METHOD FOR MAKI NG SI LI CA SHAPED BODI ES FI ELD OF THE
I NVENTI ON [0001] This invention relates to a nethod
wo ovo7medererg shaped bodi es, to shaped bodi es MeERPeT/DF2007/000999
such nmethod, to catal yst conpositions conprising
shaped bodi es nmade by such nethods and to catal ytic
conversi on processes using catal yst conpositions
conpri si ng shaped bodi es nmade by such net hods.
BACKGROUND OF THE | NVENTI ON [ ©b62] Many i ndustri al
processes use active materials that need to be
supported on shaped bodies or that need to be bound in
shaped DMETIZODB ¥ ORdYI AKINE SihidlAe S HhaBED BRDIES
reactors. Exanples of such catal ysts include supported
netal s, supported netal conpl exes, supported

t ' eolites and bound zeolite-type
Iﬁ@(g‘gﬁ?gﬁsfﬁgglgevd@@ﬁ?)e% are typically nade of silica,
al um na, alum no-silicates and other types of
i norganic refractory oxides. | norgani c oxi de catal yst
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The m xture is fornmed into particles of various

ustrageatal yst Compasitians| esimprsingebepgd badiss deade by such;sreghods.

as catalyst carriers, these bodi es nust have

appropriate surface properties, sizes, shapes and

PRCGEGROUND OF THE IR VEENTIENamounts of active
materials and to enabl e catal yst handling, especially
uring reactor |oading and unloadi ng. The shaped

d
[8885]% mﬁ%n? liggusk%galslt)rro%ggse%nu%légalg:tive materials that need to be

supported on shaped bodies or that need to be bound in shaped bodies, so they

can be handled and loaded in reactors. Examples of such catalysts include
supported metals, supported metal complexes, supported organometallics,
bound zeolites and bound zeolite-type materials. Shaped bodies are typically
made of silica, alumina, alumino-silicates and other types of inorganic
refractory oxides. Inorganic oxide catalyst shaped bodies are typically
prepared by forming a mixture of one or several sources of the inorganic oxide
in a suitable vehicle, said vehicle typically being water, an organic solvent or
mixtures thereof. The mixture is formed into particles of various shapes, dried

and calcined.

[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 and to enable catalyst handling, especially during
reactor loading and unloading. The shaped bodies must also be strong enough
to sustain catalytic conditions, and 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.



to sustain catalytic conditions, and they nust also
have appropriate porosities and shapes to avoid high
w@r@sausees dr ops across the reactor and al |l ow t P€T/US2007/000999
desired catalytic reactions to take place. (0004] The
choice of catalyst carriers will depend on various
factors, such as, for exanple, the type of catalytic
mat eri al used, t he required catalyst strength and the
required dlfoSIVIty across cafal yst particles. [0005]
Wil e silica shaped bodi es have been known for a | ong
time and are comercially available in various forns,
silica shaped bodi es having | arge pores are not easy
[06€4]0bt artheQthdidé 8?0&9%'&9?@&5% | &pe Fmﬁ l?(ﬂ.'lscf.%lctoef's?dsuc:h
econom c reasons tec a in
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siljca,, resides in.the difficulty in formng suitable
strggly g eerre oy CEASSHFAPYBLRALELS: n

conventional particle form ng equi pnment, such as
extruders, for exanple. [0006] US Patent Nos.
(080476, 12Whdadil&aihapsd Godicchascbeeniatidien f6104 long time and
reparing, cat al s, conprising ZSM5 and silica which
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the first honpgeneous m xture such that the pH of the

ingrganict MAFT AT afi Sitica.acpidss in the %‘ﬁéw%m\f@mmg(mtable
pISSIAY BRI @t LARDEFLRSS) [P Inb] BRI Portithe

ruda e resu froms

eqGipmern| such meith@ddis,l Rﬁle&nhmldat e resul ting fromstep
(c). [0007] International Publication Nunber WO
2006/ 026067- A1 descri bes a

[0006] US Patent Nos. 6,576,120 and 6,709,570 disclose a method for
preparing catalysts compfising 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 resultihg second mixture has a
value of above &, (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).

[0007] International Publication Number WO 2006/026067-A1 describes a
method for the manufacture of é structured body, which process comprisés (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 cofnposition into a structured body. While this method provides shaped



met hod for the manufacture of a structured body, which
process conprises (a) preparing a batch conposition

wé e@e/1ed670r gani ¢ sol vent conprising (i) at | eaBCT/ORB®07/000999
particul ate inorganic material, (ii) at |east one
particulate silicone resin of average particle size
700 mcrons or less, and (iii) water, and (b) form ng
the batch conposition into a 2%ructured body. Wil e
this method provi des shapedbodies with excell ent
properties, it requires the use of silicone resins

