92. 0% 0of N20 ' | h - addit | f N
arount o179 of T crbiyst edrdgtes (TOIE, £2 8 W08 kA QB R ubbdf 2 2,507
t he resul tiregctaanduzated to S60C iundegflgwing TAlbtNEd/90Ne Ned8& li/minhe

St ' . vpel e .
Che st engt e fipsh cBfaiydt'dckBRidbsel dRB RN ThR LA BelD | ner case
i denti cal pieapaestfrom the meacter and heatashat $0AColop2chaws ima to4. 9 pounds
(86.3 newt ogighat& RSt adjing HRE rhctor ékétﬁeﬁﬁé.? ggdmmstm ht@s5008! se/ fine

m xture together) Zirconyl nitra ugj.on I, "20% 9r02", 138.85 Q)
was di | edt @gegg@tglgsbd%mrnpqwﬁmow@ e .

ut ed sol uti on cont ai ned
"14.9% Zr02. " 20THiSexaafle showsmownheystiditiardef 4 Niall dmdud/(~97%)>fp) and

"fine" zirconium hydroxide (. . 34. 76 h pre.dried at -100C in
vacuo, wer eﬁ)ner'r?'f&qf"%nc?'ﬂ dﬁ"?f{' Nﬁhﬂﬂ?@fﬁ@ﬁﬁ?ﬁé’gﬁ%m (gfgb? r%j@t'g%l‘ut i on yvas
added t o t hextrydateler Suprisingly,a furthiee incféaseisthe amsentcatioofififieour ti nes
into 1/8" ( : ri [ . bmmgn[- der to

t hor oughl y éé:o%ud;m[tﬁé dpz\i"g{%z.%o%fit@ Cpﬂgﬁfn&of};r &n%rﬁés%e%éhég)gﬁhﬁt e ex ruder,

t he extludawas inofeasedilo &had28%)an enatherwisridentieal rrepa@iignethener e cal ci ned

in air wthefbg stréﬁgirpd}‘oﬁﬂeaqgﬁgf@&w@pB{lﬁ@é 883 mMWsAs) rom 25C to 500C at
1 Cmn, soaked 4 _hours. The .strength of the fired extrudates was
27.0 6.4 péyample ~ lyent 3 § 10ge

VoS b Gkt S e BOSINENL 20V, 2007 RIS e B2
1.5% N vi a1¢6g{5§9e‘v®b3b% ﬁ@%f-rh%gﬁ‘é@ﬂﬁ iOQO?Q.ﬂt?'Sﬁgoﬁm% 2r (;t e salts.
The metAl - | ‘Qadeske ezitconian dydrmdde (MBLc1 7287 ggdibru)fand “finedaircatium00C t o
deconpose 1y SahbMERd BT AHYCE | Dt prédridbYat~100°C in vacuo, were
mixed with 7.71 g hydroxyethylceliulose. The solution was added to the
powder to form a paste. The paste was extruded four times into 1/8”
(3.2 mm) trilobes using a Bonnot 1" (25.4 mm) lab extruder to thoroughly
25 mix the paste. After the fourth time through the extruder, the extrudates
were allowed to air dry. The dried extrudates were calcined in air with the
following temperature program: ramped from 25°C to 500°C at 1°C/min,
soaked 4 hours. The crush strength of the fired extrudates was
27.0 + 6.4 pounds (120 newtons), a 2.8-fold improvement over the
30 baseline case (see Comparative Example A).
A sample of the fired extrudates were broken into 1/8” (3.2 mm)
long pieces and loaded with 1.5% Co and 1.5% Ni via roto-evaporation of
a methanol solution of the nitrate salts. The metal-loaded extrudates were
calcined again for 1 hour at 500°C to decompose the salts and produce
35 the catalyst.
The catalyst extrudates (10 mL, 13.7 g) were loaded into a tubular
reactor and heated to 650°C under flowing 10% N>0/90% N, (3.0 L/min).
The fresh catalyst decomposed 100% of the N,O. The catalyst was then
7
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The catal yst extrudates (10 nL, 13.7 g) were | oaded into a tubular reactor
and heated to 650C under flow ng 10% N20/90% N2 (3.0 L/mn). The fresh

