PRODUCTI ON OF SHAPED SI LI CA-RI CH BCDI ES FI ELD [0001] This invention rel ates
to the production of shaped silica bodies and to the use of shaped bodies
as cat al ywb=oeamoszsgani ¢ conversi on reacti ons. BACKGROUNBCra®ep/odivny

i ndustrial processes enploy catal ysts Cdﬁprising a catalyticaily active

mat eri al supported on a shaped body or bound in a shaped body. Exanpl es of
such catal ysts include supported netals, supported netal conplexes,
supported organonet al | peShuchesdrz el iebesriand-heunsorzeel i te-type materi al s.
The shaped bodi es used in such catalysts are typically made of refractory

i norgani c oxides by formng a m xture of one or several sources of the

i norgani cKIEId® in a suitable vehicle, such as water and/or an organic
solvent. The mixture is then forned into various shapes, generally by
extrusi on, and subsgﬂyently_dried and cal cined,to produce . the final gshaped

Eody. [000801in ord fw nvsatignaglases oathg preduction phshapedrdliea bedics andy st
ave t i I. i ti
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strong enough to enabl e catal yst handling, especially during reactor

| oadi ng and unl oadi ng, and to sustain the conditions experienced during the
i ntended BAEKGROUNMD They nust al so have appropriate porosities and
shapes to avoird high pressure drops across the reactor and allow the
desired catalytic reactions to take place. [0004] The choice of catalyst

carrier will depend.qn various .factors, such as, for exanple the intended
catal yti C[Q@)@? t he tl\aﬁ%y ofm‘g"ésila?ljlt Pﬁoq‘?ﬁfeéri%fppff’é'ed?ata%@?s 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



the required catal yst strength and the required diffusivity across

catal ystparticles. The nost commonly used carrier materials have incl uded
al um na aw0d 2m9xtosases of the same with clays for the reagomusbab/obivese
materials are very easy to extrude and Peésult in the production of an
extrudat e havi ng desirable physical strength as well as controll able

di ffusion properties. [0005] For certain catalytic processes, such as the

conver si opaffcléet The elostedmphdiely ey gandérematepiald kiverinclided slunesa anbl e to
use silica as the catalyst carrier. However, formng silica bound catalysts
by ext r usiintures of the semeadth playy ddr thef feiason that ithess patesiads AregVeIYI9a84-ri ch

m xtures in conyenti I di [ t ot t I ve. d i th
boor reohiFRENAS AR Rt I HeoProdt ek o Ryt pr and desiph el of

crystal l'ipg_ siti 4ch L lysts, wh h
caral yti c el GEpahuah ol MR RS Y T X ne more than 50 wt %

silica). [0006] One solution to the problem of producing silica extrudates
with inproved strength is proposed in US Patent No. 4,582 815 This patent
di scl oses [@005kt hod ffor cetamuehtakytici priocesses,ciuchaisithe cahversiagbabmeskanaki xi ng
the silica-rich solids with er .and, an al kal i tal base or basic salt
fol | oned BpdRtheriqxyesnateete O %W&e&rﬁﬁ@ﬁe US6S }ﬁa%?ft%&é@gqu%%dii‘éﬂe‘i's
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sodi um hydr oxi de equi val ent, and drying and cal ci ni ng the extrudates.

[0007] Theqeiptmemnti endsetoh@ivalgsodudtedwith pSoPanesitanial strggzhg19dhasisproved

very effective in producing silica-bound catalysts wth crYsh strength
particularly problematic in the case of crystalline silicate catalysts, suc s
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



approachi ng that of extrudates nmade from al um na. However, when practiced
on a commercial scale, it is found that the extrusion is acconpani ed by
significanD 2o@s®snB8 sol i ds due to the phenonmenon known asTt/Use@blerbng” .
This means that the extrudate, instead df” having a snooth outer surface,
exhi bits m croscopiccracks in its surface where small fl akes or "feathers"
of the extrudate have separated fromthe surface. This not only causes | o0ss

of val uablegackat @l w§tsurBicer wakrdynadl Slakeends feathepgaiof thbeexthydate dlave
strength of the extrudate. [0008] It has now been found that the probl em of