t hat can be expensive if used on a very |arge scale.
bedisay '%/@X?f’dlﬁ‘@t REWSTHERJ! EENBIGSHBE Woel of siliogmkiragins that can be
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can easi | e’p ared ‘and processed in |arge
comercial scale particle form ng equi pnent.
Furthernpre, the nethod of the invention allows to
(0P8 si | Weahavmpew fovnd esner method fgr pakengssities shaped bodies
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maki ng a shaped body having a silica content of at
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sol having a pH below 7, and at |east one polyneric
organi c extrusion aid, and optionally suppl enent al
SUﬁgM@RﬁéQEﬂiHErE%EM!ONater; b) drying the shaped
body obtained in step a); and c) heating the shaped
body to a tenperature rangi ng fromabout 500 0OC to
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to an anoun fromabout 4 wt% to about
haviieg esélied contanuof atdeastiqs wa%d, the meethiodtconeprising theisteps of

a)?pgﬁil‘% éﬁh?é%{gpgh%w gzg%%%%a}qh ' i)%lf:?tr]ggset%nienamorphous
silica powder, at least one silica sol having a pH below 7, and at least one
polymeric organic extrusion aid, and optionally supplemental liquid medium,
preferably water; b) drying the shaped body obtained in step a); and ¢) heating
the shaped body to a temperature ranging from about 500 °C to about 800 °C.
Conveniently, the silica sol contributes to an amount of from about 4 wt% to
about 40 wt% of the overall amount of silica in the mixture used in step a).
Optionally, the mixture that is shaped in step a) further comprises crystallites of
a zeolite or zeolite-type material, preferably in an amount that does not exceed

the amount of silica in the mixture.

[0010] Step c) is preferably carried out under one or several of the
following conditions:

- in the presence of steam;

- in the presence of steam and air;

- in an atmosphere containing at least 5 vol. % air;

- in an atmosphere containing at least 10 vol. % steam.



a zeolite or zeolite-type material, preferably in an
anount that does not exceed the anmount of silica in
wo b@7misetar e. [ 0010] Step c) is preferably carpPCEUSIOT/000999

under one or several of the followng conditions: - in
the presence of steam - in the presence of steam and
air; - in an atnosphere containing at least 5 vol. %
air; - in an atnosphere cont aIA’]I ng at least 10 vol. %

steam [001 | J Preferably, the' polyneric extrusion aid
Is selected from pol yvinyl al cohols, cellul ose,

cellul ose ethers, such as nethylcellulose and
hydroxypropyl nmet hyl cel | ul ose polyners col | oi da
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extrusion aid is used in an anount of from about 0.5
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silica shaped bodies having a silica content of at

| east 85 wt% that uses at |east one anorphous silica
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converting hydrocarbon feedstocks using such catalysts.
DETAILED DESCRIPTION OF THE INVENTION

[0013] The invention relates to a method for making silica shaped bodies
having a silica content of at least 85 wt%, that uses at least one amorphous
silica powder, at least one silica sol having a pH below 7, and at least one
extrusion aid, and optionally supplemental liquid medium. The method of the
invention uses starting materials that are readily available on a large scale. It
provides a convenient method to form shaped particles from a plasticized
formulation mixture. The method of the invention also uses a step of heating
the formed particles at high temperature, preferably in the presence of steam,
most preferably in the presence of a mixture of steam and air. This allows the

preparation of silica shaped bodies having large pores and good crush strength.

[0014] For the purposes of the present invention, silica sols are stable
colloidal dispersions of amorphous silica particles in an aqueous or organic
liquid medium, preferably water. Non-limiting examples of commercially

available silica sols include those sold under the tradenames Nyacol (available



i nvention uses starting materials that are readily
avai l able on a large scale. It provides a convenient
woredoiagset© form shaped particles froma pl astiecwed2007/000999
formul ati on m xture. The nmethod of the invention also
uses a step of heating the forned particles at high
tenperature, preferably in the presence of steam npst
preferably in the presence of a mixture of steam and
air. This allows the preparatidon of silica shaped
bodi es having | arge pores and good crush strength.
[0014] For the purposes of the present invention,
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[0015] Any amorphous silica powder can be used to form the mixture used
in step a), provided it forms with the other ingredients used in step a), a mixture
that can be extruded. We have found Ultrasil VN3SP (commercially available
from Degussa) convenient, as it is very cheap and easily available in large
commercial scale quantities. Another non-limiting example of suitable solid
silica source is HiSil 233 EP (available from PPG Industries).

[0016] The mixture shaped in step a) may optionally also comprise
crystallites of at least one zeolite or zeolite-like material. Non-limiting
examples of zeolites or zeolite-like materials that can be used include
microporous and mesoporous crystalline silicates, aluminosilicates,
metallosilicates, aluminophosphate, silicoaluminophosphates, |
metalloaluminophosphates and intergrown froms thereof and mixtures thereof,
such as, for example, ZSM-5, ZSM-11, ZSM-12, ZSM-22, ZSM-23, ZSM-48,



detectabl e traces of sodiuminclude Nyacol 2034DI,

Nal co 1034A U tra-Sol 7H or NexSil 20A. [0015] Any
waempkssos silica powder can be used to form t P€T/US2007/000999