cat al yst wemenpused 100% of the N20. The catal yst was t heRCTUSWDE327 070126
PCT/ US02/ 06397 renoved fromthe reactor and heated at 800C for 2 hours in
air to simulate catal yst aging and reactor exotherns. Upon retesting at
650C, the aged catal yst deconposed 93.8% of the N20. This exanple shows
that conbi ntempoveaskframtthedeactoraad heateshal QGG fos 2 Bpyrssin aifdoof coarse and

fine powdergigjse Qb aging aRArBaétbRBXGhERAS. Updnhetestingns 658%anpl e 4:
(Use of 16%nitric ac&d |Iuen%; d;.g%%gp%b nléjrste solution (MEl, "20%
zr02", 156. 6 agedeatalyst decampeseddia 835 Ohthe NaC15. 99 HNGB. The di | ut ed

sol uti on cont ai nERis"ekantlfe £h6Rs thatlddnabinmgnthemitni droick difietionvidth tH88. 80 g, 15
p, pre-dried.at 9 I.n.v . ' | r t hyl cel | ul ose.
The sol ioW')a}érse d::fca%?@cqs? %ﬁagﬁg\,e%g'vv@éﬁ{%%%&rﬁ%g%%gg{ wgﬁgaste was
extruded usinethad @oneot 1" (25.4 mm) |ab extruder four tines into 1/8"

(3.2 mm trilobes to tha,aua8ly (USof 1886 PREE GcidVil@nty he fourth tinme
t hrough t he extruder, ir. dry. The dried

ext rudat es were £€i¢Qnyhedrate, SaﬁuﬁiOW(%e/'rsE‘t 'ﬁ@%%gpgbﬂn%\é&q S)?rW% gi'dted B8r ogr am
[arrgggcf ron:eg@.gs ﬁﬂ@@.%@iN@a.hmh@&iiluéé@wedoﬂcbmaﬁned eurao@%d 3 hourT ﬁ

0 sogked .2 hours:. r ours. o o e ours. The
crush skt erdtspniem ngroxine L 2afi o g b et 3G AR "

newt ons), awhgmiked withrf79gemeinoxyEthyoaliulodee Db sblutionoseaseaddasbtoConpar at i ve
Ex le A). ' ' /8" (3.2
Ioﬁgpp;aec)esthérf?(}&'i?a(;%ar 838%'{1?&Jﬁt@&?g%ﬁ%ﬁ@%@%%ﬁﬁgggfsr %Eg@gg})?ratiog of ng)
met hanol sof25:4 smmblabtewdrudier fairdinges indo 11 d3eman)-trilphgsdo dharpuablyes wer e

cal ci ned agajtHeOpaste N Atter e RIPE e IRORGRARE ekitader the eRtigdateeduce 25 the
catal yst. The caﬁ al yst extrudates were lLoaded into a

(10 i, 12.2
t ubul arl3 r eWEfSHR feal gyt h%@ﬁ@%@@%ﬁ%‘%%&%@%ﬂlﬂb?ﬁdﬁ% €(3.0
L/h mn). Thfagbmsjnf epaarhiusé pd@yan'pwam]beﬂi(f&%(ﬁg"f)he 18ROC oMee 3daduasy st was30
then removed fr Q 0 air to
sinmul ate ca?%q‘ﬁ?éfrhépﬁdéﬁﬁgardggg? g}élgg%fﬁgg‘tnga%ggﬁoirg e'}sgt !’%}rﬁp%@ 650C, the
aged cat al yeverdkboursdecl09€, s9aksd 4 heurR0Thareushserasigth 664 drat her than

