WD 2009/ 105248PCT/ US2009/ 001091 - - PRODUCTI ON OF SHAPED SI LI CA-RI CH BODI ES
FI ELD 100011This invention relates to the production of shaped silica

bodi es amstotzeoatos24ase of shaped bodi es 35 catal ysts i n ecgarse@9®Omyer si on
reacti ons. BACKGROUND [ 0002] Many i ndusfrial processes enpl oy catal ysts
conprising a catalytically active material supported on a shaped body or
bound in a shaped body. Exanples of such catal ysts include supported

nmetal s, supported net abreapieXxes, setEposiads ofganesmtzal | i cs, bound
zeolites and bound zeolite-type materials. The shaped bodi es used in such
catal ysts are typically nmade of refractory inorganic oxides by formng a

m xture ofFf[EAd)or several sources of the inorganic oxide in a suitable

¥ehi clde, such as water and/or an organic solvent. The mixture is then

ormed into various shapes, generally by extrusion, and subsequently dried
and cal ci Wi o prodiienveatipngglates ym@é%thmﬁ@}mdaﬁﬂd‘&g@ e%é%ﬁsed as

catal yst carriers hese, bqdi es t have appropria sur e properties,
si zes, shg‘b&e %&WBE‘?PP@?S@B cglgﬁyvs tnplgr%ag'@? Fg - %‘g’&rﬁ%g&ﬁfnsagt i \F;e
materials. The shaped bodi es nust al so be strong enough to enabl e catal yst
handl i ng, especially during reactor |oading and unl oading, and to sustain
the condi BACKGRGUNDced during the intended catal ytic use. They nust

al so have appropriate porosities and shapes to avoid high pressure drops
across the reactor and allow the desired catalytic reactions to take place.

[0002] Many industrial processes employ catalysts comprising a
catalytically active material supported on a shaped body or bound in a shaped
body. Examples of such catalysts include supported metals, supported- metal
complexes, supported organometallics, bound zeolites and bound zeolite-type
materials. The shaped bodies used in such catalysts are typically made of
refractory inorganic oxides by forming a mixture of one or several sources of the
inorganic oxide in a suitable vehicle, such as water and/or an organic solvent.
The mixture is then formed into various shapes, generally by extrusion, and

subsequently dried and calcined to produce the final shaped body.

[0003] In order to be used as catalyst carriers, these bodies must have
appropriate surface properties, sizes, shapes and porosities to carry the desired
‘amounts of active materials. The shaped bodies must also be strong enough to
enable catalyst handling, especially during reactor loading and unloading, and to
sustain the conditions experienced during the intended catalytic use. They must
also have appropriate porosities and shapes to avoid high pressure drops across

the reactor and allow the desired catalytic reactions to take place.

[0004] The choice of catalyst carrier will depend on various factors, such
as, for example, the intended catalytic use, the type of catalytic material used,

the required catalyst strength and the required diffusivity across catalyst



[ 0004] The choice of catalyst carrier will depend on various factors, such
as, for exanple, the intended catalytic use, the type of catalytic nmateri al
used, thewoeguimsnscatal yst strength ang the required dipCruskeootoyi0acr 0ss
catal yst WD 2009/ 105248PCT/ US2009/ 00109T - 2 - particles. The nost
commonly used carrier materials have included alum na and m xtures of the
sane with clays for the reason that these materials are very easy to

extrude apgrtictes!! Thé mdsheommacigtised cafriecmeterialidhdve irtided alesiinabhé
physical strength as well as controllable diffusion properties. [0005] For
certai n camiztures of theosarse ¥dth slayh far thehesagsem that shese matamalharoYeri @Syt her
oxygenates to ol efins,

it.ig desirapl i|ica.
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past prov A ' { L ca-rich mxtures in conventional
ext rudi nggga%t%régﬁg&! gggﬁ%ﬂ%@gg@:gg@@b@mﬁe. poor nechani cal strength.

This is particularly problematic in the case of crystalline silicate
catal ysts, such as zeolitic catalysts, where the catalytic material itself
i s silicaf0005h (thatForseroain eatalytierprocesses SChwsheiconyersion ohowtianel

solution to_ the probl em of oducing sili t t ith i d
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sufficient to have a total solids content of from25 to 75 wei ght percent,
t he al kal iequipnaént ctemds uted glives yoduicts dwith poommoecitanddal f stoengdh 25 Thas 19

wei ght percent on a dry basis based on the total solids calcul ateq as
sodi um hy@ﬁﬁ)&ué@l)écﬁlpbélf@ﬂﬁtc, B fhededsengl grystabing; ?’n‘l?‘ﬁ@tet ﬁéta&%ua%‘iq!e@?
zeolitic catalysts, where the catalytic material itself is silica-rich (that is contains

more than 50 wt% silica).

[0006] One solution to the problem of producing silica extrudates with
improved strength is proposed in US Patent No. 4,582,815. This patent discloses
a method for extruding silica-rich solids which comprises mixing the silica-rich
solids with water and an alkali metal base or basic salt followed by mulling and
extruding wherein the amount of water added is sufficient to have a total solids
content of from 25 to 75 weight percent, the alkali metal compound being added
in an amount of from 0.25 to 10 weight percent on a dry basis based on the total
solids calculated as sodium hydroxide equivalent, and drying and calcining the

extrudates.

[0007] The extrusion method described in US Patent No. 4,582,815 has
proved very effective in producing silica-bound catalysts with crush strength
approaching that of extrudates made from alumina. However, when practiced on
a commercial scale, it is found that the extrusion is accompanied by significant
loss of solids due to the phenomenon known as “feathering”. This means that

the extrudate, instead of having a smooth outer surface, exhibits microscopic



[ 0007] The extrusion nethod described in US Patent No. 4,582,815 has proved
very effective in producing silica-bound catalysts with crush strength
appr oachiwg 2évatosm extrudat es nmade frory al um na. Howevecr/ushea/oproact i ced
on a commercial scale, it is found that -“t"he extrusion is acconpani ed by
significant | oss of solids due to the phenonenon known as "feathering".
This neans that the extrudate, instead of having a snooth outer surface,

exhi bits Ri£ok@SHO itk Csuri¥oe2RB8tcl QB PakESST00RAMRTDI DT -th8 extoudatkhaive its
surface where small flakes or "feathers" of the extrudate have separ ated
fromthe sepdrated. fibm shaosurfadey cbhisewot| osly efuses| lesp|@f valugblescatpdysri al

but also tends to inpair the,physical, K strength gf e extryudate. [0008] It
has now b&atcHalbut %}en@ﬁéo H‘P‘B%‘l‘é Bbyswéa%w&gﬁhﬁ%nﬁﬁ’éﬂﬁﬁg%rusi on of
silica rich mxtures can be reduced or avoi ded by enpl oyi ng potassi um
hydr oxi de i nstead of sodi um hydroxide in the process of US Patent No.