"f eat her i sgpardtedi fipnexthe ustirbaceof Biibimet enkyhcawsesuloss efaivaliable gatadystor

avoi ded by enqpl oyi ng pot assi um hydr oxj de instead of.sodi um hydroxide in the
process o@%‘ﬁaﬁ‘grﬁs%ﬁ?ﬁ%ﬁf%ﬁﬁ!’ﬁ%ﬁﬁe Qbymgﬁlﬁjrq ﬂttl}eoes’%tr"gjfat olids as fines
during the extrusion process reduced by the use of a potassiumderived

al kali metal base or basic salt, but also the crush strength of the final

cal cined pogudyct i Ii M5 S, bdeRORSIndUrdeahenprobiem 6L STéatidthgindufing09, 570

disclose a method for preparing catalysts conprising ZSM5 and silica which
conpr i sesextrayiopr epailicay rioh emixturdabtan pesseduged i ostaveidednyyzempioying

anor phous precjpitated silica and an.acid gol|oidal, silica i first
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m xture h ext e mass resulting

from st ep ptadess keducdtdtyhetli® oPe potdgdiemL & dd dllali nsTaEb&R driBasicsul, (d)
calcining the dried extrudate resulting fromstep (c). However, not only do

t hese pat dat slsbaht¢ ctushaticbngtisof the fimadlwateined ptdduat eimprgvedt hey require the
use of an expensive acid colloidal silica and the provision of a scrubber
or other gas treatnment device to renove the ammonia vapors that are

necessarilygg) US Patent Nos. 6,576,120 and 6,709,570 disclose a method for
preparing catalysts comprising ZSM-5 and silica which comprises: (a) preparing
an extrudable mass by first mixing ZSM-5, an amorphous 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



rel eased in the drying and cal cining steps. [0010] International

Publ i cati on Nunmber WD 2006/ 026067- A1 descri bes a nethod for the manufacture
of a struwbDeoediobndy, which process conprises (a) preparcmgisaoadmhi
conposition free of organic sol vent cor’rﬁr'i sing (i) at |east one particulate
inorganic material, (ii) at |east one particulate silicone resin of average
particle size 700 mcrons or less, and (iii) water, and (b) formng the

bat ch conpgdidsiwith ieREelléht Propéities £id rb@aiyes ki dse dfhiilicoms fthspthay caiede
shaped- - bodies with excellent properties, it requires the use of silicone
resins thakpemsivhd wsedemsi veryilargessmlon a very | arge scale. SUMVARY [ 0011]
In one aspect, the invention resides in a nethod of form ng a shaped body
conprising formng a mxture conprising a particulate silica-rich material,
wat er andmum base or basic salt, wherein the total solids content
of the m rom about 20 to about 90 wei ght percent, extruding the
m xture into an extrudate, drying the extrudate, and heating the extrudate
to a tenperature of from about 3000C to about 8000C. [0012] Conveniently,

t he pot as§o0at] base dn bGmsiasped) thé Snpertaws iresidés/ dn oxinlethodypl dairhing a

pot assi um base or basic salt is added to the mxture in an_anount of from
about 0. 0shapedabedy comprising fomaingen MMIXEUrerCBPRSBE & paticuate silighichs

wei ght percent.,, on_a dry, hasis, .cal t assy ide. 1.
equi val ent}? BHale JVRiGT taﬁ%li ?o?%tfisse%'d'ini &ége&?ﬁ?‘ﬁsﬁc %%itt ts@ll%m)f{] ﬁl?ée%%osfg]dsAl s0,
conven emcb){teﬁ& BE el tup®ls HSmCAHHURR0 18faboliE 90 WighEpdreeit] BRiralilthdS> t o
about 80 wel ght percent.

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.



[0014] In one enbodinent, the particulate silica-rich material conprises
anor phous silica. In a further enbodinment, the particulate silica-rich
mat eri al worrped/mesisa crystalline silicate, metall osilicaCeuseo09/001091

si | i coal um nophosphate. In yet a furt hér “enbodi ment, the particulate
silica-rich material conprises a m xture of anorphous silica and a
crystalline silicate, netallosilicate, and/or silicoal um nophosphate.