ég% HNGB ase&@ét?@%s RNPANE 8DHuREsIB5 3 VERoRE), Bhvo-RidInkhradement udat e.
npar ati ve Exanple A’ _
20 over the baseline case (see Comparative Example A).
A sample of the fired extrudates were broken into 1/8” (3.2 mm)
long pieces and loaded with 1.5% Co and 1.5% Ni via roto-evaporation of
a methanol solution of the nitrate salts. The metal-loaded extrudates were
calcined again for 1 hour at 500°C to decompose the salts and produce
25  the catalyst.
The catalyst extrudates (10 mL, 12.2 g) were loaded into a tubular
reactor and heated to 650°C under flowing 10% N50/90% N5 (3.0 L/min).
The fresh catalyst decomposed 100% of the N,O. The catalyst was then
removed from the reactor and heated at 800°C for 2 hours in air to
30 simulate catalyst aging and reactor exotherms. Upon retesting at 650°C,
the aged catalyst decomposed 96.2% of the N5O.
The use of 16% HNO3 rather than 10% HNO3 as a diluent
enhances the strength of the resulting extrudate.
Comparative Example A
35 Zirconium hydroxide (MEL, 210.64 g, 15 p), dried to an LOI (loss-
on-ignition) of 12.7%, was mixed with 7.50 g hydroxyethylcellulose. To
this, 180.32 g of “15.0% ZrO," zirconyl nitrate solution (made by diluting
the MEI “20% ZrO,” solution with water) was added to form a paste. The
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35 Zirconium hydroxi de (MEL, 210.64 g, 15 p), dried to an LA (| oss-
on-ignition) of 12.7% was mxed with 7.50 g hydroxyethyl cellul ose. To

this, 180wB22g7mb6 " 15. 0% Zr 02" zirconyl nitrate sol ution eoadsobys3di | uting
the MEI "20% Zr 02" solution with water) was added to forma paste. The 8 WO
02/ 070126 PCT/ US02/ 06397 paste was extruded four tinmes into 1/8" (3.2 nm

tril obes using a Bonnot tru n_order o thoroughl y
m x the pasPaSteprasexifyded fPi*u?m?Sth?e I(:gé E@Obﬁf M8 a Pﬂ'éo xt r udat es
were al | owed” (25.4mmiliap. extriider dr oehbrekxthcudagbly mizrtbe pabtd. nafteritheai r wi t h

ecod 1 it PRE AAYOES (e BXAGHEN S BTREEaIbE WBETohRa 103k iyer 2 hours:

soaked 1 ho nped over 3
hour s t o 5Ebe:dnedaaw¢ldata$oue@ caftised ingif with thegolowingitamperatyte ext r udat es

was ) n rudates were
broken |nto llgggm pa?néé&fr‘aﬁ’("QQ‘r@}o160‘3‘96%@3%5&%;%055\??‘1 rﬂﬁi}é% o e

ece
Ni via rot o@ﬁ‘&%&ﬁ)?)ﬁ@" %ﬁOHTS toagor%gnéﬁﬁ‘l‘ei8Ihﬁqr%r{aﬂfpeldl‘%v%3( hoargaiQalts. The
net al - | oadego@E>a,I9bAREE S NEUTS. THeedtusiaktrengith efahe irédextudatas wais 500C t o

deconpose t e, catal yst extrudates (10 nmL, 12.6 g) were | oaded
into a tubuggr qrgteB?;‘f'Efr %‘ﬁd’?@f‘ﬁb to 650C under flow ng 10% N20/ 90% N2
(3.0 L/mn). 15AEanpleefthe fiteal gxdtudddesowpos brbkeddbtoof/8t [R2Ma0) The

cat al ysio ol i0ced SHRYEHCAN 189 ERAGA0H FAYRRRIRE RapBRENT 2 hour s

In alr reactor on retesting at

650C, the agnwheaolasqhstuord@ttbmtget@ Sifts6 ohhsf metal- lw@ed edryiatas MeEe Exanpl e B