4,582, 815{00¢8y only It hab heow dsenofoid tisis the problemdof FAenthdiengXduriagon
process reduced by the use of a potassiumderived alkali netal base or
basi ¢ sal extrosipnab silitee richushixsunes neptnh bef redveed i oralavoided bydempdeiog i s
i mproved. [0009] US Patent ,Nos. . 6,576,120 and 6, 709,570 di scl met hod
for prepaPPH§SRIR QEQ@HEdHﬁF?QiOﬁgSOfSWSh)ﬁﬂHXQCI ﬁ"cg‘evmo&ﬁs%{?ﬁgﬁ g’@ge;nt( a)
prepari ng,an bl i L Xi Qr gho .
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m xture h%&‘&é&s fedifdcBYyoilfe luse I aSpiRaSIuRDAdrYvelislk Al reaDPAsR drbdshesdli,r st
honogeneous m xture such that the pH of the resulting second m xture has a

val ue of &aouBoghe chishesttength ofjthehfinaldatcined prodves & ingsroivedng from st ep
(a), (c) drying the extrudate resulting fromstep (b); and, (d) cal cining
the dried extrudate resulting fromstep (c). However, not only do these

et ent s, Tlasho 209 08 RS0l L R0008, cARKE FHLRRGLRS e
oLner S0 PTG Sampne LS gL e batpans
Publ i cat i an dXtnidableiRaOb% MMREMExinAlZShefs S atbemorphous precipitated silica and

an acid colloidal silica into a first homogeneous mixture having a pH below 7

and subsequently adding ammonia to the first homogeneous mixture such that

the pH of the resulting second mixture has a value of above 8, (b) extruding the

extrudable mass resulting from step (a), (c) drying the extrudate resulting from

step (b); and, (d) calcining the dried extrudate resulting from step (c). However,

not only do these patents fail to address the problem of “feathering”, they require

the use of an expensive acid colloidal silica and the provision of a scrubber or

other gas treatment device to remove the ammonia vapors that are necessarily

released in the drying and calcining steps.

[0010] International Publication Number WO 2006/026067-A1 describes
a method for the manufacture of a structured body, which process comprises (a)
preparing a batch composition free of organic solvent comprising (i) at least one
particulate inorganic material, (ii) at least one particulate silicone resin of
average particle size 700 microns or less, and (iii) water, and (b) forming the

batch composition into a structured body. While this method provides shaped



a nethod for the manufacture of a structured body, which process conprises
(a) preparing a batch conposition free of organic solvent conprising (i) at
| east onewpaniywsd4at € i norganic material, (ii) at |east pomaspawbimul at e
silicone resin of average particle sizé®700 mcrons or less, and (iii)
water, and (b) form ng the batch conposition into a structured body. Wile
this method provides shaped WO 2009/105248PCT/ US2009/ 001091 - 4 - bodies
Wi th excelpb@ibs WitRRREEN&] propertiRGlit Teguitéietheasedsf silitomorginsethansan bat can
be expensive if used on a'very |large scale. SUMVARY [0011]In one aspect,

t he i nvenekpensiesifdssdion avemtlargt ssfald.or mi ng a shaped body conpri si ng
formng a mxture conprising a particulate silica-rich material, water and
a potassi um base or basic salt, wherein the total solids content of the

m xture i 1mé§{)_gut 20 to about 90 wei ght percent, extruding the m xture
into an e ~—drying the extrudate, and heating the extrudate to a
tenperature of from about 300C to about 800C. [0012] Conveniently, the

pot assi um base or basic salt is potassium hydroxi de. Typically, potassium
base or bgebld]salt iln emkledped, the inverntiore residesn imnoum¢thod 6f dormaimgua 0. 01
to about 15 wej ght percent, such as fromabout 1 to about wei.ght percent,
on a dry @h@pegi,g ; }@%tg sﬂ)lg%"éﬁggn t he

edy comprising Joppingsa M WE FURPEENE R P

total solids content of the m xt.ure 00 .5Q,.1,C | e tqt al

solids c oﬁ‘?%ﬁrtlglofw?tﬁé atxﬁc&flupé@aﬁguﬁnr gﬁ%e ojf3ﬂ>§1<§ salt, QN [i'lrié Yotal I~Eec')lltdg
content of the mixture is from about 20 to about 90 weight percent, extruding the
mixture into an extrudate, drying the extrudate, and heating the extrudate to a

temperature of from about 300°C to about 800°C.

[0012] Conveniently, the potassium base or basic salt is potassium
hydroxide. Typically, potassium base or basic salt is added to the mixture in an
amount of from about 0.01 to about 15 weight percent, such as from about 1 to
about 5 weight percent, on a dry basis, calculated as potassium hydroxide

equivalent, based on the total solids content of the mixture.

[0013] Also, conveniently, the total solids content of the mixture is from

about 35 to about 80 weight percent.

[0014] In one embodiment, the particulate silica-rich material comprises
amorphous silica. In a further embodiment, the particulate silica-rich material
comprises a crystalline silicate, metallosilicate or silicoaluminophosphate. In yet
a further embodiment, the particulate silica-rich material comprises a mixture of
amorphous silica and a crystalline silicate, metallosilicate, and/or

silicoaluminophosphate.