[ 0015] Conveniently, the nmethod further conprises mulling the m xture for
about 1 mnute to about 2 hours prior to said extrudi ng. DETAI LED

DESCRI PTI DETAJLED PHESCRIPATONNnvention is directed to a method of formng
a shaped silica body by extruding a m xture conprising a particul ate
silica-rich material, water and a potassium base or basic salt,
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m xture i m about 0 about t percent. e resurting

ext rudat esilgat BRIy BY iektrudivib Benixedret Corapiisimpes patticalat silicrrishanateda)0C t o
about 8000C to produce the shaped body. In particular, it is found that by
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the initial mxture. [0017] The silica-rich material used herein can be any
parti cul atteisnfoumd Hiat dyntsingi agotassivandtasé ®@rvbaxic s9lpi radhéry than & sadiuis w %
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loss during the extrusion step is less than 5 weight % based on the total solids
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



metal l osilicate and/or silicoal um nophosphate, or as a m xture of anorphous
silica and a crystalline silicate, netallosilicate, and/or

si | i coal wwonopnospBat e. [ 0018] Suitabl e fornms of anor phegs/ustésoerobncl ude
silica powders, such as Utrasil VN3SP (commercially available from
Degussa) since this material is very cheap and easily available in |arge
commercial scale quantities. Qther nonlimting exanples of a suitable solid

silica sougaeow 6r biganic AddidEmedinm] priferably omd?PANondimitingee)amplds Dok usi |
(avail abl e from Tokuyama Asia Pacific), [0019] In addition, suitable
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I nc), Ludox (available fromWR G ace Davison), NexSil (available from
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contain sodium 1t (s, however, found that the presence of. sodiumions can
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used, a step o n exchange er to reduce or “renove

sodi um  TQeAdnedr qﬁhf&o%gtifgpﬁa@mﬁa@mairﬁﬁgmadium até us&d) esteprif iba use
silica sol's that contain very little or, ideally, no detectable traces of
sodi um anexbbargeanmy bel nequirtd|iaserdenan Rdubkbsir mmées ablinmt h&osavaida sol
used in the process.is slightly acidic. Non limting ,xansplle of sil.ica
sol s that CBBNING AUhIPTHEXERANES| HERT: 4L &% CORVEHERTIR use silica sols that contain

very little or, ideally, no detectable traces of sodium and have a pH value of less
than 7. Most preferably, the silica sol used in the process is slightly acidic. Non
limiting examples of silica sols that contain no detectable traces of sodium

include Nyacoi 2034DI, Nalco 1034A, Ultra-Sol 7H or NexSil 20A.

[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.



I ncl ude Nyacol 2034DI, Nalco 1034A, Utra-Sol 7H or NexSil 20A. [0020]
Suitable fornms of crystalline silica include m croporous and nesopor ous

nol ecul arweizememsment ai ni ng Si O tetrahedra, such as cryecaluseovs/osiobi cat es,
netal losilicates (especially alumnosifli‘cates) and sili coal um nophosphat es.
Non-limting exanples of such zeolitic materials include ZSM5, ZSMI |
ZSM 12, ZSM 22, ZSM 23, ZSM 48, ZSM 57, MCM 22, MCM 41, M 41S, MCM 48,

chabazi t ejod2ayj asi t ¢t igedd tposdible eol émployetie, present @rotess GAPdEICeSAPO- | |
, SAPO- 18, SAPO-34, SAPO-56, ITQ I, ITQ2, I1TQ3, ITQ 13, 1TQ21, |TQ 22,
| TQ- 24, mshapedcbadyifnomga frorstere: hE rasedrphpus siligacond @ gutstdlling anelgertar

t hereof and m xtures thereof. Non-limting ex I of ,such terials
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produce asgldaRnioPHoépHATR, 20fMdMR 8f n@ipiliRbAUsorhining rmolkdcalagrsistgl | i ne
nol ecul ar sieve, in which case the nolecular sieve may contain Si O

t et r ahedr auch hatan sluminepbesptatd andéornminestall ealuminephasphatse paovided dhee,
metal losiljcate and/ Qr silicoal ym nophogsphate, or e non-silicon
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nmet al | oal um nophosphate, provided the silica and/or silicate content of the
overall m xture exceeds 50 wt% [0022] In order to formthe shaped body,

the partiggg@je siligaordezhtd®opil @he i shapBdt badly,y the xegtivilate il -rignd a
pot assi um base, such as potassi um hydroxi de or a potassium basic salt, such
as pot assimaterialr isoinitially btixed avitlpiveatghand a potassihmcbase, sUitle as glodassian
anounts of the silica-rich material, water_ and .
hydroxide or a potassium basic salt, such as potassium carbonate, borate,
phosphate, or silicate. The relative amounts of the silica-rich material, water and
potassium compound are selected so that the resultant mixture has a total solids
content of from about 20 to about 90 weight percent, typically from about 35 to
about 80 weight percent, such as from about 35 to about 65 weight percent, and
contains from about 0.01 to about 15 weight percent, such as from about 1 to
about 5 weight percent, of the potassium compound on a dry basis, calculated as
potassium hydroxide equivalent, based on the total solids content of the mixture.
The amount of silica-rich material present in the mixture can vary within wide
limits, typically from about 5 to about 90 weight 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.