m xture used in step a), provided it forns with the

other ingredients used in step a), a mxture that can

be extruded. We have found U trasil VN3SP

(comrercially avail able from Degussa) conveni ent, as

it is very cheap and easily av&rlable in large

commercial scale quantities. Another non-limting

exar&lle of suitable solid silica source is H Sil 233
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the process of the invention uses a step of heat
alymigBicaLes P gREmanea R oS Hicaes ViR & ek 10 @lugrina molar
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or enhancing, its catalytic properties during the

steam treatnment step. The process of the invention is
L.exa e well suited,for zeolite materials
[Jéﬂ&] ai nﬂl}be Aixture s%ape In step a) also contains at least one polymeric
organic extrusion aid. Non limiting examples of suitable polymeric organic
extrusion aids include polymeric materials selected from polyviny! alcohols,
cellulose, cellulose ethers, such as methylcellulose and hydroxypropyl methyl
cellulose polymers, colloidal sifica, floridin, carbon powder, graphite,
polyoxyethylene, mixed walnut shell or mixtures thereof. Conveniently, the

organic material is a polyvinyl alcohol.

[0018]) The mixture shaped in step a) contains a liquid medium, such as an

organic or aqueous medium. Preferably, the liquid medium is water.

[0019] The amounts of ingredients can vary within wide limits, provided
that the mixture used in step a) has the appropriate fluidity and cohesion to be
converted into shaped particles. The person skilled in the art will appreciate
that the ratios of the mixture components will be different, depending on the
physical and chemical properties of the ingredients used, as well as the shaping

technique used. Preferably, and not taking into consideration the weight of



or low levels of alumna that could | each out of the
crystal structure upon treatnent with steam
wolovrhiseré i ng exanpl es of such material s i ncl UBET/US2007/000999
alum nosilicates or germanoal um nosilicates having a
silica to alumna nolar ratio of at |east 10. [0017]
The m xture shaped in step a) also contains at | east
one polynmeric organic extrusion aid. Non limting
exanpl es of suitable polyneri-d organi c extrusion aids
i nclude polyneric materials selected from pol yvi nyl
al cohol s, cellulose, cellulose ethers, such as
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preferably fromabout 12 w.%to about 30 wt. %
cnapta?lﬁt@stogtzgp 1%&%]1& type material, if such crystallites are present in

the mixture.

[0020) The mixture which is used in step a) is typically prepared by
combining the ingredients together in a mixer, such as, for example, an Eirich
mixer or a wheel mixer. The mixture components may be added in different
orders to the mixer. As a non limiting example of how the mixture might be
prepared, the solid components can be placed first in the mixer, followed by the
liquid components. The components are typically mixed at room temperature
while the silica sources, polymeric material, water and optionally the
crystallites of zeolite or zeolite-type material are combined to form the mixture.
Mulling can also be applied if necessary, to break down solid particles to a
suitable size for mixture homogeneity, cohesion and viscosity. The amount of
liquid medium, preferably water, can also be adjusted at any stage of the
mixture preparation, to obtain a mixture with viscosity and cohesion suitable

for the chosen particle shaping process (optional supplemental liquid medium).



of silica used in the mxture that is shaped in step
a). The optional zeolite or zeolite-type materia! is
wo y@raadeliy present in an anount that does not PRT/ESI0T7/000999
the amount of silica used in the mxture to be shaped
in step a). As to the anpbunt of polyneric extrusion
aid, it should be kept as | ow as possi ble but should
be sufficient to facilitate extrusion. For exanpl e,
the polyneric extrusion aid t8n be used in anounts of
fromabout 0.5 to about 10 parts by weight, preferably
of from about to about 7 parts by weight, nore
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m xt ure honbgeneity, cohesion and viscosity.

lS@rﬁQ,ertdalllyl efufirdmn20 G todref 62 &dxl 3 peribd of ad:dmasallﬁanbwtes
suaﬁ“as tc»en(jn 1 m‘rilrrl1 tes tg geveral }tmours 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. If
shaped by extrusion, the mixture used in step a) preferably has a solid contents
of 35 to 55 wt%, preferably of 40 to 50 wt. %, most desirably of 40 to 45 wt.%

-and conveniently of about 43 wt.%.

[0022] Spherical shapes can be obtained using a spherudizer, such as a
McNally-Wellman pelletizing disc or other similar equipment. The
spherudizer consists of a rotating disk operated on an angle. As it rotates,
smaller spheres used as seed material are place in the bottom part of the disk
and a spray of cohesive slurry is sprayed onto them. As the moisture in the
slurry evaporates, the solids form a layer on the exterior of the spheres,
increasing their diameter. As the spheres increase in size, they segregate into
sections where the material of the desired size can be removed. Sphere or

pellets can also be formed with pilling machines.