[0015] Conveniently, the method further comprises mulling the mixture

for about 1 minute to about 2 hours prior to said extruding.



about 35 to about 80 wei ght percent. [0014]In one enbodi nent, the
particulate silica-rich material conprises anorphous silica. In a further

enbodi nenvo 20éveiopasti cul ate silica-rich_nmaterial conpri ges/usampsioal | i ne

silicate, netallosilicate or silicoal ur‘n'srfophosphate. In yet a further

enbodi nent, the particulate silica-rich material conprises a m xture of
anor phous silica and a crystalline silicate, netallosilicate, and/or

si | i coal um nophosphate. WD 2009/ 105248PCT/ US2009/ 001091 - 5 - DETAILED
DESCRI PTI ON [ 0016JThe present invention is directed to a nethod of form ng
a shaped DETAILERPDESCRIPTIONNgG a nixture conprising a particul ate
silica-rich material, water and a potassium base or basic salt,

particul arly potassi um hydroxide, wherein the total solids content of the

mxture | T(I)d';l%fm abo%heéﬂg%%ltﬁgg%&gé&? éé"@fr%ﬂad Q@racﬁ@fhodTgffdrﬁﬁH tl ﬂﬁlged

extrudat e hen drie a tenperature of from about 300C to

about 8006ilica td3dby @xtrdirfhapaiktiiedyomprisipgrd patticalateisili¢srithunatetihht by
usi ng a potassi um base or basic salt, rather than a sodi um hydroxi de, as

t he pepti watgr apéma potassiwdubasegor Hasix saltd phrticutarky (rasassivia Bydioxsdd, oss
during the extrusion step.is |less thap 5 weight % based on the fotal solids
content ofVhergin; ﬁxet fosal T’Fﬁ%{suf’%‘?tenh o?&ﬁg: r‘BE%“,”ge\M%éoé‘b&%GH{ %&df‘b?f"a\ét ll)g

enpl oyed .1he | Zf ' | ?aﬁg % and
can be asaﬁq%}%paegg%' ﬁg{%&?ﬁ@? e\}@x{dé%?e Eﬁgﬁﬁéﬁaﬁg 3?%1 {Qs/% | érg?)l%té ent of
the initiaF ffont bbbl 30041 (b kBBus8OO T ts Pﬁdﬂu&ttﬁé ishhpatb Bodyenaipari@ilae any
particulate material containing at least 50 wt% typically at least 75 w %
and parti ¢ulsafdundathat dystusi@f avp¥tassiun dasprorstasic salthmtherstham arsodphmous

silica, or as a_crystalline silicate, tallgsilica and/ or )
si | i coal ulyAEpHeeFisdhe pephizing agent it predusing thr @ﬁauia%é? Mixgirgnthe golids

crystalli peShltff it efRiabh Wy ISR 'Y/ WEight % AL T BRNEANRNRS
"~ content of the initial mixture. In contrast, when sodium hydroxide is employed
as the peptizing agent solids losses are typically about 10%, and can be as high

as 15 to 20%, by weight based on the total solids content of the initial mixture.

[0017] The silica-rich material used herein can be any particulate material
containing at least 50 wt%, typically at least 75 wt%, and particularly at least 85
wt%, silica present either as an amorphous silica, or as a crystalline silicate,
metallosilicate and/or silicoaluminophosphate, or as a mixture of amorphous

silica and a crystalline silicate, metallosilicate, and/or silicoaluminophosphate.

[0018] Suitable forms of amorphous silica include silica powders, such as
Ultrasil VN3SP (commercially available from Degussa) since this material is
very cheap and easily available in large commercial scale quantities. Other non-
limiting examples of a suitable solid silica source are HiSil 233 EP (available

from PPG Industries) and Tokusil (available from Tokuyama Asia Pacific),

[0019] In addition, suitable amorphous silica sources include silica sols,

which are stable colloidal dispersions of amorphous silica particles in an



[ 0018] Sui tabl e forns of anorphous silica include silica powders, such as
Utrasil VN3SP (commercially avail able from Degussa) since this material is
very cheapoane/®ssisl y available in | ar ge conmmer ci al scalpeTqisaowiovioes. O her
non-limting exanples of a suitable soli"d silica source are H Sil 233 EP
(avail able from PPG I ndustries) and Tokusil (avail able from Tokuyanma Asi a
Pacific), WD 2009/105248PCT/ US2009/ 001091 - 6 - aqueous or organic liquid
medi um  prghésabby orgnts liqhidhmediurn] pefeablypivaterof Nomtimitniga¢tamplesiofabl e
silica sols include those sold under the tradenanes Nyacol (avajlable from
Nyacol Nagonmeereiadlyogivedablensilicar sas) igshysle) thaggl seld( unden ag dradesameal co

rom . SBAREL i Froo el s Mash 85k, ey M Pl <
nowever - FHORREDR] NI ChERRA S MATIOEI COPHBLIL ROMRESIIESKE ¢ ne

silica bogydek GivatlabereratWIre GrééeDadidongf NexSél gdviatlapRy fronmayie]).
Therefore, if silica sols containing sodiumare used, a step of ion

exchange Mgnypesilieaysioledre rpropared from eshyliemo siliceteaads intiviteblyr soataind
carrying out, i on fxch nge steps, ('i]t i s .convenient to &1se silica _sols that
contain v&PJium. ¢ [telsgrhoeesy fgund, dhafe the preseace (of csadigm dops fARafSfave a
pH val ue 7. t fer , ilic i

Process. | SUPRER, bbb’ 07 \pRHT| & Hipl: oiferpirt Candld, UAREL ) Gudiyic

contai N NeeARIRahad! Thefcors iPkilkatioltomaliige sbiae®lareUdhla stdplofdor034A,
Utra-Sol "711 or NexSil 20A. [0020] Suitable forns of crystalline silica

i ncl ude niexchanpeonmyabd regeipdriousrden| tocrddace sireremovospdivmngTsi ©pid
tetrahedra, such as crystalline silicates, netallosiljicates (.especially
al uni nosi ICREXING PUL RN EXEhangs SIAPSHJp RO SPRYATEENT TQoHsq Sikicaise HOREAD o

such zeolitic,.mmateri. i ncl : ,
ZSM 48, z§ﬁ%9&f‘hﬁ%‘§@lm %%SCW%C%%%&“’E%%%@% Pl S
zeol ite Yey4p0! NiGstifteforabl§! Hedilib® so if th&PP8cebd is sﬂ?%ﬂil&zid%ﬂ@oﬁ&
SAPO-56, ITQ 1, TTQ2, 1TQ3, 1TQ 13, I1TQ 21, ITQ 22, | 4,

net al - contlmhitinggekampiest b sdafa, solst tragravmtainr e tdeit¢dtatelef waces phesodoimand
m xtures thereof Non-limti 2{3 exanghes of such naterials_include

f
al uni nosi lingude Nyscoh203HAbNalep A93AA; LHirasSHAH 5 NexSil 24 t o al uni na

nmol ar ratio of at |east 10. In one enbodinent, the crystalline silicais
ZSM5. WD 2009/ 105248PCT/ US2009/ 001091 - 7 -

