METHOD FOR MAKI NG | NORGANI C OXI DE SUPPORTED CATALYSTS

FI ELD OF THE | NVENTI ON [ 0001] The present invention
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catal ysts, and in particular, catalysts utilizing

porous materials to support catalytic netal species.
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constants. flianges Isexfadeermels. normally allow quicker reactions, which is then

related to improved economics for material produced per time.

[0004] Processed powder particle catalysts, e.g., such as extrudates, often have
decreased surface areas, because the pore structure tends to collapse during the
mechanical extrusion process. They also typically have higher manufacturing costs.
As a result, impregnating granular particles is often a preferred method. Granules,
however, often have mechanical stability limitations. Beads offer another
embodiment of particulate supports. Such supports are often prepared by forcing
bead precursors through nozzles to form beads that are later cured into finished beads.
These beads are similar to granulated particles, but mechanically more stable.
Therefore, it would be desirable to find a solution that combines the advantages of
spherical form (bead) with increased surface area typically found on the impregnated

particles.
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These beads are simlar to granul ated particles, but
mechanically nore stable. Therefore, it would be
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of making a catalyst, particularly an inorganic oxide
DEIWIPBDIPHSCRIRITON . Such catal ysts are useful for

catalyzing the al dol condensation of propionic acid or
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present invention and are carried out in the following order:

1. forming an inorganic oxide component;

2. washing the component;

3. contacting the component with an aqueous, acidic bath comprising a
catalytic metal to impregnate the component with the catalytic metal to
form an activated component; and

4. drying the activated inorganic oxide component.

[0009] The first step above, forming an inorganic oxide component, can be
one of a number of conventional processes for forming inorganic oxides. Suitable
inorganic oxides are those typically employed as catalyst supports, especially porous
supports to which catalytic species are to be impregnated and retained on the
support’s surface. According, relatively porous inorganic oxides are preferred. Such

porous supports provide exceptional surface area onto which catalytically active
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forman activated conponent; and 4. drying the
activated inorgani c oxide conponent. [0009] The first
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emplsyingsstansard terknigues. Trem dasiozaler teimiire fRmpiydrasal heads,
whgdg)naﬁ'é ML BBt gﬂﬁ%? g% Wﬁoé& THabedddSndIV¥ c?%glllt ein
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hydrosol beads, which are aY

s | owed to set quickly t
the ormod bbeyttr B droTecop iRy T AU’ FHCR&TIRE), has a pH
L e L Lh
silithieGbIutiea mhieh is oubashrialyt remtrakizeal byt the nrimdrall acahdn which case
the reactants are formed into spheres by spraying in air. As is well known, a partially
neutralized hydrogel (i.e., on the alkaline side), has a relatively short gel time and will
form a sphere in air.

[0013] As mentioned above with respect to silica embodiments, the inorganic
oxide component may be a co-gel. In this event, the step of forming the co-gel
involves combining an alkali metal oxide, e.g., silicate when the inorganic oxide is
silica, a mineral acid, and a source of a second metal to form a hydrosol and allowing
the hydrosol to set. In one co-gel embodiment, the mineral acid may be first mixed

with the source of the second metal to form a mixture, which is then combined with
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the catalyst is used in the production of

ethylenically unsaturated acids or esters, in the form
w@Roobeesis2 t he hydrosol contai ns about 15 to aPGUEPR08/605509

silica (SiQ2), has a pH of about 7 to 8, and gels in a

matter of 20 to 1,000 mlliseconds. This results in a

thesanéam‘rﬁéta &&Aéﬂm&nagwefwﬁ t};{&sslegﬂ{&’m%f $dufde May' il iZCvith

the mneral acl case the redctants are
thefrmnaablamdmmi akdlemetl byids polatipmyiai mseaanate steeams wel |

k iall lj zed h d
a1 KL AGTES b mbual Sy e Sips Ve st e
cate‘ﬂ@'éthn bpdratich SfNBSEmight 8rie td BiPkste tﬁé cABItit QB@Ety2 B¢