m xture preparation, to obtain a mxture wth

vi scosity and cohesion suitable for the chosen
w@aswitedees shapi ng process (optional suppl ement BETAUSTOT/000999

medi unm) . (0021) Particle shaping can be perfornmed by

any method known in the art, such as extrusion,

conpressi on nol di ng, spherudi zi ng or other bead

shapi ng techni ques. Preferably, particle shaping is

perfornmed by extrusion. Extrusion apparatuses suitable

for making rod-, cylindrical or prismshaped particles

typically consist of a hopper for introduction of the
(0023 ur e Bé’tanghsh?m;geand drydegiat a tgmp batirerqf lasdthaint 306 °@, the

sied i tefes e RavlE e eRa 50 58 SaEren” RoRUCIEs v rein Satalyst,
Erg%‘&h}éﬁ’ti@'l& Qi EB@taﬂ?ﬁ%\/ ?l %@%Ef{ﬂfus&g ﬁ“r‘%ﬁ%{ §¥'h§ve

exttuded onto a carrier asse ers
been nsddhand tpisdlhahave enshmtreg gefst that epettbusloonforme in

dr rs r enove st of the water fromthe extruded i
tfclerocsiﬁest E%a& AT9yMgRts e thesmgeessaty tehpaden the particles,

aﬁ@?@rﬁb@{e ah{ %§%§m¥ &t cPRE 8RN iy bd F?es%m l;d"fil%g %lﬁ/g{ Xr%%nat

IS usua r med at a tenperature o
codld lstﬂr[*erasiubﬂg\/\mmﬂﬂh@ s(h@p@dhﬁodﬁz@ MR they prexisk Wi Oie invention,
from 120 OC to, 140 OC f a period of at |east 10
syghhligatdreatment isparfem by saleinasionel & PROGAENE The

te?‘xfn;éégggﬁtegan?rlﬂg ‘#r(ff{nt gouggbﬂ)‘@ t@ﬁﬁoﬁr ﬁﬁg@:dﬁle%egaé ? g?gljro% about

ers or rsns.

55)0?@(@ abowet 730°C Snehe@rmdcbbﬁk&ﬁnu PPdfetabey, da(bcnhbﬁon is
required size range. |f shaped by extrusion,
P?ﬁfQFUF@ !mgf@dpreﬁe%@eeaf amizpueatstiam pad aar sk mier to obtain

SRR ALl 1 Al baR iRl etk et

cabﬁmhoﬁ:’atmos%e:[emﬂﬁinnsm ¢gdscal mmmemnpmemmn Rast 15
usi ng a spherudi zer, such as a MNal ly -\l | man

vk " Stqa, r?glddr@&e prefarabdy. afilgastz0 ‘édu/?)ﬁ‘éﬁ{" Ao, if organic

materials are present in the green shaped body, it is preferred that calcination
take place in the presence of at least 2 vol. % air, preferably at least 5 vol. %
air. In one particular embodiment, the calcination atmosphere contains 10-20
vol. % steam and 90-80 vol. % air; in another particular embodiment, the
calcination atmosphere contains 2-10 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. We have
found that the higher the temperature used during steaming, the larger the pore
size. The pore size of the shaped body can thus be varied very simply by
changing the calcination temperature. This optimizes the diffusion properties

of the shaped body according to its intended use.

[0024] Calcination conditions can be applied 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



spherudi zer consists of a rotating disk operated on an

angle. As it rotates, smaller spheres used as seed
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a spray of cohesive slurry is sprayed onto them As

the noisture in the slurry evaporates, the solids form

a layer on the exterior of the spheres, increasing

their diameter. As the spheres increase in size, they

segregate into sections wherel@he material of the

desired size can be renoved. Sphere or pellets can

al so be formed with pilling nmachines.[0023] After
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the range of from about 200 Angstroms to about 500 Angstrdms, and .
preferably of 220 Angstroms or more, conveniently in the range of from about
220 to about 450 Angstroms. Preferably, the shaped bodies have a median
pore size of 600 Angstroms or less, preferably of 500 Angstroms or less,

conveniently of 450 Angstroms or less.

[0026]) For the purposes of the present invention, median pore sizes are
determined by mercury intrusion porosimetry, according to the ASTM D4234-
03 method. The pore size distribution may be monomodal, bimodal or

plurimodal. However, monomodal pore size distributions are preferred.

(0027] The silica shaped bodies made by the method of the invention are
non-crystalline, amorphous solids, that is, excluding the crystallinity provided
by zeolites or zeolite-like materials, if present. Their solid structure possesses

substantially no short distance or long distance order, such as that found in



air. In one particular enbodi nent, the cal cination
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sphere, cylinder base or prism base shape conveniently has a size ranging from

about 1 mm to about 3 mm, preferably from 1.1 mm to 2.5 mm.

[0029] Preferably, the shaped bodies made by the method of the invention
have a pore volume between 0.5 and 2.0 cm?®/g, more preferably between 0.8
and 1.2 cm*/g, and even more preferably between 0.8 and 1.0 cm’/g, as
determined by mercury intrusion porosimetry, according to the ASTM D4284-
03 method.

[0030] In another preferred embodiment, and in particular, if no zeolite or
zeolite-like materials are present, the method of the invention produces shaped
bodies having a surface area, determined by BET, ranging from 50 to 150

m?/g, preferably ranging from 60 to 140 m%/g.