[0020] Suitable forms of crystalline silica include microporous and
mesoporous molecular sieves containing SiO, tetrahedra, such as crystalline
silicates, metallosilicates (especially aluminosilicates) and
silicoaluminophosphates. Non-limiting examples of such zeolitic materials
include ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-48, ZSM-57,
MCM-22, MCM-41, M-41S, MCM-48, chabazite, faujasite, zeolite Y, zeolite
beta, ferrierite, SAPO-5, SAPO-11, SAPO-18, SAPO-34, SAPO-56, ITQ-1,
ITQ-2, ITQ-3, ITQ-13, ITQ-21, ITQ-22, ITQ-24, metal-containing forms
thereof, intergrown crystalline forms thereof and mixtures thereof. Non-limiting
examples of such materials include aluminosilicates or germanoaluminosilicates
having a silica to alumina molar ratio of at least 10. In one embodiment, the

crystalline silica is ZSM-5.



[0021] 1t is also possible to enploy the present process to produce a shaped
body froma m xture of anorphous silica and a crystalline nol ecul ar sieve,

i n whi ch weeowtos2480! ecul ar si eve nmay co]nt ain Si (4 tetrabedsajoohrbl i s, the
crystalline nolecular sieve may be a silli'cate, netallosilicate and/or

si | i coal um nophosphate, or may be a non-silicon containing nol ecul ar sieve,
such as an al um nophosphate and/or a netall oal um nophosphate, provided the
silica angdozi]silicdt ds csy Poksible tbeermpRyatie present eproxessetis pbédudeda
[0022] In order to formthe shaped body, the particulate silica-rich

mat eri al ishapad body |fyomi x edixtinenoficameerphads siling: andiauarystaline gnelgcular

bor at o, pSYBnIR Wick case the ol SEapars, COUABLNGY BHAPRE e LS Pch
terial, . [ d d : t ant
mixtur o helinf mBRRARE SKIETRONTC bRl T SRURRIS, POAlGRcelS R °

percent, GiRioaRIhiobhosphHeeUbr 3ay Geahonidn-Slicori eotitaipéie endlecslae hsiege,f rom
about 35 to about 65 wei ght percent, and contains from about 0.01 to about

15 wei ght speh @erdn akminopsosphate abdior 4 mesaBealumisophnsghatepprevided tbe t he

pot assi um conpound qQn a dry basis, cal cyl afed as potassi um hydroxi de
equi val entslh%%'éizoroﬂﬂ?ﬁﬁ coptent of Hhg guera H’E‘B‘rﬁ’t‘recﬁx"?ﬁ‘is iﬁ )‘Z‘ft%'e. The anount of

silica-rich material present in the mxture can vary within wide linmts,
typically fromabout 5 to about 90 wei ght percent, such as from about 20 to

about 95 ygialt per gRNbrddr 1d)EopMetRE | sHAp¥d Ubedy,[ 2 Jdrticalded tsilgh-Fioht he
silica-rich material, water and potassi um conpound, at |east one polyneric
or gani ¢ extaterdalois imitiallyayniked iwitho madenard ai potasseumi aser suchNas potasstimg
exanpl es of suitable pol %/rre_ri c organi ¢ extrusion aids include po{% vi nyl

al cohol s, hydroxideser, aapatassiumy| basic salfersiichs ag rpotassignn GRIDONALE, cRYalhd

ortr ot b BBspHEEe iy 1R Es R AR et Lo PSR richPaRial btk and
parts by &E?% m?Hﬁi&gﬁﬁdfarr@%%% sPthiut {Re ARAWaNBIRAUrE HaY awatbaq%lidaer 100

parts by t o silica-rich material in the m xture.

2009/ 105248hcht UBZER /2800020 te aBout POGLeipihpencent, typically tfyqn adlouy 3prtepar ed
by conbining the ingredients together in a mxer, such as, for exanple, an

Eirich m abpuioS0 aveighieperaenie suchrpe fiam abeut 32 4o ahewt €5 wsjehieperesrts and
di ff t d to t } l.ijnti l e, oth | i
Conponent SoRmS g abw’ Pitisto ARotLS rsikht beEnb DR 5 haS e i to

t i ' d, if
nocbesary J0aF MAEREEEL, B e YeHacalhy SThESnA hn 0B DATRRARUKEINT. |
sui tabl e gporRsivai hydxdide ehoivaimnehisgd cnothesomh salids vosensof the wixtaral |y,

the mxture is mxed for about 1 mnute to about 2 hours before being
f or med i nilhet draonnigef sidigagichpantérialypresent in the mixture can vary within wide

limits, typically from about 5 to about 90 wéight percent, such as from about 20

to about 95 weight percent of the overall mixture.

[0023] In addition to the silica-rich material, water and potassium
compound, at least one polymeric organic extrusion aid may be incorporated in
the mixture. Non limiting examples of suitable polymeric organic extrusion aids
include polyvinyl alcohols, cellulose, and cellulose ethers, such as
methylcellulose and hydroxypropyl methyl cellulose polymers. If present, the
polymeric extrusion aid is typically used in amounts of from about 0.1 to about 5
parts by weight, such as from about 0.5 to about 3 parts by weight, per 100 parts

by weight of the silica-rich material in the mixture.



[ 0025] Particle shaping is generally perforned by extrusion. Extrusion

appar atuses suitable for making rod-, cylindrical- or prismshaped

particl eswoypeximbisag conpri se a hopper for introduction eCTtusecoviontoar e bei ng
shaped, a de-airing chanber, and either 8 screwtype or plunger-type
transport band in which pressure is generated for passage of the m xture
through a die of the desired geonetry. The m xture is extruded onto a
carrier belt and passed through driers to relax the strain remaining after
extrusion. The driers renove nost of the water fromthe extruded product,
but typi c40024]do notTheeminturany ypigabiyc prepased dy combiniag the aatsi n t he

extrudat es. i i [l f t I t f .l t 200
& Such: adonithiiig TOOeS AT S 06T EXATpl, d FipicBIMMED R PoUhee (BNERD 1% or a
eri od of _a t ) . 0., es. to: enal rs.
'Fl)'he str an&lgl&ggg gfsor{neég %ﬁﬂt%%@f?le ?\dgﬁg(rigﬁbérlg%g‘lhr&u%qk% s? rrt;qel g’r&%}/eégsa Itﬁ ng zr m