th respect to silica enbodinents, the inorganic

metaia ldelud©mmnm tﬁalyumealarrnmngeron pi¢. {Theseleqtion of thess and
Othgl%:l% ﬁa s i {Jv%flrpn Efbﬁlogé) slgﬁtj-:d fnlrﬁ{g gﬁc\ll\ggim{iﬂbﬁ]g)e%sued end

tal € I'norganic
usefithtecatalys) Armmg otherrﬂidftefsa|Foaexainpla,rtdaxauﬁl051 ncaitable a
second netal to forma hy rosol and allow n %
?‘H? Fﬁ ner al

comppnepig|anoxidagion catalystandalugmumdskBey s, pe 2
corﬁédﬁpmﬁnk%ﬂ(ﬁétfo%tcafglﬁ drid V\gathl&hﬁr aﬁl%{[rﬁ 8f McohdM et CANBE

forma m xt ure, i's then conbi ned
identifiett tyeored skilled inmgheadrt, meuogmzmm thasrtpatiitlesinyount pEthe seeond

r m xe th_ th ' I
melfF by pRvE it BPoibing et Setbd mydf sFoRg R RBL
adePR A ffeththe TRGBRES SERICRANItIBR, typue@l&angsxsmh@ ssedind head mlght
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sui tabl e conponent in an al kyl ation catal yst. The
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catalyst (dry basis), althou this range wl|
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o TR o 4R U 300 LSRR g
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simultaneously and instantaneously mixing sodium silicate and acid, and are then
forced through a nozzle. From the nozzle, the mixture forms hydrosol droplets, which
are allowed to set quickly to form hydrogel beads. The size of the beads is not critical
and can vary over a wide range. In some applications, the bead size may vary from
less that 0.5 millimeter (mm) to 8 mm, more typically between 1 mm and 4 mm, the
size range for most fixed bed operations.

[0017] The inorganic oxide component is then washed. When the component
is silica-based, one washing method comprises acidifying the silica-based component,

and then washing it with acidified or deionized water to reduce the concentrations of
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zirconiumortho-sulfate. OQther sources of zirconium

i nclude zirconiumnitrate, zirconiumsulfate, zirconyl
w@k00o0dxiez and zirconyl brorgi de, anong ot her s. POEEPIAS005509

for preparing silica-zirconia co-gels are well-known

in the art and some such nethods are described in U S
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[0019] The was inorganic oxide component 1sg[hen contacted with an
aqueous, acid bath containing a catalytic metal. The conditions of this step, such as
the contact time and temperature, are chosen to allow for impregnation of the
component with the catalytic metal to form an activated component. Preferably, the
conditions are selected so that the reaction between metal and surface hydroxyl
groups reaches or nearly reaches equilibrium. In most cases, a certain metal loading
is targeted, for example, targeting 6 wt.% cesium (dry basis) on a gel with a surface
area of 350 m*/g. The specific conditions will vary depending on a number of factors,

such as the type of the inorganic oxide component, the hydroxyl concentration of the
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prepared. For exanple, it is believed that the

i norgani c oxide in the conponent is redistributed,

Wpe@beoxRt y in a benefici al ghay, during t he waBREI/BB2008/005509

process. Potential beneficial properties include
enhancing the attrition of the final product and/or
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€s or nearly reac S equitibrium ’nost cases,
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eratures C
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enperature to, up SC or gher. A contact tine
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ange, keeping in mn he solubiTity limt of
especially prefarradealtiougiFetrong acids can also suitable if approprlately dlluted
Formic acid or acetic acid are particularly suitable for manufacturing the catalyst
impregnation bath of this invention. The amount of acid may vary over a wide range.
When the inorganic oxide component is a silica hydrogel, the amount of acid can be
between 0.07 to 0.12 grams acid per gram silica hydrogel at pH of 2 to 3. On the
other hand, when the bath pH is around 6.5, the amount of acid could be small, e.g.,
0.0004/g.