[0031) In another aspect of the invention, the silica shaped body made by

the method of the invention contains a very low level of alkaline metal ions,



respect to the total weight of the shaped body,
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pore size of 180 Angstrons or nore, conveniently in
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[0032]) After the heat treatment, the shaped bodies made by the process of
the invention typically have a crush strength of at least 625 g/mm (35 Ib/inch),
preferably between 625 g/mm (35 Ib/in) and 2144 g/mm (120 Ib/inch), when
determined by the strain beam method with a 3.175 mm (1/8 inch) Anvil

configuration, as described in the experimental section.

[0033] - The shaped bodies made by the method of the invention are useful
components of catalysts intended for use in 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



[0028] The silica shaped bodies may be made into
vari ous shapes and si zes, depending on their intended
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of suitabl e shapes include spheres, beads, cylinders,
prisms wWith various prism base shapes, such as, for
exanple, trilobe or quadrul obe prism base shapes,
t ubes or honeyconbs. Also, if intended for use as
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si ze ranging fromabout 1Immto about 20 mm In the
case of spheres, cylinders or prisns of various
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gonvenientgy has, a size ranging fromabout 1 mmto
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Preferably, the shaped bodi es nade by the nethod of
the invention have a pore volune between 0.5 and 2.0
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invention, and one or several metal-containing active metals.

[0035] - To deposit active materials on the shaped bodies made by the
process of the invention, the shaped bodies can be impregnated by a solution of
the active material or a solution of a precursor of the active material, by
methods well known in the art, such as, for example, incipient wetness. In the
incipient wetness method, a solution containing the active material or a
precursor thereof is mixed with the shaped body up to the point of incipient
wetness. The impregnated shaped body is then heated and dried at
temperatures typically in the range of from about 50°C to about 200°C. Drying

can take place under vacuum, or in air, or inert gas such as nitrogen.

[0036] In a preferred embodiment, catalysts comprising a shaped body
made by the process of the invention are used to selectively hydrodesulfurize
naphtha streams, that is, middle boiling range hydrocarbon fractions that are

major components of gasoline, and having boiling ranges from about 10°C
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bodi es nust be kept as |ow as possible. The nethod of
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reactions, such as supported Ziegler-Natta or

arrfbfr@m abeowic2 p‘dey reabouits v % cpreférahly, froat abguti T wi% to about 6
wided 0% co altgcbm%at gay tdI ocn c(:jaet ysLna%’d from about 8 wt% to about 30 wt%,
preferably from about 10 wt% to about 25 wi% molybdenurﬁ oxide, based on
catalyst. The most preferred catalyst also contains an organic ligand used
during the metal impregnation step, before the catalyst is used in the
hydrodesulfurization process. Examples of such organic ligands include at
least one of carboxylic acids, polyols, amino acids, amines, amino alcohols,
ketones, esters and the like, for example, phenanthroline, quinolinol, salicylic
acid, acetic acid, ethylenediaminetetraacetic acid (EDTA),
cyclohexanediaminetetraacetic acid (CYDTA), alanine, arginine,
triethanolamine (TEA), glycerol, histidine, acetylacetonate, guanidine, and

nitrilotriacetic acid (NTA), citric acid and urea.

[0038] When the shaped bodies of the invention are used in catalysts for
naphtha hydrodesulfurization, the impregnated catalyst is preferably used in a
dried, but not calcined, form. Before use, the dried catalyst precursor is treated
with hydrogen sulfide at preferred concentrations of from about 0.1 vol.% to

about 10 vol.% based on total volume of gases present, for a period of time and
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lightolefins to gasoline, distillate and | ube range

hydr ocar bons, the conversion of oxygenates to

hydrocarbons. [0034] Accordingly, the invention also

relates to a catal yst conprising the shaped bodi es

made by the nethod of the i mdémtion and an active

material. In one enbodi nent, the catal yst conprises a

zeolite or zeolite-type rmteri al bound with the silica
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of i ncipient wetness. The inpregnated shaped bod
activahone Jdicdal pregswene is preferably in the range up to about 5 OO psng

(34576 kPa), more preferably about 0 psig to about 5000 psig (101 to 34576
kPa), most preferably about 50 psig to about 2500 psig (446 to 17338 kPa). If
a liquid carrier is present, the liquid hourly space velocity (LHSV) is preferably
from about 0.1 hr'! to about 12 hr!, more preferably about 0.1 hr! to about 5
hr'!. The LHSV pertains to continuous mode. However, activation may also
be done in batch mode. Total gas rates may be for example from about 89
m>/m* to about 890 m*/m* (500 to 5000 scf/B).