(use of hi b ution) Zirconium
hydr oxi de ?@%ﬁ &agéélﬁé@ébﬁfn' Lva t@ura?gpérdli?ﬂlbﬁm\@g%%@gfﬁ@ @V@)S m xed with

8.45 g hydr oxyetFD‘P@QIQ'ﬂt@gUdﬁ@St(ﬂp@Lst%G@ wergfloadeshin{o %t g zirconyl
][“ t rat € SO' e g iﬁﬂgat\éﬁ%ﬁ??@ LTn@ef f6WIrgy v@%t O/SD%NEE(?O?L%%VE!S) extr U?eg
our ti Jl'ﬁgr e rilo ?q o Onnt@ a
ext rude ¢ feshiatalyel RPS{dx é‘%g& A2 e paahstvg ﬂntl e

t hr ough thermcbvmﬂffom thbeeactor add heatedat8@0 I®ier@ haursam nirdoy. The dri ed
ext rudat es | l: ' o] rogram

r anped from%@%#%lgg%gngggaﬁ%@gr Eg@akﬂhg ‘fj;ﬂ}}l\ re?&fﬂﬁpﬁ?ﬁ@i%f 3ghours
to 300C, sothesaper vatalyst decomposes,97.636oktheodp©.t o 500C, soaked 4 hours.
The crush st 1 eng! ItgihobiiybiEsafnolE ™ KegNAChedntdidheunds (41

newt ons) . Surpri si concentratrion o e zirconyl
nitrate20 sol ution, and t hus i Q&Qﬂé}_’&tﬁ'f@lﬁ@_ﬁﬂsoes not produce a stronger

Zirconium hydroxide (MEL, 241.18 g, 15 y), pre-dried in vacuo at
97°C, was mixed with 8.45 g hydroxyethyicellulose. To this, 304.62 g of
“29.1% ZrO5” zirconyl nitrate solution (ME!) was added to form a paste.
The paste was extruded four times into 1/8” (3.2 mm) trilobes using a

25 Bonnot 1” (25.4 mm) lab extruder in order to thoroughly mix the paste.
After the fourth time through the extruder, the extrudates were allowed to
air dry. The dried extrudates were calcined in air with the following
temperature program: ramped from 25°C to 100°C over 3 hours, soaked
1 hour; ramped over 3 hours to 300°C, soaked 2 hours; ramped over

30 3 hours to 500°C, soaked 4 hours. The crush strength of the fired
extrudates was 9.3 + 3.7 pounds (41 newtons).

Surprisingly, increasing the concentration of the zirconyt nitrate
solution, and thus its ceramic yield, does not produce a stronger
extrudate.

35 Comparative Example C (Use of higher amount of nitric acid diluent)

Zirconyl nitrate solution (MEI, “20% ZrO,", 115.15 g) was diluted to
230.98 g with 10% HNO3. The resulting solution contained “10% ZrO,."
278.17 g of 15 y zirconium hydroxide (MEL, pre-dried at 102°C in vacuo)
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extrudate. 35 Conparative Exanple C (Use of higher amount of nitric acid
diluent) Zirconyl nitrate solution (MEl, "20% Zr02", 115.15 g) was diluted
to 230. dog2midibe 10% HNO3. The resulting sol ution cont ai mret/USaD8&3Zr 02. "
278.17 g of 15 p zirconium hydroxi de (MEL, pre-dried at 102C in vacuo) 9
WO 02/ 070126 PCT/ US02/ 06397 was m xed with 9.92 g hydroxyet hyl cel | ul ose.
The solution was added to the powder to forma paste. The paste was

ext ruded fowastrired witht @92/BHydroSye2hyinglivlose.obks sokitiog veaBadded tal” ( 25. 4