cylinders lHﬁiti&'gie%dﬁ&;pl@,ﬂﬁeFébliﬂ%ﬁiﬁorféhts%drﬁlﬂ@{)ﬁb@d fheringhe veisten mollbvelden up
further to the required size range. [00261After shaping and drying at a

t enper at uby die |lapadt bampaoents, (The shapeheptsr nia|tygpically vexed |8t redmr r ed
Cont ai n” aRGmpeIAHRE A, Of DECGISER. A il inEGAN RS0 e APRIBEh A bisakegRS vBlidal |
contain a rqnd, > n ally
have crush strengths that, ar.e t 0 Ln..ca : 05248-
0 BTy LoRatED T oA shilBhiecbEe Br bl hoHRfkehtity s bRIOS andCufzROSty;

harden t h%ef?ﬁ?éliﬁ'tﬁé mikAfei§ AMXEd FWahdaANninitB k6 abaht 2 RstirsHefokebahgsent
in the catalyst "and that could interfere during use of the shaped bodies.

I n the prdomsed dftottheréquirdtshaped bodh. heat treatnment is performed by
calcination, i.e. by heating at tenperatures rangi ng from about 300C to
about 800C, for exanple from about 500C to about 750C. If organic materials

j h d bod it ] f d t hat. | 6] B
e bresr 18 Te G5 S SRS, oAt e ISOPABR R FLOIIART, L+
Yoair. In a?ﬂgfartﬁs%@ sdi{ahbrlrg}s/fopemQEﬁig; g@&-e, SRRl '@r??ﬁsnﬁ@lﬁ?@ét p&tficied the

presence of " steam suc a m xt of sSteam and ai in ofder to obtain
shaped bodygisalta\contprisedehopper foeriatrodaetisranfehe Miktuablbeing bkapeal iaode-
at nospheres contain 10-20 vol. % steam and 90-80 vol. %air; for exanple
2-10 vol . ating chambeoand@ither a sgseyv-dype oBplupgertynps rarsnest barreltingwhich

w th 11 drestire,dr gegrepia Sorpaisags ol eamix ot THOUED: hegt & Chrdged °°
conduct ed e8fneg®r. | Rb ShiRRENRL %xf}{lg&'tl Bhto dCRANY Bt AR hgfseﬂ"ﬂlféd%&ﬁ%'s .
and °t e duration

tenperatu he conposition o he cal ci nat1 on at hosphere.

shoul d be tguefdxCtiRNbtrhia Arhsininge afeplexausivhy Thegadiiersninsveangst esfethie i n
the particles, and should also be sufficient to harden the particles to the

desired | evater framether extratded rodeet, hdutypically e bat rem@veusny cygaRig t o

avoi d shaped hody degradation. Typicall t he _desired results. are achi eved
by appl yi AgateHal %@Fé‘i‘fﬁ’a ¢ BFFSEBEH{&CO‘??Q"JWG’% Prypeds “Ispgli?( REHOormee afa about

120 m nut %émpgr"é%\‘ea(?f {5 O BALIH °&§ shéh A PékwEh THOWCednd 150 °C, typically
of from 120 °C to 140 °C for a period of at least 10 minutes, such as from 10
minutes to several hours. The strands obtained after drying are broken up in
smaller pieces to form cylinders or prisms. The cylinders or prisms are then

sieved and broken up further to the required size range.

[0026] After shaping and drying at a temperature of less than 200 °C, the
shaped particles are usually referred to as “green” particles or green catalyst.
The green particles still contain any polymeric extrusion aid that may have been

used and typically have crush strengths that are too low for use in catalytic



[ 0028] The shaped body remaining after the calcination step typically has a
crush strength of at least 536 g/mm (30 | b/inch), conveniently at |east 715
g/ mm (40 wb/2newciny24swhen determ ned by the strain beam mecham2eumomoar 3. 175
mm (1/8 inch) Anvil configuration. WD Z009/105248PCT/ US2009/ 001091
100291The shaped silica body produced by the present process is
particularly suitable as a catal yst conponent and as a carrier for a
suppor t ed pg@deabeosst - HER! trexangits, arehthiust hecessdryCey haedenmaherpaaticles/mandses a
m xture 01P anor phous silica and a zeolite or zeolite-type material, the
process caembee aeydrganior matarial ath@thmpy&d)pw,%entowpmes%ﬁg st and ithat epnldd

catal tylitcﬁét? B detinago6 ot he Sheds g‘a@lfesehﬁﬁbéir&wnoﬁ"résaiv%rﬁip%e%ﬁ'gﬁt |
vetal o sorem MDA i SepEhtied 07 EkRalipn; A, B IERURRZaBiemRERRRS,, O

El ement s. rér[%%ﬂ o SP&RI AbSuteIVPd ¥ about B@O@@t mry@iarﬁpl@pfrbﬁﬁabautssoma tshaped
body on whi cobal t oxide and nol ybdenum oxi de have been deposited. In yet

anot her embouli #ABOIC. tlfeorghaisenaterihls iasc prgsicot énl the greamshanest bedppidris whi ch
conpri ses azeollte or zeolite-type material bound silica, apd which
supports ®Reerrdsibotcalcination IWnP]éicﬁllﬁgth&cPli%%“%Pgaéqe %O% Q ° dHped

noe Tn a8ty B RT3 Yol % IR A FadtpBhl AETRRIGIRLR (S BEADKRIGe O,
rapi d di f HRERRARf 1nrtﬁ@gﬁ8§e'ilc€'lﬂ sEHa‘i’l‘ii USich dsh Rh'ﬂ'ﬁ?élbf Eié@rrpéﬁdilaits ln order

Non-limting exanpl es such catal ytic processes include reactions usi ng
hydr ogen, t6swbhaiashaped boditst having dededifedr parat sipe rarigedr Stitablegcalcination

hydr of i ni shi ng or hydrocracki ng, g)ol ymerizatiaon reactl on such as

support ed aHn@ngeS\&Qmaﬂbw%t‘lﬂll o &l @W@/%‘t& 2e@l; e{haFe % pmple el @1 vt i ¢

cracki ng, iti ¢ olefln onmerigat|i ef ri.zation,
al kyl at i oP(o %raiéﬁﬁﬂ&%v@g 0 steagpy vggﬂngrté? 8?%@?%1 RS iréb%r?@rqg h enoI
al kyl ati og,, ‘§1tﬁﬂm$?rtﬁé %}]&ﬁa’t drg%meé dr@Ssh eaaﬁwlbﬁ%ltﬂ'cﬁff’e}érﬁtlﬁ)@nd

| ube range rocar bons, e conversi of’ oxygenates to hydrocarbons. WO
2009/ 10524&185:‘5&M$2Q1b@dlﬁ9d091 1003211 n the Exanpl es, BET surface area was
determ ned by nitrogen

a

[0027] Calcination can be conducted for variable amounts of time,
depending on the calcination temperature and the composition of the calcination
atmosphere. The duration should be sufficient to allow removal of any organic
material present in the particles, and should also be sufficient to harden the
particles to the desired level. However, calcination should not be carried out too
long to avoid shaped body degradation. Typically, the desired results are
achieved by applying the calcination conditions for a time of from about 10 to

about 120 minutes, such as from about 15 to about 60 minutes.