[0021] The acidic bath may include a salt of the catalytic metal, and the

catalytic metal may be one or more of the alkali and/or alkaline earth metals, as well
as other metals. In cases where cesium is used as the catalytic metal, it is mixed with

water in the form of cesium formate, cesium carbonate, cesium nitrate, cesium

acetate, cesium chloride, etc. The acidic bath is preferably buffered to prevent drastic
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exanpl e, the concentration of netal may range from

about 2 to about 8% by wei ght of the bath, depending
wW@poovhes7emt h' s pH. Lower pHs, requi re hi gher meREI/EP2008/005509

concentrations to |ay down effective catal yst | oading.
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sepprate yib e dsied compenent mpayshemnbs epdcipgd, ; Whethritocalging granot

A v t i e -
kS By GPML okl 004 ) B0 5, CRRER Rl PR s o
calcippionprre e kpodh tathede skidedringhaarit.dThe calcieatian eoriditions ean

arti.cul arl.y. itable for manuf acturing the .catalyst
be BhiGHHLFRHc BN PR & FROERE R s
con®$dsHioMRY thedihBrgamRloxadeMHdenteAdddieuse Vh e dabiyst,ed. gani ¢

oxi de conponent is _a_silica hydrogel, the anmount of .

aci 034 Thrcatlysteefthis ipventionahaybegysadin Begdbedeand dludired
eS8 s B Gt o (R AR o
mad® UTlt daealgsiminhy aBo e gréind@fd hged sGo2tprskrecfacned mtdat h
ool gy St e s Ry
dicRRA/BY th@bésel RRd B8 sfhEBAtalySts aA® tHeRbhdiGisnP& e thEt chlduse.
In cases where cesiumis used as the catal ytic netal,

Partiglejsizesfor dikedibed catalystparticlesrangeofrom dmre de plawt B gnmrer darger.
Pargglgis% £t rle%l%cF’bedCa%Biiwogg Heagtegeraﬁ)e’ ?ésy{ﬂan 1.0 mm.

[0025] The porosimetric properties of the catalyst of this invention are
particularly advantageous. These properties include increased pore volume, pore
diameter, and surface area of the component compared to the same catalyst prepared
using an alkaline impregnation bath. See, for example, U.S. 2003/0069130. Specific
values, however, are to some extent dictated by the end use of the catalysts. It is
believed that, in many cases, the higher the surface area of the catalyst, the more
active the catalyst. Moreover, as noted above, the invention maintains relatively large
average pore sizes, and therefore, catalysts prepared from this invention can be active
for a wider range of reactants. Thus, a pore volume of at least 0.80 ml/g, surface area

of at least 300 m%/g and an average pore diameter (APD) of at least 8.0 nm are
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acetate, cesiumchloride, etc. The acidic bath is
preferably buffered to prevent drasticdrops in pH
W@ b@pger2z hat woul d adversela%/ af fect the i nor geeii/EP2008/005509
oxi de and/ or deposition of the catalytic netal onto
the support. After the inpregnation step, the
des:uﬁglre gﬁ‘ﬂiaﬁ Qﬁeg evvff}?g?r@ %ﬂfmé §u1‘?§c%'5?é11 ana‘i)to&‘é’ @Jlﬁﬁile Cfﬁsured
an attive cat I'c conponent 1s inpregnate
by BEAY MOd[sm%PMBmg&blcylat@ler BRdhmsasufenndngs. hfloress

that e m cat al t al
invEfin SeARTa0Y Sl Pt Pl Pork oS e aiffom B SR hye to
aboMB 1 AMth1/€ A8HHER ar¥dstoF 25931&2@10%@%5% th¥tg Ligh BSMEE/gab about
abgut 4 to about 12 % by weight on a dri ed basis bei ng

4501mr9/e merpitypi¢al. k\@@lzcayaterdw@boazex it tsaieémahlﬁ thatjeiayeiggs pere
dlaﬁ%@ 8?&1?1& %‘p Q%e Cng BP&R th, glt)(ﬁredar é&'tggl tﬂfgsfmolﬁ gx\é %8 that

onen onent
thedéaowixtst 0 thayesired end nwﬁaheéawheh\e ya150) 0 | sﬁ;fﬁ)ck%of dle.?da%i)tsy The

i ght i sture content Typically, atal yst is
APl depardhy S5t RS Bl it st e Bnghcalilisty s the