| ab ext t : tihet 1 ME
t hr ough t he{ edféwa rty}gﬁﬁ%gg% r udg?)ésﬁ%?%\e%g e‘?atqu@\%éﬁ&g%ﬂﬁe% 9@6 1% The dried
extrudat es (@2 emohtriobesiusingai BonwatH "t(R2.4 mm)llalmAentJUd@rrmethatqmg@Iypr ogr am
ranped fro 0 r 3 hours
{65000, sonpaqefystily At e b e tyRRgHIRe bxtger. ‘“é‘%‘?ff"%é‘é@hours The
crush st enyere alowedbta air éiay the fia&at%ua,agesmefﬁ cajciged A avithat
newt ons) . 1f)|IGWi: eﬁhmbtme Qr@nﬂlrh#ipkeﬂ@frdrﬁ@&Cﬁ@Q@NC'Wefatrfbufiéﬂ ution

with some 10% benef,i ci a reduces he strength
of the T esERRtyT BRUF JATRES oveahrm b 1% 808 Crased halsSorthp
concentr at i oven hours taci0)° @i boaked 4 hdurs ofilyé cruslmata\gmbﬁtheoﬂredl\/EI "20%

Zr 02", 154. g)ﬁ Lﬂ)a %@alfg %}qd%gcbpu% (?gji)%ﬁ?ﬁle h 22. 3% HNO3. The d| | ut ed.

sol ution CoRtAHE oni um I‘OXI de (MEL, 236.31 g, 15 p,
pre-driHd at 96cﬁurpn$mgm)wh»lmlumngéhewrwm$ngeatg sejudiopwith sgmeel | ul ose.

The sol uti ofp%AasN 0|§‘E‘>eh8fuc1bh%ul9m@ﬁ&oé farfrediRes esdtfengliief frst e was
extruded usin nnot 1" (2 mm) |ab extruder four tines into 1/8"

(3.2 mm trqugB@SefWupﬁ%ﬁ%ughly 20 m x the paste. After the fourth time
t hrough the &ghipimtetive ERempld DUdseé e higher eoatdrivatibnt mitrizi dcidltdiluenthe dri ed

extrudates were g@&%@ﬁrdté‘ sé‘!é)'nﬁﬂ"dMTEIt %"/ E?%L “Y'52928t &WS& agwea tBrOgram

ranped from 25C over ours

D00 ooaad 5 wWiRS 3% s bt apliton soatuted SibdBatonr o The

h st f 1 pp‘;g}:??) 67. 2
(rzlra\lj\fon:) r egﬂi—@brﬁ?m I{}}?j {)*'aggM%gdggé@rﬁS@at eg%raﬁdrl%tk%?\ I nto é( (3.2 mm
| ong pi ecesWaﬁﬂn'K%b}@B &P3 19 hydsogyeshyeeliuiossy, Nie splutipmmaseadgnst | on of a
met hanol  sofHet pswdetfto ioen & pasié eTﬁé';ﬁa%te whe extruakd Iu@a@eai B@hhbuﬂat es were

catal yat. 54 E) GoedE i dees it e g 2y BPes o latalofo s *
t ubul ar20 r emix the @aste.hadtee the fousthOtine tickeugh lthevertyud©ddhid? BxtandateR (3. 0
L/ min). were allowed to air dry. The dried extrudates were calcined in air with the
following temperature program: ramped from 25°C to 100°C over 3 hours,
soaked 1 hour; ramped over 3 hours to 300°C, soaked 2 hours; ramped
over 3 hours to 500°C, soaked 4 hours. The crush strength of the fired
25 extrudates was 15.1 + 3.2 pounds (67.2 newtons).
A sample of the fired extrudates were broken into 1/8” (3.2 mm)
long pieces and loaded with 1.5% Co and 1.5% Ni via roto-evaporation of
a methanol solution of the nitrate salts. The metal-loaded extrudates were
calcined again for 1 hour at 500°C to decompose the salts and produce
30 the catalyst.
The catalyst extrudates (10 mL, 11.8 g) were loaded into a tubular
reactor and heated to 650°C under flowing 10% N20/90% N2 (3.0 L/min).
The fresh catalyst decomposed 100% of the N20O. The catalyst was then
removed from the reactor and heated at 800°C for 2 hours in air to
35 simulate catalyst aging and reactor exotherms. Upon retesting at 650°C,
the aged catalyst decomposed 93.7% of the N20.
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The fresh catal yst deconposed 100% of the N20. The catal yst was then
renoved fromthe reactor and heated at 800C for 2 hours in air to 35