[0028] The shaped body remaining after the calcination step typically has
a crush strength of at least 536 g/mm (30 Ib/inch), conveniently at least 715
g/mm (40 1b/inch), when determined by the strain beam method with a 3.175

mm (1/8 inch) Anvil configuration.



adsorption, using a Mcroneritics Tristar V6.05 instrunent. Pore volune (N2
PV) and nedi an pore dianeter (N2 PD) were also determ ned fromthe nitrogen
adsor pt i ovorre@swsEEENt S, according to t BET net hod. 1@033kB@wmomel ume
(PV), nedian pore dianeter (PD) and total "pore area were al so determ ned by
mercury intrusion porosinetry, according to the ASTM D 4284-03 net hod,
assum ng a contact angle of 1300 for mercury on silica, using a

M croneti {oE®)Aut oParte IsHaPedOsilioat bodenproduo€B 4By hthealpredent provesatis

sodi um content and potassi um content were determ ned by inductively coupled
pl asma (| eytieadyisuitableeas moeatalypt cosinegeah andias & earrieiEon arappPEedur ed
by Therno El ?ctrog Corporation. 1 035%‘0 ush strength (Crush) was det (-It-rm' ned
by aver agicAtYHe EPUSKAEPSNYIRN M1 HHCH ! t ?fﬁt? RUSCSya: TFFE®Ivi th a

Vankel VK --Har dne t ' [1n | a
3175 o CORUPTRE IR RS ZedIAS, ot zodf L S nBh & REICER, BAF bIsRa
that a fong@roducePPshastdBody€ompfifingoa silRalfundCied]idd datalygst.C T SMottigrengt h
is the amount of force appli'ed by the beamthat will cause particle
fracture. efitwdimsnt, lenthapeddrady @s fistmed rmtoga reatalystbby rdgpesiting onuibh
strength of 1 Ib/inch can also be ressed as a érush strength of .17.87

ex
ﬁ/ mm [ 00PsPY dPRExemplgdy | InpIegnalianyi ong & s§Verdla mefal-¢ulpRing Afti¥Egussa
aving a sil.ca. conte 9 ' . an
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Ludox (avahhaiidup VoI ¥ fRe FEd66icCRalIE U1 Eletnedis. aQh @O4secifdd leaittbdiment,i ca
sol having a silica content of 40 wt% and a pH of at least 7. Avicel is a
m crocr ystthd | ¢atglysel domhprsseseat siliiaorshapet shalyl iced velyicRMCobalEx exidee and

molybdenum oxide have been deposited. In yet another embodiment, the shaped

body is employed as a catalyst support which comprises a zeolite or zeolite-type

material bound with silica and which supports one or several metal-containing

active metals.

[0030] The shaped bodies made by the present method are useful
components of catalysts for use in a wide variety of catalytic processes,
especially those that require rapid diffusion of reagents and products throughout
the catalyst. Non-limiting examples of such catalytic processes include reactions
using hydrogen, such as hydrogenation, desulfurization, hydrofining,
hydrofinishing or hydrocracking, polymerization reactions, such as supported
Ziegler-Natta or metallocene polymerization reactions, catalytic cracking,
catalytic dewaxing, olefin oligomerization, olefin isomerization, alkylation, for
example aromatic alkylation, reformate alkylation, phenol alkylation, the
conversion of light olefins to gasoline, distillate and lube range hydrocarbons,

the conversion of oxygenates to hydrocarbons.

[0031] The invention will now be more particularly described with

reference to the following non-limiting Examples.



[0037] 80 parts by weight of ZSM5 (silica to alumna nolar ratio of about
50 to 1), 10 parts by weight of Utrasil VN3SP solids, 10 parts by wei ght
of Ludox wolwa@siosasd 48 parts by wei ght of water were mpgedseambod8D) parts
by wei ght of a 12w % aqueous pot assi um h&/droxi de solution so as to produce
a mxture with total solids content of 58 wt % and a KOH content of 3 wt %
on a dry basis based on the total solids content. M xing was conducted in

an Eiricheo3ggr, W qh thBeEpafiples! BHDRudfade hiraslavdsotietermindd bl digioggnon
their respective high settings for the equi pment. M xing was continued
until an edsorptiab) esingxa Micromsritivs dinistar VOB $3struments uPoehvolhime (Ne was

extruded to produce.a cylindrical date having a.diapgeter, of. 1/16 inch
(1.6 . Pieanddmedipn porgadiamelss @fzxﬁléyave@@&ﬂ @qtgﬁe)nqdo obthe RiFogEN
whereafter .the..dri |.al . | for about 1 mnute to
renove | oggéorﬁgg{ling%smrﬁ%t? ’earc:@?(,h%gﬁé?ﬁ? ggﬁé’%ﬁ&%he | oose particul ate
mat eri al was sieved through a 14 Mesh sieve and was col | ected and wei ghed.
After renoval of the "feathers", the dried extrudate was cal cined at 538C
for 60 m 0038} to plPodevelirhe (PV)amediapporebdidmeteth@D) fred batdl poredareaol ed,

Its crush strength was, neasured. The results gre summarized in T 1.
Exanpl e 2Weue3tsomiaiermincd hymer@isy AneHsisnPofPsImeie aﬁ%‘?réé% Eﬁﬁr}wyfggﬁ\fl de

sol ution i repl aced,with 250 t | gbt, 0 1 9 : di
v oxi de Lo dPatiEh b arSpBnR BRhRe B R 1 40, for D T st 2o
of 3 wt %07 Mi&ro@ﬁétit?csb&ﬁﬁﬁ’o?é‘IV%UOﬁh@d{uﬁféhf.ds content of the mxture.