loaﬁ of @5@ Binfetdl r1n b c‘%ta?fd? HcdaSes! fHetAPl§ ey ﬁ)doe towards the
onen may t hen be cal ci ned. "Whet her to cal ci ne or

lowmtencuebtdan dangeag. getm M?thddts in thee igage of im &tam, while ahihe
loaig o &S e B e AT GRS 8 o e i o1 e range

of ARDCE Bt B8 rapRdifllil @935 aa be determ ned enpirically
and depend on a nunmber of factors, |nclud|n8 t he

conff936} Thaseepe pﬁ@eumv_ﬂnglan ione ¥ gy, wepintended tribrilimited by
the%&aﬁlﬁgs géltt@lltléfﬁ low Efys ar e aﬁsh&?f el strgtgﬁr% of the

| hve I on may e USG N | Xe | Ze
claam;n!l incattioan $t shbmldvhlm undested, idveeves ttlat ylet mvcrﬂgonbemtslanlited

ntheir er|] m as de. The catal ysts may
tOthF§ &%@Eﬁ&téﬁ‘h}lﬁg&ewp wders or reformed into

gr a[uekep AlIRRtt @S perd@HARIT B ex@pR AWt AShe fdnthihdr BF

of the catalysts i1s primarily dictated by the desired

thesperifiension whidhereess tl spdideompasitipes erenrantigHens, are bygweight

unl%%ﬁth q‘ﬁ'ﬁjse %?g"ﬁ%‘g‘?; (tr:%%eﬁtﬁ%]i(%’g %g %%%{)&%%%@? gﬁe t\%lll}/rﬁé unless

nm or ger
othPavitd speeifiedzes for fl ui di zed bed applications are
gener |l ess than 1. 0025]. The porosinetric
pr oﬁ’ﬁH Burthsr, %rwerale%&%ﬁ ropiiein I WROGRA G claims

suchak ki %p@ééemn?giygmaaw of Jﬂasa%ep RARSHE in8Ssukd) ebitiBons,
i ncreased pore vol une, pore |aneter and surface area

physical states ormmﬁagee,oﬁpmmdtt@llterﬁélysamp@rateaﬂxymssly herein by

refée)r 28 e elé%lgg gf’j'é{d&';“{}’gé &i@% @; 1 isgnl?}angg 193{15}1hg %S}e Subfsg){ of

numbers w1th1n any range so recited.

" Surface area and pore sizes reported herein are measured using BET techniques. The ranges
above and the results in the following examples are measured using the following conditions
on a ASAP porosimeter.

Measurement Type: 13 points (Point 1 top 5 for surface area, 6-13 for pore volume).

Fast evacuation: no

Leak test interval: 120 sec

Equilibrium interval: 20 sec

P/PO tolerance: 2.0 % 1.0 mmHg

PO interval: 60 min

Fixed dose: 0.0 cc/g STP applied up to 0.0000 p/p0

2 Average Pore Diameter (APD) calculated by the following formula: (BET PV x
40,000)/BET SA
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val ues, however, are to sone extent dictated by the

end use of the catalysts. It is believed that, in many
weamessrehe higher the surface area of the catRCHEP3008/005509

the nore active the catal yst. Moreover, as noted

above, the invention maintains relatively |arge

averRAMPPES Sizes, and therefore, catalysts prepared

fromthis invention can be active for a w der range of

reaExamplsl Thus, a pore volune of at least 0.80 nl/g,

surface ajeaof | east 300 nR/g and an average pore
di a : His#lat | east 8.0 nmaredesirable in many
Cas@IVAlixRRE 6f MOPRITR, acfdi2U 0@ gA(16 awtdn Gofkhtratid) wiiRed
measur ed bé BET1 net hods; and APD bei ng cal cul ated

with zisaerBET anthasuinkate (850 ep(1Be. %ororsaniration)and sedipm silicate
(LSBT, SO R A A PRI 63
(sulphuribacitl +55fonRirgorthwi-tuiplf) toRédjunoilivatif 14BD TR/ gplation