[0039] Catalyst sulfiding may occur either in situ or ex situ. Sulfiding
may occur by contacting the catalyst with a sulfiding agent, and can take place
with either a liquid or gas phase sulfiding agent. Alternatively, the catalyst
may be presulfurized such that H,S may be generated during sulfiding. In a
liquid phase sulfiding agent, the catalyst to be sulfided is contacted with a
carrier liquid containing sulfiding agent. The sulfiding agent may be added to
the carrier liquid or the carrier liquid itself may be the sulfiding agent. The

carrier liquid is preferably a virgin hydrocarbon stream and may be the



tenperatures typically in the range of from about 500C

to about 2000C. Drying can take place under vacuum or
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preferred enbodi nent, catal ysts conprising a shaped

body made by the process of the invention are used to

sel ectively hydrodesul furize naphtha streans, that is,
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cobal t oxide, based on catalys and from about 8 %
ceopabeds. 30 wt % preferably from about 10 wt % to about

25 W % nol ybdenum oxi de, based on catal yst. The nost

preferred catal yst al so contains an organic |igand

(000 dur Fgoivives SBIRTing NIRE RARAY4tGRaS beRonb&fted &vitthRaphtha
catalyst is used in the hydrodesul furization process.
uilermpldsgdesulBuiging cgaditionsi Jardrodemelfurdeingtconditions include
temperatures of from about 150°C to about 400°C, and/or pressures of from
about 445 kPa to about 13890 kPa (50 to 2000 psig), and/or liquid hourly space
velocities of from about 0.1 hr™' to about 12 hr' and/or treat gas rates of from
about 89 m*/m® to about 890 m*/m? (500 to 5000 scf/B). After
hydrodesulfurization, the desulfurized naphtha can be conducted away for
storage or further processing, such as stripping to remove hydrogen sulfide.
The desulfurized naphtha is useful for blending with other naphtha boiling-

range hydrocarbons to make motor gasoline.

[0041] Selected embodiments of the invention, including preferred

embodiments, are illustrated in the following examples.

Materials and Methods

[0042] Unless indicated otherwise, the following materials and methods

were used.
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may be 1 ina9ardRe&Y 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; 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.

- 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.

- Nyacol 2034DI (available from Nyacol Nano Technologies) is an
aqueous colloidal silica sol having a silica content of 34 wt%, a pH
of 3.0 and a viscosity of 7 ¢Ps.

- The polyviny! alcohol (PVA) used in the experiments is a polyvinyl

| alcohol sold by Celanese under the tradename PVA, having an OH

number of 78-82 mole%.



starting at a | ower tenperature and increasing the

tenperature during activation. Total pressure is
w@e@ranwmhbéy i n the range up to about 5000 psi gPCBASHB7/000999

kPa), nore preferably about O psig to about 5000 psig

(101 to 34576 kPa), nost preferably about 50 psig to

about 2500 psig (446 to 17338 kPa). If a liquid

carrier is present, the liquid hourly space velocity

(LHSV) is preferably fromabolf-0.1 hr* 1 to about 12

hr 1, nore preferably about 0.1 hr" 1 to about 5 hr"

1. The LHSV pertains to continuous node. However,

act i vatThenl amgastdrddubler thomenikmghameihlimg dpparaatsahagasnsists of

ggtoeig/ma t%@eﬁf)g%%%égggrl (S‘QH%T}'%%QS? @ggﬁgéss in ng%tand is

sul fi d!tBEpé@%iﬁF&H?d%u‘iiI&@ﬂ%/i epdtbd sPlinfeXs gﬂeEPfour,inch wheel,

Sul fiding may occu y contacting the catalyst with a
sul fi disceaping biadeardd caixer aResplracanvbd spiddiertha mulling

liquid or gas phase su|fiding agent. Alternative

t he cat‘&h@ﬁgtb)’n‘h%? (bféreﬁ!“l?_é?fg PUrRTE rsuﬂ_ﬂe PHQOS%‘%}%&““’"
Q0111 aig b Rmplahd LR ingRoRnt; R AR Gona

cont actiagrati¢its aan derddeedithmtigh < smiadl dsornsidpfofithag

agent. The sulfiding agent nmay be added to the c?g:ri er,
| i qui d aPPaFafls.cfrhy ePPIngthe fofalin, raiginghertp half of unit and

sul fi die{%@éﬁggmeg%glggtﬁ@g&.er liquid is preferably a

virgin car Streamand may be thefeedstock to
be contHegd Ettioli Mixehs dipdx iy aaessiug ghatdalsyss obatvaniaple
be any hydrocarbon stream such as a distillate derived

from mqp@p@ro(aﬁn@gmgnggﬁapmpxgpﬁe%?ﬁéitgl@d{/@g[onﬁ inysize and
sulfidi iQQo@%%P\%viﬂhsa 9@%&8@%@%@ 4 §Jefil gdg#?qgg%grgﬁ;gr, and

sul fidi'ng agent itse as or

of geneycpdping Nydl. ddenpwiploke A€ thnBercladMullatis o mix and whip
condi tions. Exanples include hydrogen sulfide,

car bonylpgsecﬂlﬁli“dé?g%taﬁbo’?ﬁdﬁt@ﬂﬂh‘tﬂé?d@msf‘Fﬁﬂ’e‘%e addsd duough a

di met hygmac’lllj ldfobpgn tgﬂ) el gﬁgaratus, or by stopping the rotation,
raising the top half of unit and adding directly to the pan'._

- The Two Inch Bonnet Extruder is an extrusion apparatus that uses an
electrical motor to drive a two inch diameter auger rotation. At one
end of the auger is a feed hopper for supplying the catalyst mix. At
the outlet of the auger tube, die plates for shaping the catalyst would
be attached by means of bolting the plate to the face of the auger
outlet tube. Die plate pressure can be monitored via a pressure
transducer located at the outlet of the extruder. The shapes of the
extrudate can be dictated by the individual die plate. Typically, either

steel or plastic dies are used.