pot assi um conpound are selected so that the resultant m xture has a total
solids content of from about 20 to about 90 wei ght percent, typically from
about 35 wo 2001052480 wei ght percent, such as from about P8%/useocaooisp1 65

wei ght percent, and contains from about .01 to about 15 wei ght percent,
such as fromabout 1 to about 5 wei ght percent, of the potassium conpound
on a dry basis, calculated as potassi um hydr oxi de equi val ent, based on the
total solids content of the m xture. The amount of silica-rich material
present in the mxture can vary within wide limts, typically from about 5
to about $0024¢i ght pBrec enixture uishtypicallyoprepiased byocembabagtthgsingsedjpmts
percent of the overall mxture. [0023].1n dition to the silica-rich

mat eri al , {OBRLBST lé’rl%lnﬁﬁ?ra%?}hﬁ%c%kﬁ&m le, an Fipichmixer Obﬁl‘yh%qlinalxﬂggﬁ‘iec
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met hyl cel lul oSe pol'ymers. |If present, the polynmeric extrusion aid is
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such as from about 0.5 to about 3 parts by weight, per 100 parts by wei ght
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the solid conporients can be placed first in the mxer, followed by the

| i qui d corfpanedio thé eequirgdashaped badg. t ypi cal |y mi xed at room tenperature

and, if necessary, mlling can also be applied to break down solid
[0025] Particle shaping is generally performed by extrusion. Extrusion
apparatuses suitable for making rod-, cylindrical- or prism-shaped particles
typically comprise a hopper for introduction of the mixture being shaped, a de-
airing chamber, and either a screw-type or plunger-type transport barrel in which
pressure is generated for passage of the mixture through a die of the desired
geometry. The mixture is extruded onto a carrier belt and passed through driers
to relax the strain remaining after extrusion. The driers remove most of the
water from the extruded product, but typically do not remove any organic
material that may be present in the extrudates. Drying is usually performed at a
temperature of less than 200 °C, such as between 100 °C and 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



particles to a suitable size for m xture honogeneity, cohesion and
viscosity. Generally, the mxture is mxed for about 1 mnute to about 2
hour s befwoeodeiosysf ormed i nto the required shaped bodyPCraG2&p/oPapticl e
shaping is generally perforned by extradicon. Extrusion appar atuses suitabl e
for making rod-, cylindrical- or prismshaped particles typically conprise
a hopper for introduction of the m xture being shaped, a deairing chanber,

and eit he?r@ce%%sewﬂa’ﬂet&ﬁm@éﬂt@@ﬁb‘ﬂx‘ﬂ@enéde@myofd haederelthé rparticleb, pndssure
is generated for passage of the m xture through a die of the desired

ge_o netry. ra'mlevman%'mrgani@ matariad dbatomiay be presentein thel eatalyst pad dbef ¢eiHdugh
riers to,relax the strai engi ni fter ext Il on. The .dri

st of  HECHATAUTRBHSE I b5 ChaRwhDprisaude. BRI OESHS; LAy Nt Fehove
any organ L hat enpr 4.n t:he t e ' |

usual |y pl‘g?@tﬁgﬁhg‘kt étsht%eerrr{)gg}rﬁaetaupg g@(é éaggﬂt H%ﬁ %d{éégﬁgsg%ﬁ%%bﬁ%%ﬁen 100
0C and 15@;ffng tiyphncCathdut 300°T eMabadlt 8000, fdleimpler franPaboed500°@ttol east

10 m nutes, such as from 10 minutes to several hours. The strands obtained
af ter dryiabguta?80He.0Kkérorgpnicnmateadale argipeesest i the igneeny shapksk body, Wrissns.