Again the results are summarized in Table 1. WO 2009/105248- 13
- PCT/ US2009/ 001091 Table 1 Exanple

[0034] The alumina content, sodium content and potassium content were
determined by inductively coupled plasma (ICP) emission spectroscopy, using

an IRIS instrument manufactured by Thermo Electron Corporation.

[0035] Crush strength (Crush) was determined by averaging the crush
strength of 100 or more particles, determined with a Vankel VK200 Tablet
Hardness Tester, using a strain beam method with a 3.175 mm (1/8 inch) Anvil
configuration. The principle of the method is that a force is applied by the beam
to the particle and the crush strength is the amount of force applied by the beam
that will cause particle fracture. The instrument reports crush strength as
Ib/inches. A crush strength of 1 Ib/inch can also be expressed as a crush strength

of 17.87 g/mm.

[0036] Ultrasil VN3SP is a precipitated silica available from Degussa
having a silica content of 98 wt%, a sodium content of about 0.4 wt%, an
alumina content of about 0.1 wt% and a BET surface area of 155-195 m*/g.
Ludox (available from W.R. Grace Davison) is an aqueous colloidal silica sol
having a silica content of 40 wt% and a pH of at least 7. Avicel is a

microcrystalline cellulose extrusion aid supplied by FMC.



1 2 Caustic 3% KOH 3% NaOH Total Wight (gns) 84.65 88.27 14 Mesh + (gns)
83.60 73.12

WO 2009/105248 1. PCT/US2009/001091
Example 1
[0037] 80 parts by weight of ZSM-5 (silica to alumina molar ratio of

about 50 to 1), 10 parts by weight of Ultrasil VN3SP solids, 10 parts by weight
of Ludox solids, and 48 parts by weight of water were mixed with 250 parts by
weight of a 12wt% aqueous potassium hydroxide solution so as to produce a
mixture with total solids content of 58 wt % and a KOH content of 3 wt % on a
dry basis based on the total solids content. Mixing was conducted in an Eirich
mixer, with the pan rotation and blade rotation both being on their respective
high settings for the equipment. Mixing was continued until an extrudable

mixture was obtained.

[0038] The resultant mixture was extruded to produce a cylindrical
extrudate having a diameter of 1/16 inch (1.6 mm). The extrudate was then
dried at 300°F (150°C) for 60 minutes, whereafter the dried material was shaken
vigoroﬁsly for about 1 minute to remov.e loose particulate material, the
“feathers”. The loose particulate material was sieved through a 14 Mesh sieve
and was collected and weighed. After removal of the “feathers”, the dried
extrudate was calcined at 538°C for 60 minutes to produce the final shaped
body. When the body had cooled, its crush strength was measured. The results

are summarized in Table 1.

Example 2

[0039] Example 1 was repeated but with the potassium hydroxide solution
being replaced with 250 parts by weight of a 12wt% aqueous sodium hydroxide
solution so that the NaOH was present in the mixture in an amount of 3 wt % on
a dry basis based on the total solids content of the mixture. Again the results are

summarized in Table 1.



14 Mesh - (gms) 1.12 15.19 W % Fines 1.3 17.2 Calcined Crush 84 Ib/in 64
I b/in [0040]It will be seen from Table that the process of Exanple 1 using

WO 2009/105248 13- PCT/US2009/001091
Table 1
Example 1 2
Caustic 3% KOH 3% NaOH
Total Weight (gms) 84.65 88.27
14 Mesh + (gms) 83.60 73.12
14 Mesh — (gms) 1.12 15.19
Wt % Fines 1.3 17.2
Calcined Crush 84 1b/in 64 Ib/in
[0040] It will be seen from Table that the process of Example 1 using

potassium hydroxide as the peptizing agent not only produced only 1.3 wt%
fines, as compared with the 17.2 wt % fines obtained in Example 2 with sodium
hydroxide as the peptizing agent, but also gave a silica body with higher crush
strength that that of Example 1 (84 Ib/in versus 64 Ib/in).

Example 3

[0041] Ultrasil VN3SP silica, Avicel (a microcrystalline cellulose
extrusion aid), a 12wt% aqueous potassium hydroxide solution and water were
combined to produce an aqueous mixture having a solids content of 47 wt %
with the solids being composed of 100 parts Ultrasil VN3SP silica solids, 20
parts Avicel and 2 parts KOH on a dry basis. Mixing was conducted in an
Eirich mixer, with the pan rotation and blade rotation both being on their
respective high settings for the equipment; Mixing was continued until an

extrudable mixture was obtained.

[0042] The resultant mixture was extruded to produce a quadrulobe
extrudate having a diameter of 1/20 inch (1.3 mm). The extrudate was then

dried at 250°F (121°C) for 60 minutes and calcined at 540°C for 60 minutes to



pot assi um hydr oxi de as the peptizing agent not only produced only 1.3 w %
fines, as conpared with the 17.2 wt % fines obtained in Exanple 2 with

sodi um hywoaresdesas t he peptizi ng agent, but al so gave a&csiuscaa/obmdy w th
hi gher crush strength that that of Exa'n'b‘f'e 1 (84 Ib/lin versus 64 |Ib/in).
Exanple 3 [0041]U trasil VN3SP silica, Avicel (a mcrocrystalline cellul ose
extrusion aid), a 12wt % aqueous pot assi um hydroxi de sol uti on and water were
conbi ned fpeoducedthecfingl siapedUsodyi. x Wihén ke body dadotaaled cinniceush sttenthwt %
with the solids being conposed of 100 parts U trasil VN3SP silica solids,
20 parts Mdsgntasanetl angthe Eneasswas naeasuredard found tegbevyithevhtraghess. i n an
Eirich mxer, with the pan rotation and bl ade rotation both being on their
respective high settings for the equipnent. MXxing was continued until an

Co proanc S0UBK L aar u RASUBLEGEs tibfetlaRe iestor llbeidh Bl OB IHEUCE]
The extr udaicaneast Diiewatét i &dcathlydb@ind( 42 AQHf ar 1GFom I asinard aal chised at

540C for 60 mnutes to produce the final shaped body. Wen the body had
cool ed, i psocadush was eepgatedamtitetheupld nantbngee ¢hanged! ofgamasthaeemished and

found to be w thout feather [ 0043] The product was then refluxed in a hot
Lole T on SGehethias megeireie ThesRraoubt War ek Sibjedied 10 Arymemumicshantsr = 10
for 120 m Q hi u e : e I r
changed. " RbJ0RE, RRth LR BFERS RniurRARLE Satilidd dtapiihhe SR

subj ect ed sren SATRAY HiBaSH@A2TDRe AdsufQofWhe rd@shl Nr&pik hcasarementy andi theat e
solution and again the crush strength was neasured. The results of the

crush st r etigdripropaties efitint shaped tody are semmparigesk ini Eable2. t he shaped body are
sunmmari zed in Table 2.