Example 1

[0043]) In this example, the properties of various commercially available

supports were determined. Table 1 lists the properties for each shaped body.



such as dinethyl disulfide, and pol ysul fides such as
di -t-nonyl pol ysul fi de. The sul fides present in certain

wo e@da4sees 9., petrol eum feeds, may act as sul f POI/NG2007/000999

agent and include a wide variety of sulfur-containing
speci es capabl e of generating hydrogen sulfide,

i ncluding aliphatic, aromati c and heterocyclic
compounds. [0040] Follow ng sulfiding, the catalyst
may be contacted w th napht hal9nder hydrodesul furi zi ng
condi tions. Hydrodesul furizing conditions include
tenperatures of from about 1500C to about 400C, and/or
pressures of from about 445 kPa to about 13890 kPa (50

to 2000 psig), and/or liq hourly space velocities
of fromabout 0.1 hr" 1 tgtg%%gt 12 hr' 1 and/or treat

gab rates of . from about 89 nB/nB to labout 90l 8/ ni3 Crush
(500 YeaddOOPDsxfigiiBy. Aft er nr?gdrogi;(%’su f'ﬂi?z ht'i“v@% ti\ﬁ%/' Jt(% g/mm
esul furi zefd napht ha can he condi¢t ed avvay for ’stlor age (1b/in)
r{fur bEibcels@nm(j/165ugh St i, ppi n to vie | .
g rgé}gﬂaiu £xiligder Thg déeﬁblf%rsl tl(}b IQOQJIgIE fﬂlo9 na e
fof blendi nfSiFa ke BPKEI hdpht ha boil ) n rand; V| 8578
'hy fir oCHFbons 'g'(‘)’é’ &bt or| ¥sq |'r?e 8 a1] Ser'ech &8% | ma' | @)
CIIJ'UAI.dH%HtD gll al.ll 1 Y/?dl UTT, 1 IIL,FUU ) | (S LIS
1Bpo SBbY S C;algf\geﬁ:sl;dsgrgat ed3in Of& | ﬁ?'o ngo-!s | 010 | na'| na'
xanpl . E@td RhE, saRReheVH ds apT I és 1054.3
"? i ca't?(gd ofhenm‘@em sizae fo??“o i HE té%al ssbaor?oL 0.05 ) 001 | 59
VB RES IR e Cuged)-Suriface jarpa ($R): | Wags det es.od ned.oby| <o.o1 | 2806
ni rogen ad Fh@adﬁv ,lj-ﬂ. mfllﬂlél pd-a Mlcromekiti I"LIJ Fri-st 1'(736)6
6 r s8I ng tise |BE ars on; <Pos e 0.03 | <0.01 | "I
S| OSupaty MBI KRS ng e BEDchuat ol sbure 0w | o |
Vil | Norton ?(‘3'(')%%“33; Xs" 120 | 074 | B0 w02 | <02 | nat |10
Tn.a. means not available
? below detection limit
3 based on vendor specification
“ bimodal
Example 2
[0044] In this example, shaped body IV of example 1 was contacted with
steam at various temperatures.
[0045] Calcination and steaming experiments were carried out in a

horizontal quartz tube preheated in a horizontal oven to the specified

temperatures and at one atmospheric pressure. The atmosphere inside the

quartz tube was composed of 100% steam. In a typical experiment, 11 grams

of "green" extrudate were loaded into a quartz boat, and the boat was inserted

to the center of the quartz tube at the specified temperature. After the specified

duration, the quartz boat was removed from the quartz tube and cooled down to

room temperature.




determ ned by mercury intrusion porosinmetry, according

to the ASTM D 4284-03 net hod, assum ng a contact angle
wobkootd@efe©r mercury on silica, using a M cronePCT/USR07/000999

Aut oPore |V 9500 instrunment. The reported nedi an pore

di ameters were cal culated fromthe mercury intrusion

vol unme neasurenents. The al um na content, sodium

content and potassium content were determ ned by

i nductively coupled plasma (&P enission

spectroscopy, using an IR S instrunent manufactured by

Thernmo El ectron Corporation. Crush strength (Crush)
[006] det e€The pechdriyica v tiag s et dieLshtasiadeafigithe st

or nore parti cl,e%@)ﬁie erm ned with a Vankel VK200
reafReats aLG gfhygudn ®f; using a strain beam met hod

with a 3.175 mm (1/8 inch) t4qgipl configuration. The

principle of the nethod js71 a force is applied by
thej{beammio the particle} {he]crush engt,h 1 s|tbBRsh
anoynt oh‘{'efm&ec%"é"eg‘pphria@d Bytggpnhai&fgam fjb\/[t V\A'\F/iécius/am
parficle fracture. The ipstrupent feportd crush| dbin)

strengt hl as /i nch A clpbsh ren df | bjimneho
can lals hpéfl'genr nc:giuas al(ﬁr ls%bcﬁrg'i%ktk 02.0717 3($4.8)

g/ mn vUl {t r agds FVNBSFl‘h'kS A jpoegi pist at edsssi|l i ca 118.0
avairt-abte—frombegtussa—thpvingra—stiteca_—cantent—oH 98,
wt %9 & slodi 0 conit erdthr of | al9Bup BS54 |wWh985 gn &lSumi n@y g
confent [of ut 0. T W% and @ BET[SULf.ade ar.eaj o295
1551195 |np/ 2?&\& col’ h2034[509 av 5P| Jb?{%“r ro acof74.4)

Nano Technol ogies) is an

[0047) This example shows that steaming shaped body IV at temperatures
of from 650°C to 815°C results in shaped bodies having a lower surface area, a

lower pore volume and larger pore sizes.