The cylinders or, prisns are then sjeved and broken yp further to.fhe

Irequi rﬁd @Ffiférfleﬁnéét CE‘W%]OTN?’?@rP Sp‘Pn@‘eaﬂ‘E?SG‘P"‘gﬁ Hg aétle%Sttgn‘ﬁ)érz%@t“é of
ess than 2 he d [ ar S I : "Qareen”
parti ol s PEr ogthaL At AT SRR AR ofiL BB, HoHaY ' JRbIo periBam e

pol yneri ¢ caifaRinom thePreftdice ODStRY, SRR diftupd8f sieahtahd Yirhay erdorush
strengths that are too 'low for use i'n catal yticprocesses. Heat treatnents
are thus neobssiarshaped haditsnhdvieg pad¢sicideporeasize ramgey e Saitgbler eeloinationt er i al

that may be present in the catalyst and that could interfere durin se of
the shape@tmespheses sontaiel §rifces Yo steameanch9erli v, Y& airh for example 210

vol. % air and 98-90 vol. % steam. By varying the calcination temperature and
composition of the calcination atmosphere, shaped bodies with different pore

sizes can be obtained.

[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.



heat treatnment is perfornmed by calcination, i.e. by heating at tenperatures
rangi ng from about 3000C to about 8000C, for exanple from about 5000C to
about 75080.20d910874gani c materials are p (?sent i n the greemusbhapediobndy, it
is preferred that calcination take pl a‘ci fn the presence of at |east 2 vol.
%air, preferably at least 5 vol. %air. In addition, it may be desirable
to performthe calcination in the presence of steam such as a m xture of

st eam and_[@02r9i] in orfdgy shapédt ¢ilica Sbagedplvddced bpvihieg prestasi prteporie si ze
range. Suitable calcination atnospheres contain 10-20 vol. % steam and
90- 80 vol patdailatly fsuitableaaplaccatalyst wompoyseat andras @gagier, 601, aosuppersd By
varyi ng the cal cipation t?rrpe ature aﬁd copgpositign of t.he cal cinatign
g; lrm_sphe_ré?t"’i}‘%pe Op SerABY Gy WRER| O e$! ﬁ@-rwgfgnagqr SCUBRIIEES BHILFHEG O 0027
ci nati t ' o] ' i on the
; %ﬁaq‘i@ﬂo@sﬁ sﬁﬁg%ﬁ g Q?{)] e (Yraiécﬁﬁ{a-W@% al; {he][ fgﬁﬁessd@&’l’? B f8d

cal cinati nperature and e conposi e’ cal tination atnosphere.

The durat i tﬁ)réd\f&é' & spedUbddyC tembrisingad kiivarsimdateodite anlytgdnianotiirer i al
present in the particles, and should al so be sufficient to harden the

particl eis embadiment sthe eshaped ébodyHisvéommed datioca reatdlypst byclepesiiog ba barri ed
out too long to avoi d shaped body degradati on. Typically, the.desir.ed
results arbé’%XC HPe\cE@mRBIe B | NITEERHIOTL 2PRS (P4t Wﬁr@omﬁtﬂrﬁeﬂ{gamg AWVfe of

from about_ 10 . bgu ' t
it os. . PR0S SRRk BER B SRy ofliouRds bs Mol R R o B 1O VIR
typi cal l'y ghasGaup V3T &f iRNBéRodic Pablk GTSEleatd/ Ta( §ecifié ieifBbdiment,
conveniently at least 715 g/mm (40 | b/inch), when determ ned by the strain
beam met hahle wédthlyst ZohTfrises @lkHidanshipedhvbddyc anf iwghicht icobalf 00giele ahd
shaped silica body produced by the present process is )
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.



particularly suitable as a catal yst conponent and as a carrier for a
supported catal yst. For exanple, when the silica-rich material conprises a
m xt ure ooanwwpbnss silica and a zeolite or zeolite-typerrme@vioadosl t he
process can be used to produce a shapeﬁlbbdy conprising a silica-bound
zeolite catalyst. In another enbodi nent, the shaped body is forned into a
catal yst by depositing on the body, for exanple by inpregnation, one or

several mgggaR]cont ailfi the Efféﬁ\%&s,ﬂﬂfﬂ'is@l‘ﬁcesdtéilv%s defeai$neal bgomipegeds of
netals selected fromGoup |IVb, Via and GrouE)g/VIII of the Periodic Table of