. more typical. As_ indicated above, .it . is.desirable th
timg eless DR 68 355P e BEAdSaFe (ORBeR g Bir chripk Rkl o he
miRRARIE Ble REZRAGY foRectiBE pBLN THRAEGH the/INetisPpd &

the reactants in the deSired end use can reach the
adjiistecetorptl 083101 Siliva/zixconin&Sican) dygrogel briads apmollected.

generally affected by the catalytic netal |oading in

t hegfebnalwedis) B8 THe Bé&dst he | oadi ng of catalytic netal

in the catalyst increases, the APDis likely to be

t owHI0d8] Therecovased beads afe warhed inypsious sigps intdrdergpppduce the

falls. | K Of 8.t i /
congriobs el AP, The8ad U o Suctl VPR fidcess
that fleinpgyhe perrdtrattuidundmedenioal stiehpthef the, materialn dheavegbing

of 11 to 15 nm [0026] The scope of the invention is
PIOResS SISRS SAPIEEy i ntended to be linited by the exanpl es

set 5f Qhtiing %Iitg\’é’%llp_ﬁnﬁc ﬁ?qa BluESn 8l $H 2ives aﬁQO‘Qﬁﬁ)@ i1 R hGurs;

illTustrations of the clainmed invention. It shoul d be
undby datdugithe somporent sit liman amwmoniasehttionat pPH Myt 0.0iakv $Ee
fOrt the specific details set forth in the exanples.
f * All parts and percentages in the exanples, as
vel b) agshifg il siptiuiideciddoldtion a8 pHA.0 -Gl atd3-443Cdbr 20
refers to solid conpositions or concentrations, are by
mipesy Hie SR reReatest hamgs:®dspeci fi ed. Concentrati ons of
gas | iHigedh Yol BSRirRtAeWSRS repeated 2
spegf??%ﬁbéngggfﬁgﬁ??ﬁggehggscrg%ge of nhnbe?? P
timeecited in the specification or clainms, such as that
representing a particular set of properties, units of
Neaginhe: IEHRcinkiiSNOf TREYSIdfeHe] Bbaf WithUeshf CENt ages,

Is intended to TiteralTy incorporate exﬁressly herein
by [0031] The Si-Zr hydrogel beads are impregnated with 6 wt% cesium formate

solution at pH 2.5 (buffered with Formic Acid) at room temperature for 2.5 hours.

Step 4: Drying Of The Hydrogel Beads
[0032] The wet hydrogel beads were dried at 90°C for 18h in an oven. The

resulting dried, activated catalyst had the following properties.
Results:
Surface Area (BET) =361 m2/g
Pore Volume (BET) = 0.90 ml/g

Average Pore Diameter (calculated) = 10.0 nm
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reference or otherw se, any nunber falling wthin such
range, including any subset of nunbers within any
wWo a00geo¥e2 recited. 1 Surface,area and pore si ZBGI/EP2008/005509

reported herein are nmeasured using BET techni ques. The
ranges above and the results in the follow ng exanpl es

ar eTHRAVYISik é&kéﬁg@moé@g@w ng conditions on a ASAP

por osi nmeter. Measurenent Type: 13 points (Point 1 top

5 f Cesismr(Carceontantd3.18v¥3db or pore vol une). Fast

evaguat i.on: o rvaI 120 sec Equilibrium
i nt GFGYHUm L4 CSB%B}(PB%}S ‘1V‘e)1 QBce: 2.0 % 1.0 mtg PO
interval : 60 mn Fi xed dose: 0.0 cc/g STP applied up
to ngp/ pg 2 Average Pore Diameter (APD)
cal ;SQ( Mitldnel dapd E&QN\/@& Hr@ﬁd?éﬂékfo(lgﬁ_ Pl 2esults show
40, 000) / BET SAEXAMPLES Exanple 1 Step | : Bead Run O‘f
mcfe(asmg]avcﬁam maraveluofe and| avkiage poraliamgten 8otheH ¢fithewt .

imS2ncen rb %ovéw a<ed with zirconiumortho-sul phate
}fggrba é’fl f Y§Concent rati on) and sodiumsilicate