si mul at e watiabydate agi ng and reactor exotherns. Upon retescmgsat/oB8%0C, the
aged cat al yst deconposed 93. 7% of the N20. 10 WD 02/070126 PCT/ US02/ 06397
CLAIMS What is clained is: 1. A process for making a zirconia catal yst,
conprising the steps of: (a) preparin paste conprising a step sel ected
fromthe group consisting of: (i) zi rconi um hydroxide with a

sol ution of zircdWhatisclaimedds: water, and nitric acid; (ii) mxing

relatively fine parhi LGS 31 AVBoR ' i el coarse
particle size zi ?bohi@hqeﬁiédﬁﬁ%ﬁg\% th abégﬁ%’lylggﬁogﬂﬁ'zsfrr@co%y g‘lﬁ?’t rate and
wat er; and Pfii i) mixing relatively fine particle size zirconium hydroxi de

and rel atively coargp p@féplaﬁhg_aspésﬁeébhﬁﬁ%irtﬂ:é Rigp sbeRd frdrhith@ sol ution of
zirconyl nitrate, water, and nitric _.acid; erein, in (i), (iit), and (iii)
there may optional |y bed@H® NSIRPE Ofadditi onal sol vents added in addition
to water; (b) form ng a(ishmpédag picdniomehydroxide lwdthsa eplution abpastenyl (c)
drying the step (b) shaped.. i ' Ld) | cining the dried step (c)
shaped particle at a terrpré'r E‘%r‘”@%‘f' ag‘tad’?'éégsgf&‘%ooc. 2. The process of Claim
1 wherein one or nore a(diji mxangirelatvaly ne pagicle ageaircooiush bpdroxide ) |

(a)(ii), or (a)(iii) of C %ﬁdﬁélativ%l){ ¢b8rsRr & sfe HHUNOMA Mbrddidd m 2

additionally conprising adding at 1east one netal selected’fromthe group

consisting of cobalt, ni cWihaSohdiarueh Zigganybiitrate and MW&tRMANDI at i num
nmanganese, |anthanum agif) mi@hd reratively fiee particl®sizeircoriugdhgdrofiest ep (d)
shaped particle. 4. The proccfsea of Claim 3%{'5 Claim.3 cor;ﬁrl 3@%’ addi ng one
or nore additives sel ect 89 FEATGNECYRSE PAUTIEISIAS FFonturg ny e

| ubricants, rheol ogy contwibh asspdution ofazictopyl mitrbte, water, agdmtisic 5. The

process of Claim1, whereip.the optional solvent is selected fromthe

group consisting of alcohol; ketones, aldehydes, aromatic solvents, and
conbi nati ons t her eoWherein, in (i), (ii), and (iii) there may optionally be one or more

“additional solvents added in addition to water;
(b) forming a shaped particle from the step (a) paste;
(c) drying the step (b) shaped particle; and
(d) calcining the dried step (c) shaped patrticle at a
temperature of at least 400°C.

2. The process of Claim 1 wherein one or more additional
solvents are added to step (a)(i), (a)(ii), or (a)(iii) of Claim 1.

3. The process of Claim 1 or Claim 2 additionally comprising
adding at least one metal selected from the group consisting of cobalt,
nickel, rhodium, palladium, iridium, platinum, manganese, lanthanum, and
cerium to step (a) or to the calcined step (d) shaped particle.

4. The process of Claim 1 or Claim 3 comprising adding one or
more additives selected from the group consisting of binders, lubricants,
rheology control agents, and pore forming agents.