El ement s. atlsorptispeusingca dfivooiingsitics Tristarc snstoonenti sBereavelume §Nshaped
body on which cobalt oxide_and nolyb um oxi de have, been deposited. In yet
anot her eW&cﬁf’rijeme,dlacrhﬁo@lﬁﬁ@(?tq{m %9&F5F@}%d%¥§"}§i"}?§t P INCSHTOSER whi ch

conpri ses Lt [ I.te: ' with silica and which
supports 8?%&%?102 veear%gfezrgrrgétg’l gcccté)%@glfgglgtrﬁgé acllqg% nmetal s. [0030] The shaped
bodi es nade by the present nmethod are useful conponents of catalysts for
use in a wide variety of catalytic processes, especially those that require
rapi d di f {@0S3pn of MPeageolme(BV)s otdianspoter diagietert (Pheanditethl pore area
Non-limting exanpl es of such catalytic processes include reacgti si ng
hydr ogen, Wie @l %W'@Sérhi/tmSFﬁurMégmlﬁ‘lQFiP%??H}?,tth%?Qf%iﬂig fythe ASTM

hydr of i ni shi h oerackin o] i zat | Ckl.O c .
support ed i42§f1£e)¢3- Nﬁ%@gg’o?ssﬁﬁlggl %ggﬁgﬁgoﬁ@%g’?zgﬁoﬁdrr @Zeg I 'ons, asilé Al ytic
cracki ng, ugﬁ%az{ Miktfondansesl AgtoPorE VIO R0 9@ BReaftt | on, ol efin isonerization,
al kyl ation, for exanple aromatic al kylation, reformate al kyl ati on, phenol
al kyl ation, the conversion of light olefins to gasoline, distillate and
| ube range hydrocarbons, . ] .
[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.



t he conversion of oxygenates to hydrocarbons. [0031] The invention will now
be nore particularly described with reference to the follow ng non-limting
Exanpl es.wOQ8®}1051a8t he Exanpl es, BET su 2f':ace area was decerus2ovedoiny1

ni trogen adsorption, using a Mcrorreri’tf S Tristar V6.05 instrunent. Pore
volunme (N2 PV) and nedian pore dianmeter (N2 PD) were also determined from
the nitrogen adsorption neasurenents, according to the BET nethod. [0033]
Por e vol uxal ,1 medi an pore dianeter (PD) and total pore area were al so
determ ned by nercury intrusion porosinetry, according to the ASTM D

4284- 03 net hod, assum ng a contact angle of 130 for nercury on silica,

i M titi Aut oP L\ 95 | . 034] Th L.ym
Eib?gn_?, W con D PSn AL HeIE: SOV e (iAo abtay wofuDpitd 92
I nductive BN S , i
nstr unon o LU IGPRRS BRI AN SPSERY: 1 R ey e
strength ofluglox sodiglsdeid®nBiprett by wayghtas watet Feere miedswitk Rfithparts BP0 or

nore particles, determined with a Vankel VK200 Tabl et Hardness Tester,
usi ng a stweaght bBanl 2wthofjugous potasims hydrozidg salution Aavas te ereduaer at i on.

The principle of the net i s that forgce i ied by t to th
pﬁrti cl FI &ﬂﬁt‘{rﬁé"“&b ) %‘9? é‘fme?&ﬁﬁ%“g%fﬁﬁds%wﬂél@‘%fﬁp?%&g%n‘hg be:m
t hat wi i r j L th
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strength edixér - With ¢he™Panl Afia6dn dntrlate rytdtioR bethabgihgcomithelt edspekctivea

avail abl e from Degussa having a silica content of 98 W% a sodi um content
of about high wettinganfor 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.
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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

Ultrasil VN3SP silica,

extrusion aid), a 12wt% aqueous potassium hydroxide solution and water were

[0041] Avicel (a microcrystalline cellulose
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



[ 0039] Exanple 1 was repeated but with the potassi um hydroxi de sol ution
being replaced with 250 parts by weight of a 12wt % aqueous sodi um hydr oxi de
sol uti on wo 20évatsi4he NaOH was present ig t he m xture i npam/mpmanvioofl 3 W %
on a dry basis based on the total solid Azontent of the m xture. Again the
results are summarized in Table 1.- - Table 1 [0040] It will be seen from
Tabl e that the process of Exanple 1 using potassium hydroxide as the

pepti zi ng paghive thet figdll shapeddbiesd Hhen thébetyoHadnesoledsits ensdr sttengthh t he
17.2 wt % fines obtai nedaPn Exanple 2 with so%/i um hydr oxi de as therygt

pept i zi ng waganeasubed ard the fasseloss svasingeasveer and found wHeg witheyhfeathespgt h

that that of Exanple 1 (84 Ib/in versus 64 Ib/in). Exanple 3 [0041]