(12567.58 g) (17.5 wt.% Si O concentration) is run off
inﬁ_ﬂ_xﬁgéﬁmzﬂ_ﬁte:i f] vvitharatio(sulphuric acid +
Zir | d ' o
Theﬁ@gl“gglg%‘%}?ﬁg% gg ?‘“@‘ﬁ%ﬁ‘? r?g‘m S/ZCOH dpq{) I*nn‘?médswlth
1 k@&&d&nam&)rfmr—smhﬁatd’(m vet%@a¢ancehtratiog) arddel X kg ghhum-fsﬂtch'e
xture fromthe nozzle to.a collectin

NP S0 {eeRBRoBL PR BB 4 BIinE e dRMIB saG fulphyic
ac1é;LiJ il&aﬁlah{ &%{H ﬁjl%@tql)@) Sod YAl Det@te Lraasts ﬁ{eege@ézidnq%@@as

ep 2: Washi ng he Beads [0030] The recovered

lesb@anl gnamomgmétheubnadsawrg uﬁ@n@tdepéhq awr durihgrthe dighe afithe

entr on O Url t.l es
i R BlR Sl o by TR AR AL Bo e
adjpsie@toSHH U£4 .01 @rﬁﬂfb gasthoanhe @ddlﬁhrsﬂi’d:gtehv&fcobl'dﬁ to 7 °C and the

mat eri al . The washi ng Frocess st eps corrprl se
sulphuric acid + zirconium-ortho-sulphate mixture to 4.5 °

Step 2: Washing Of The Beads

[0035] The beads were washed in 12 steps in order to reduce the concentration
of metal impurities. The steps were as follows:

a) washing with sulphuric acid solution at pH 3.0 at 40°C for 18 hours;

b) additional washing with ammonia solution at pH 9.0 at 80 °C for 3 hours;

¢) washing again with sulphuric acid solution at pH 2.5 at 40°C for 20
minutes, which was repeated 5 times; and

d) washing with deionized water at 40 °C for 15 minutes, which was repeated

5 times.

Step 3: Impregnation Of The Hydrogel Bead With Cesium

[0036] The Si-Zr hydrogel beads were impregnated with cesium formate
solution at three pH levels and three different cesium concentrations at room
temperature for 2.5 hours. The pH and concentrations for each are indicated in Table

1 below.
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a) washing with sul phuric acid solution at pH 2.0-2.5
at 20C for 18 hours; b) letting the conponent sit in
w@eooaeased a sol ution at pH 9,0-10.0 at 75C f or PAI/AP200EH05509

c) washing in sul phuric acid solution at pH 3.0-5.0 at
35-40C for 20 m nutes,

Tm@h

the step repeated 5 tines;
jwashing with deioni zed-water at 35C for 15 m nutes,
e step repeated 2 ti

mes. Step 3:

and

| npregnati on & The

SaAngjsle NalmdBe
beads are in
sol uti on at

d WpH Ces
pr egnat ed
pH 2.5 (bu

um CHeaikcknfrhtioiof #re hy (

Mth 6 wt% cesi.um fa i
iEiRsaEYAtion SOBH IR WALT G

ir ogel
e

at room

Tenmpgrature
Hvdr ogel Bea

for ggd ho
ds [0032]

irs. Step &3 ¢Drying O
he

dri ek at 90C

At 1t vt AA A~
actT vat ©Tu \¥Z

L for6.08h i

har
rmrayd

n an oven. 4Be resulting

+hao fAll
11T T UTr'T Uy

Resul ts: Sur

-OWHRg—propertie
BET) 361 nmR2/ g Pore Vg

he

Ver e

) dried,
S .

Dl une

(BE@] = 0. 90
10. 0 nmlot al

m 7 goAver
Volatile

nge Pore Diageter (calcy
content @50C = 8. 4% Ces

Il at ed)
5i um (Cs)

contBht 13. 1

dh

w % 8b Zi

rconi um ( Zr4.6cont ent ]

v

L. 04 wt %

annl A~ 7
o0 AP 4

prepared as

[ ONAQ1] s
|| Il

addi +: Al + | ot
adu’dr i uiTtal cataryotsos

he results show i ncreasi

wer e

ng

aver@ge poreg
pH of the |

fol | ows.
vol pge an
on

nregnat |

H aver age popge di aneter,
bath is |lowered Stepl:

as the
Bead

Run @X f [ 003

4] A2Ai xtu

re of 25 kg#-6ul phuric aq

id (15

0/ =y -+
th 70U CUTTCTTIU 1

Zi rconi um or

A AY 3
at 1 UIT) A

t ho- sul pha

pu | ) 4 |
FU VW T1T 1 Ry

e (18 wm % concentrati of

1) and 13

kg sodi um si
run of f

[Tcate ( 1

.5 W% SI O2 concentrati

on) was

in a mxing nozzle with a ratio (sul phuric

aci 8tep 4z iDryorgi Qi oy HhdrogellBdads ) to sodi um silicate of

1. ZFUOS;P%hg \?vletaltl}ilﬁggetl ibgaedsV\v@esfe dried at 80°C for 18 hours in an oven

resulting in a total volatile of average 5.5 % when measured at 950°C.

Pore structure results are shown in Table 2 below.

Reducing the pH at a given Cs loading increases pore volume and average

pore diameter. Particularly advantageous results were found at pH 4.0.
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| ess than one second and the beads were forned in the
air during the flight of the mxture fromthe nozzle
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were found
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washi ng said

contacting said conponent with an aqueous,
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sai d conponent with said catalytic neta
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and drying said inorganic oxide
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conponent to formsaid catalyst. 2. The nethod in

accordance with claim 1, wherein said acidic bath has
wa@2@bloaf72bet ween about 1.0 d about 6.5 at thePCEREP2008$/005509

the nmetal inpregnation. 3. The nethod in accordance

with claim2, wherein said acidic bath has a pH of

bet ween about 3.0 and abgyt, 5.0 at the end of the

metal inpregnation. 4. The®t hod in accordance with

any precedln aim .wherein the a us .acidic bath

i s” prepaftdbet g%‘?c "éﬂlf“}a&? %Ptﬂéi%cﬁﬁlpﬁg‘ﬁ& OFNg AR IoLgARc opfide

rﬁ\m&m %vagmng sai@ co%BSnéH%tdaﬁf&chﬁ%éé?& S6:HpSHeRt With Bn ah@ddls,

whérein the aqueous aci dic IS prepared usin
am@m baihi amipeisingg catabydie metat lmsﬂmmagletecsﬁlded@umon@ttvatlssal
n _acc e wth an recedin
carglls B! Shfolm 4B AL g e b (R ik B8xghuf lidg
corfRirincCotfainy ki@ calysd. , wherein said catalytic netal is
selected fromthe group consisting of alkali netal and

2. al kahé nethodii hecondanbe with e 170 said acidiortairics aygH bf

Cl al ene al t t t
beck ol yURBp Ry f B elapBof bRl imBieed il G200 ©
3. W th oy g'nggé od M;L%é ﬁlc%g%:la\ﬁ} Gainfh WhéreilBLA acldic Bﬁﬁ 'hHéT&

and sai ec rom the group consisting o
pHeé betweer aba Ak and abeyt Lifat begnd ef ﬂ@wtﬂmwa@@

ces umnitrate, cesiumc¢hloride, xtures .t her eof
e Aot feroREt i Prheding & i ¥erRin dpe, Ageous

acmhh ®datiip prephddiusing@antid avinge pi@mmaherﬁnge ofrasdus @30 5.
silica. 10. The nmethod in accordance with claim9,
5. wher eiThesmitbodsinl dccerdamepritlsesins #) wikaeigehe aqudoesrridic bpth is

preE;erefi 9§1§% ?\9 a@i@'hgwigl Ligka: i %he LARPLS %%tﬁ% ﬂ&g_ng an al kal i

Icate wTh a mneral "aci orm a hydrosol
6. and althewhétHod @i Qccbbﬂih% G«llthtéhy%ﬁécedﬂng claihﬁ vk 1A GaidMhcidic

bar) S BOrRres bl L Pidieali g artereb gl cRONpY PEed i
seleomblirorn tige groupbdsistingef alkak mletad ahé alkalimg ewethahetakci d,

and a source of a second netal to forma hydrosol and
7. al | oniThg methefl inancordance with elaim®, whercipsaid salt iha salt of said

catAGEOMIANERI Rirklt &iidi m 11, wherein the conbining step

8. The method in accordance with claim 6, wherein said catalytic metal
is cesium and said salt is selected from the group consisting of cesium
carbonate, cesium formate, cesium acetate, cesium nitrate, cesium chloride,

and mixtures thereof.