5. The process of Claim 1, wherein the optional solvent is
selected from the group consisting of alcohol, ketones, aldehydes,
aromatic solvents, and combinations thereof.

6. The process of Claim 1, wherein the amount of one or more
solvents in the paste is 10%-40% by weight of the paste.

7. The process of Claim 3, wherein a rheology control agent or a
pore forming agent is added in step (a).
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6. The process of Claim1, wherein the anount of one or nore solvents in
the paste is 10% 40% by wei ght of the paste. 7. The process of Caim 3,
wher ei n awohlewotagy control agent or a pore form ng agent PCI/Uddb@&397 n st ep
(a). 11 WO 02/070126 PCT/US02/ 06397 8. The process of Claim?7, wherein the
rheol ogy control agent or pore formng agent is present in an anmount of
0.5%to 20% by weight of the paste_ 9. The process of Caim3, wherein the
netal added is c8ballhegroeess ¢\ piraf . whesgindha dgolagy camfeol#aspéos of O ai m

9, wherein pBfe ’fcﬁ#ﬁ*.sg bgﬁrgt-ié?iﬁrésférﬁ% an Bnoddi®df B 5%as200 b vadightlgh, wherein

the level i§ 1%to 3% he process of Claim3, wherein the netals added
are cobalt Ba$iPckel at a conmbined level of 0.1 %to 10% 13. The process
of Caim 12, whepei ThépeocawstnfGidinh 8y eherein @héthdtal addéd is4obkhaitpr ocess of

Gl aim 13, erfziﬂ E/etcia{)i ned level is 1%to 3% 15. The process of Caim
1, wherein &Y %}ﬁ 8'Dartdcle of step (b) is formed by extrusion. 16. A

cat al yst conpri 40ngThe peacess, of ZlajpaBewhbyein ftiee Evepis @6% ta &%. preparing a
paste conprising4a ‘fﬁ&préﬁs‘%ﬁf‘?ﬂaﬂﬁ 98! %H@reiﬁﬁﬁ%’%v%?{ésf‘}%ttb@/opf: (1) mxing
zi rconi um hydroxide_wth a solution of zircony nitrate, water, and nitric
acid; (ii) mixiig rEhapreeasy afiGlainar wherein dhe metalsasidedramycobalti de  and
rel atively grangkePaf &icehfifedRvé| 6COARL fodroxide wth a solution of
zirconyl nitrate_and water; a Jai I Xing.relatively fine particle size
S F Cont um hydr ofBae  NARIMESS GGty 12 MPSi e pamb&cievers ety

hydroxi de ®#4.h a solution of zirconyl nitrate, water, and nitric acid,
wherein, in (i),,(id and (i 1 e . ' | ne .@f . nore

addi ti onal sol vgﬁt s*ﬁ%@é@cqsg oa{é%?'t"{?gﬁ’ ngc/%[?@ﬁé 8?@#'%6’3%1"%@]8& éh%\ped
particle fra%.the step (a) paste; (c) drying the step (b) shaped particle;

d (d | ci ni t ' . _ t f
and (d) cal ci ni 49 t¥fe SrocibsYrtflant h, MMBRSH IRESRASPpBHicR of QEBTERT U e ©

is formed by extrusion.

16. A catalyst comprising zirconia, prepared by the steps of:

(a) preparing a paste comprising a step selected from the
group consisting of:

(i) mixing zirconium hydroxide with a solution of zirconyl
nitrate, water, and nitric acid;

(i) mixing relatively fine particle size zirconium hydroxide
and relatively coarse particle size zirconium hydroxide
with a solution of zirconyl nitrate and water; and

(iii) mixing relatively fine particle size zirconium hydroxide
and relatively coarse particle size zirconium hydroxide
with a solution of zirconyl nitrate, water, and nitric
acid,

wherein, in (i), (ii), and (iii) there may optionally be one or more
additional solvents added in addition to water;
(b) forming a shaped particle from the step (a) paste;
(c) drying the step (b) shaped particle; and
(d) calcining the dried step (c) shaped particle at a
temperature of at least 400°C.