Utrasil VN3SP silica, Avicel (a mcrocrystalline cellul ose extrusion aid),

a 12wt % aﬂb@ggs POt g %yr@gﬁgfﬂev% e gegjlpgdqa LR y@&g&ﬁgr&g £ vﬁﬁéﬁe‘?ﬁé 0

produce a eous m Xt aving a S content o

sol i ds beiaffbum@raopd dwafer 130caalyiss addt snai pHVASEP for | i20ansinhiedsand2éhipar t s
Avicel and 2 parts KOH on a dry basis. M xing was conducted in an Eirich

m xer, wi phodedareanay ocpeateth watid thieapgH mot tangsn duwngedei dygadm theetrush
respective high settings for_the ui pnent. M xing,was cont.inued . until an
ext r udabl SUBRREHIVES W§§g%gaim@cproﬁgé ‘g’ S Sf‘g’é?ﬂtg‘éﬁ‘? apmeRirE xchange, yded

to produc qeadr il gbeye t i A o Of h/ 20 . nm .
The extr u%&fég seag;@hgnﬁgrl%%é@? %utfl%ﬁltgdgr@gl?ﬁ%rg a%ﬁn%gaedgng%dérég ci ned
at 5400C LpenSfl Whe'HeaSurled: The results of the crush strength measurements and the

other properties of the shaped body are summarized 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



produce the final shaped body. Wen the body had cooled, its crush strength
was neasured and the fines | oss was neasured and found to be w thout

f eat her s.wpQOeb3iosee product was then refluxed in a hot pewlusecomoresi ng 10
times the amount of DI water as cataIyS} and at a pH < 10 for 120 m nutes
and this procedure was repeated until the pH no | onger changed. Again the
crush strength was neasured. The product was then subjected to ammoni um

exchange MN3IOPGliatddlids ladapped K G dfy basis allhesmixtuieowaamdixadann t he
crush strength was neasured. The results of the crush strength nmeasurenents
and t he osheEipchpaixerewithf thehpars hetptidn adly blade rotatinn boty bemgran|theip,
Exanpl e 4 [0044] The, process .of Exanple 3 was,epeated but. wth the initial
aqueous nf GF‘é"%}Vg]hgsegl%ﬁ fofs t}é%r?zg‘mmﬁ‘?t' 4MIB%WP§FF inugd, wft"gn;i g
conposed ] | Ll - SP silica solids, 20 parts Avicel and 4
parts ng%tﬁ&ggoc}rgiﬁ%g%ﬁgs‘%%gg%ggerties of the resultant shaped body are
sunmari zed in Table 2. Exanple 5 [0045] The process of Exanple 4 was again

repeated but with the initial aqueous mxture having a solids content of 42
W % The[@HGperti eThef resudtanesoixtunet velsapettudesty tar prosluseras i quadralabgabl e

2. Exanple 6 [0046] .Utrasil VN3SP sil.ica, 12 % aqueous, potassi um
Eydr OXi de%@P&@tPoh‘\anﬁﬂ q,\,gtaérlaet%,o ]({é Pﬁ]écfl?i)nﬁp duf c gﬁtr&aﬁ@gﬁ’é‘s nt?llﬁ’bjur e

aving a soli 3] % W th LI lo f.100
partoor Biep ol ZROREGRRL) B & el b EalSfel 4 A% GO T BB o T
m xture wWagodlickelle! 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.