Example 4

[0044] The process of Example 3 was repeated but with the initial
aqueous mixture having a solids content of 45 wt % with the solids being
composed of 100 parts Ultrasil VN3SP silica solids, 20 parts Avicel and 4 parts
KOH on a dry basis. The properties of the resultant shaped body are

summarized in Table 2.

Example S

[0045] The process of Example 4 was again repeated but with the initial
aqueous mixture having a solids content of 42 wt %. The properties of the

resultant shaped body are summarized in Table 2.

Example 6

[0046] Ultrasil VN3SP silica, a 12 wt % aqueous potassium hydroxide
solution and water were combined to produce an aqueous mixture having a

solids content of 47 wt % with the solids being composed of 100 parts of Ultrasil



Exanpl e 4 [0044] The process of Exanple 3 was repeated but with the initial
aqueous m xture having a solids content of 45 wt % wth the solids being
conposed w0 20@00past s U trasil VN3SP sig ca solids, 20 pamtus20wiocwb1 and 4
parts KOH on a dry basis. The properties’ of the resultant shaped body are
summari zed in Table 2. Exanple 5 [0045] The process of Exanple 4 was again
repeated but with the initial aqueous m xture having a solids content of 42

W % TheviN3IsRKilicassodidstand 4 partd KOH cinadeg bhsidy Tareemixtoreaniag enixed ifabl e
2. Exanple 6 [0046] U trasil SP silica, a 12 wt % aqueous potassium
hydr oxi de asolHiticlhrmixed, withethewpare refetibhrand bladgriotatian kathagawguen iheit ur e
havi lid t ent % Wi [ ' .
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extrudable mixture was obtained.

[0047] The resultant mixture was extruded to produce a quadrulobe
extrudate having a diameter of 1/20 inch (1.3 mm). The extrudate was then
dried at 250°F (121°C) for 60 minutes and calcined at 538°C for 60 minutes to
produce the final shaped body. When the body had cooled, its crush strength

was measured at 80 1bs/inch.

[0048] The product was then refluxed in a hot solution using 10 times the
amount of DI water as catalyst and at a pH < 10 for 120 minutes and this
procedure was repeated until the pH no longer changed. Again the crush
strength was measured. The product was then subjected to ammonium exchange
at 60°C with a 1N aqueous ammonium nitrate solution and again the crush
strength was measured. The results of the crush strength measurements and the

other properties of the shaped body are summarized in Table 2.

Example 7

[0049] The process of Example 6 was repeated but with the initial
aqueous mixture having a solids content of 45 wt %. The properties of the

resultant shaped body are summarized in Table 2.

[0050] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will
appreciate that the invention lends itself to variations not necessarily illustrated
herein. For this reason, then, reference should be made solely to the appended

claims for purposes of determining the true scope of the present invention.
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-17- What is clained is: 1. A nethod of form ng a shaped body
having reduced feathering tendency, conprising formng a mxture
conprising a particulate silica-rich material, water, and a base or
basic salt consisting essentially of pota55|un1hydrOX|de wherein the
total solids content of the mixture rd7from about 20 to about 90

wei ght percent, extruding the m xture into an extrudate, drying the
extrudate, and heating the extrudate, w thout neutralizing the base,
to a tenperaVﬂhathfckﬁnmméﬁeut 300 C. to about 800 C. 2. The nethod

f clai 1, i ] at t |
Y o e
Si It Ih cg r:c deathae anigat 3 iibimnﬁ sa heatee corfp ri@l;sm .
me (0] (0]

5 The mtﬁfﬁ‘ﬂf’f&?ﬂﬁeﬂ% ! &ﬁﬁ@# ?fvai%* AR, g%g%e Bsic
mat eri al consastangr esrantiallyi ok mtasalm bydroxadeswhergin. 6.
T oo hogbel it Jolids RN SHEhe Mk 18 FomEAbeNE FPHSES
o the i ﬂhi?lét P00y Piahtheti ot esridnne the merhie led u erut
date, drying the extrudate, and heating the extrudate without
neutralizing the base, to a temperature of from about 300° C.
to about 800° C.

2. The method of claim 1, wherein the particulate silica-
rich material comprises amorphous silica.

3. The method of claim 1, wherein the particulate silica-
rich material comprises a crystalline silicate.

4. The method of claim 3, wherein the crystalline silicate
comprises ZSM-5.

5. The method of claim 1, wherein the particulate silica-
rich material comprises amorphous silica and a crystalline
silicate.

6. The method of claim 5, wherein the crystalline silicate
comprises ZSM-5.

7. The method of claim 1, wherein the total solids content
of the mixture is from about 35 to about 65 weight percent.

8. The method of claim 1, wherein potassium hydroxide is
added to the mixture in an amount of from about 0.01 to about
15 weight percent on a dry basis, based on the total solids
content of the mixture.

9. The method of claim 1, wherein potassium hydroxide 1s
added to the mixture in an amount of from about 1 to about 5
weight percent on a dry basis, based on the total solids content
of the mixture.



8. The method of claim 1, wherein potassium hydroxide is added to the
m xture in an anount of from about 0.01 to about 15 wei ght percent on
a dry basis, based on the total solids content of the m xture. 9.
The nethod of claim 1, wherein potassium hydroxide is added to the

m xture in an anount of from about 1-t%-about 5 wei ght percent on a
dry basis, based on the total solids content of the mxture. -18-
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conditions, 18, Thiemeettenyorlicddimrbdutiorein the extrudate is heated
to a temperature of from about 500° C. to about 750° C.
14. A catalyst comprising a shaped body produced by the
method of claim 11.
15. A process for converting a hydrocarbon feedstock,
wherein the hydrocarbon feedstock is contacted with the cata-
lyst of claim 14 under conversion conditions, to form a con-
verted product.