17. The catalyst of Claim 16 additionally comprising adding at least
one metal selected from the group consisting of cobalt, nickel, rhodium,
palladium, iridium, platinum, manganese, lanthanum, and cerium to step
(a) or to the calcined step (d) shaped particle.
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17. The catalyst of Caim16 additionally conprising adding at |east one
netal selected fromthe group consisting of cobalt, nickel, rhodium

pal | adi unwoioe/oiiean pl ati num manganese, | ant hanum and cecrwsiy@w3step (a)
or to the calcined step (d) shaped particle. 12 WO 02/070126 PCT/ US02/ 06397
18. The catalyst of Claim16 or Claim17 conprising adding one or nore

additi ves sel eougd ThBTaAd e SuRrf 38T WARK Ploohi G aabilI kA o,

r heol ogy control B ocess of Claim
16, wher ei nmdie a@!phtiveﬁael%ﬁe%'ﬁm the gr@épé@mwtmg@mmr@rl@ fcaddisi sting of

al cohol , kepum KEHISg @J,,q?a)gé%ﬁts aMdBrEiferinl \Ryeings, and conbl nations thereof.
20. The cat al yst of Claim o b unt of ni in the paste

is 10% - 40% by 19ei §he %?quf\ggét'ﬁ%ﬂ’heﬁﬁ 'b"r‘BEB% iSm 16, wherein a
rheol ogy coséleetedfgemtthergreup nonﬁsﬂrﬁgOfaigohglehétdnesadldedydes step (a). 22.

The process_of I y control agent or pore

form ng ageﬂfomg'cﬁ(&gﬁﬁs Fﬂggﬁhm%ﬁ)[nsr}ﬁg %g%to 20% by wei ght of the
paste. 23. The 2t a]ﬂ;zetcatﬂlystlcél(.‘rtamrﬂ6mwbel@|mtl'tehemmntabfmld@rd ingheobalt at a
| evel of O. 63{%t59-ilbgf/() 4t aﬁ g gglﬂyﬂ)g% Claim 23, wherein the level is

0.5%to 5% 4, wherein the level is 1 %to 3%
26. The catal ys21of T@ﬂ%%ﬁ%@iéml R Wﬁ@r%@zﬂ golagyePnifobagemra and

ni ckel at ap gfyﬁyrm}% ggy,qhsgtjd@dwme@ 27. The catal yst of C aim 26,
ne
n

wherein the co evel is The cat al yst, of aim 27,
wherein the co e h?é\/%?esissoflg}@%% eﬁn%ﬁ@e&i‘?% tr}A98NLPH 16 or

d aim 17 whpor fmrmlmg agersttis presemgirmaniasnaintlof 8s5%a6 208ubyveeigidttof The
process of ﬁfab% or Claim2 or Claim3 wherein the crush strength of the
cat al yst produc d is at | east 65 newtons. 31. The use of the catalyst of
Claim 3 or d ai @317Thecatalyst ofifaimabas wheligin thesmetal added is cobalt at a

level of 0.1% to 10%.

24. The catalyst of Claim 23, wherein the level is 0.5% to 5%.

25. The catalyst of Claim 24, wherein the level is 1% to 3%.

26. The catalyst of Claim 17, wherein the metals added are cobalt
and nickel at a combined level of 0.1% to 10%.

27. The catalyst of Claim 26, wherein the combined level is 0.5% to
5%.

28. The catalyst of Claim 27, wherein the combined level is 1% to
3%.

29. The catalyst of Claim 16 or Claim 17 wherein the crush strength
is at least 65 newtons.

30. The process of Claim 1 or Claim 2 or Claim 3 wherein the crush
strength of the catalyst produced is at least 65 newtons.

31. The use of the catalyst of Claim 3 or Claim 17 used for N,O
abatement.
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