an Eirich mxer, with the pan rotation and bl ade rotation both being on
their respective high settings for the equipnent. M Xxing was conti nued
until an wetwedabise m xture was obtai ned. [0047] The regglrttspdoomorobur e was
extruded to produce a quadrul obe extrudate having a diameter of 1/20 inch
(1.3 mm. The extrudate was then dried at 2500F (121C) for 60 m nutes and

calcined at 538C for 60 mnutes to produce the final shaped body. Wen the
body had cool g4, LS \grush st Loenq(gh was | measur bd af 80 | bs/inch. [0048] The
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a | N aqueous 3§ T uri ni|Prat g75olTtijoh anid Fgaili tie grugh sErengt h was
measured. The [resllts off the [crush strength rreasurerrertsoandﬁt%e ot her
properties of géé%h ed=body|&ar ¢Rsul@ranRze® i nSTalRt e 2. BExagpFe 7 [0049]
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clainms for purposes of determning the true scope of the present
invention. Table 2 (1) %OSAT refers to percent olefin saturation and can be
measur ed woao@/Bsmsi ne i ndex conpari son of feed and pro@gTtusesooly10&GC
analysis. (2) H2O PV refers to water p'org' vol une and is nmeasured by
contacting say Igmof catalyst with water and letting it equilibrate. The
wet catalyst is renoved and blotted (but not dried) and wei ghed again. The
i ncrease igLAEMEt expressed as cc H2O (gmcatal yst) is reported as the
wat er poré& volunme. CLAIMS 1. A nethod of form ng a shaped body conpri sing
formng a mxture conprising a particulate silica-rich material, water and
a pot assi ym base or i alt, wherein, the total soli content .of the

b
m xture i9-frod JB8HO glgft gt §HapRd Ay EPRPRISING IOTMENG PHEM Xt ur e

into an e [ - ext. . ' : 0 a
terper at e Badieds O B HEH 3B BRfRE A AP IRREbRNERE odi® 7
wher ei n t Rgie PRhefesh Wi fsiesdlidsanitént S the ingixb@eds fiodbpdt 08itdebodt 90he
met hod of claim1 or claim2, wherein the particulate silica-rich nmateri al
conpr i ses vaightppereent i dxitowling thd meixterehingio gin exiyugatecdriing the aixtiudater ei n
the particulate silica-rich material conprjses cr line sili e,

pr ef er abl yngdeating the eHEIGAte £ tgppgmurﬁrcgjészr@O&lF gﬁ{)n \Rﬂ’légg‘i‘%éqqcif'tot al
solids content of the mxture is from35 to 65 weight percent. 6. The

met hod of any preceding claim wherein potassium base or basic salt is
added to bhe nipHeUpfthdd AT SPRUN, QfhdreRMite PbtdsSiukh WEedbF tasicCealt. is
preferably 1 to 5 weight percent, on a dry basis, calculated as potassium
hydr oxi de petpssiuah Bptdroxddsed on the total solids content of the mixture.

3. The method of claim 1 or claim 2, wherein the particulate silica-rich

material comprises amorphous silica.

4. The method of any preceding claim, wherein the particulate silica-rich

material comprises a crystalline silicate, preferably ZSM-5.

5. The method of any preceding claim, wherein the total solids content of

the mixture is from 35 to 65 weight percent.

6. The method of any preceding claim, wherein potassium base or basic salt
is added to the mixture in an amount of from 0.01 to 15 weight percent,
preferably 1 to 5 weight percent, on a dry basis, calculated as potassium

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

7. The method of any preceding claim and further comprising mixing the

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



7. The method of any preceding claimand further conprising m xing the

m xture for 1 mnute to 2 hours prior to said extruding.- | o - 8. The

nmet hod ofwenyoypmemedi ng cl aim wherein hge solids | oss @amiusgoeadmo1
extruding is less than 5 wei ght % based*®dh the total solids content of the
initial mxture. 9. The method of any preceding claim wherein said drying
is performed at a tenperature of | ess than 2000C. 10. The nethod of any

precedi ng 8¢l ai MhewmettRidof bRy @recading €lditm, heldreth the solidsmjuss aturing ofidf r om
5000C to 7500C. 11. A catal yst conprising a shaped body produced by the

met hod of eatrpdingeisddssthasl Siwaight?% bassdoerethe tadal sdidseganteny of thedndidr bon
f eedst ock, wherein the hydrocarbon feedstock is contacted wth the catal yst
of clai m MX{HBer conversion conditions, to forma converted product .

9. The method of any preceding claim, wherein said drying is performed at a

temperature of less than 200°C.

10.  The method of any preceding claim, wherein the extrudate is heated to a

temperature of from 500°C to 750°C.

11. A catalyst comprising a shaped body produced by the method of any

preceding claim.

12. A process for converting a hydrocarbon feedstock, wherein the
hydrocarbon feedstock is contacted with the catalyst of claim 11 under

conversion conditions, to form a converted product.