9. The method in accordance with any preceding claim, wherein said inorganic
oxide component comprises silica.

10. The method in accordance with claim 9, wherein said silica comprises
silica gel and the step of forming said silica gel comprises mixing an alkali
metal silicate with a mineral acid to form a hydrosol and allowing said

hydrosol to set.

11.  The method in accordance with claim 9, wherein said silica comprises a
co-gel and the step of forming said co-gel comprises combining an alkali metal
silicate, a mineral acid, and a source of a second metal to form a hydrosol and
allowing said hydrosol to set.
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conprises first mxing said mneral acid with said

source of said second netal to forma mxture then
wa@eoobiosd7ey said al kali netal,silicate w th sai BCT/EP2008/005509

m xture. 13. The nethod in accordance with claim 11 or

12, wherein said second netal is selected fromthe

group consisting of zirconium titanium alum num and

iron. 14. The nethod in accor dance vvi th claim13,

whe ai,d_second mat a rce
r °5fs RsftRarn BBt ity Fl, NP OifubiRlag 2"
corpprizgs Gitst nadmgksyldtrtmeepi wémth@xdaawrc@fof chidisaeond mejali 4.
to f%ﬁg amﬁ %Bm'bfhngégé?ﬁ SRAG Sl KitichledlitA dapd mifigfeei N

pro as an erage pore dianeter of at |least 8
13.nm THJ met"ﬂa)a P hQBEdEnce With cl@mdansia 2Mvhérefil ldRetdndmethbis

t he roduct has. a surface area of 250 t.0 550
selépiciromgne SRub GIAIBE OF Fircra by AL e ey, gdiforty
16, 19her ghéimletRd i BEHdEdanbesith cdithnf 13¢ &hare@isaid setbnd @& is
300 n2/g. 19. The_ product in accordance with claim17,

zummm 3¢ spuresiefcaircRpdImpis Zifeorivm osthezsulfagso t o 450

20. A nethod for ngki n a _catal ist conpri sing
15t1i4p@ pg@%grn@fle bxmrﬂmomy veéﬂnins heeaf silicate, a

al acid, and source .of zirconi ym t o, f
1641y o BEBIOGUFHh 2FI0EIANSE YAtk i Sgtein fegiedyebhaSahy, o
avetapeqire diamgter nfatdeast 8 mmn. geI contacting said co-gel
wi th an aqueous, acid bath conprising cesiumto
17.i nifhe grosiuet inacebrdancgevithyilaim Eaol cadieremn the produet has

asﬁ@&cb\é?éa%ﬁ@%)%@ﬁ?/ wher ein said bath has a pH bel ow
.0 at the end of t nmetal inpregnation; and drying
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rdance with claim2 1 wherein the

19. pﬁfl’e %r%td\éa%? a@co?&ﬂh hac'iaqﬁ 101f w%ﬁe fﬁ%%ﬁg&%ﬁq}sjagsmﬁﬁe area

In accor ance wth erel
OffbiQinﬁ‘éf)rm$ a surface area of 350 to 450 n®/g.

20. A method for making a catalyst comprising the steps of: combining an alkali
metal silicate, a mineral acid, and a source of zirconium to form a hydrosol and
allowing said hydrosol to set to form a co-gel; washing said co-gel; contacting said
co-gel with an aqueous, acid bath comprising cesium to impregnate said co-gel with
said cesium to form an activated component, wherein said bath has a pH below 7.0 at
the end of the metal impregnation; and drying said activated component to form said

catalyst.
21.  The product made by the process of claim 20.

22.  The product in accordance with claim 21 wherein the product has a
surface area of at least 300 m?/g.

23.  The product in accordance with claim 22, wherein the product has a surface
area of 350 to 450 m?/g.
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