Example 3

a. Lancaster Muller procedure

[0048] 1022 g of Ultrasil VN3SP silica were added to the Lancaster
Muller pan and were mulled for 3 minutes, using 1734 kPa (250 psi) on the
Lancaster Muller wheel, to obtain a fine powder. Then, 706 g of Nyacol
2034D1 were added to the Lancaster Muller, and mulling was applied for
another 3 minutes. A solution of 48 g PVA dissolved in 500 g of deionized
water was added to the Lancaster Muller, followed by 562 g additional

deilonized water.

[0049] The composition of the mixture is summarized in Table 3.



aqueous colloidal silica sol having a silica content

of 34 % a pH of 3.0 and a viscosity of 7 cPs. The
w@eloyaissys al cohol (PVA) used in the experi menPGI/S2087/000999

pol yvi nyl al cohol sold by Cel anese under the tradenane

PVA, having an OH nunber of 78-82 nole%- The

Lancaster Muller is a mxing / mulling apparatus that

consists of a rotating pan of approximately 40 liters

(10 gallons) in size and is t8pped with a

hydraulically operated stainless steel four inch

wheel , scraping blade, and m xer. Pressure can be

applied to the mulling wheel by use of regulated air

pressure. The purpose of the lLancaster Miller is to

m X _and push ingredients togettier. Additional
Ingreghiadi ent $ chriidsQ%:)ddﬁed Qontisglona |srelid Weight ON“AOR” weight

of the apparatus, or by stogping t hie rot?gion, raisin%

the top half of unit apd ad Vﬂg di rlect | y&o the| pan. 8
ULkheilEi ri ch| M xe93.ps a X1 ngg@ppar at us tdgf CONngI st {3
Vﬁf g vari abl e speed rofating pan of| approxi mately 28

PPEr s (7 gallons) in $ize and is tlopped with a
eed ainess st four|pror I Xer;—amd

NZ%?&%P%gDE ade 9ﬁv"lt"‘he pugposeég% the Eirié%‘hhller IS ?%?
Waiet and whip ingredients together. [Additi onal 1062

rngredient$canfge—added—throggh—astrat-—goer—ep—toep
Téothwt he appar at us4t3 or bjg stoﬁ png t he rotlgwfgn, I ai 5%39
(iteut BpAal f of unit and adding dirjectly to the pan.

PTheJ.WG Hheh—Bonnet—Bxd+uder 4is a-exH-uSHoR—a 42
\tﬁat uses an electrical notor to drlive a two inch

di anet er auger rotation. At one

[0050] Mulling was applied to the so far dry mixture, and after 25 minutes,
the mixture started to clump and appear wet. After 30 minutes of mulling, the
mixture appeared to be of a suitable consistency to shape particles: when
squeezed between hands, is stayed clumped together as a solid. The mixture
was then placed in the 5 cm (two inch) Bonnet Extruder, using a 1.3 mm (1/20
inch) quadrulobe steel die plate. The extrudates were dried at a temperature of
120°C (250°F) and for a period of about 1 hour.

b. Eirich Mixer Muller

[0051] 937 g of Ultrasil VN3SP silica were added to the Eirich Mixer pan
and were mixed for 3 minutes on low mixing setting, to obtain a fine powder,
Then, 647 g of Nyacol 2034DI were added to the Eirich Mixer, and mixing was
applied for another 3 minutes on low setting. A solution of 44 g PVA
dissolved in 400 g of deionized water was added to the Eirich Mixer, followed

by 574 g additional deionized water.

[0052] The composition of the mixture is summarized in Table 4.



end of the auger is a feed hopper for supplying the
catalyst mx. At the outlet of the auger tube, die
w@b@vassefeor shapi ng the catal yst woul d be att aetredSing7/000999
means of bolting the plate to the face of the auger
outlet tube. Die plate pressure can be nonitored via a
pressure transducer |located at the outlet of the
extruder. The shapes of the extrudate can be dictated
by the individual die plate. "Typically, either stee
or plastic dies are used. Exanple 1 [0043] In this
exanpl e, the properties of various commercially
avai |l abl e supports were deternmined. Table 1 lists the
properties for each shaped fggys Table 1 n.a. neans not
vailabl e bel ow detection Timt 3 based on vendor
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(0053] Mixing was épplied on high setting, to the so far dry mixture, and
after 25 minutes, the mixture started to clump and appear wet. After 30
minutes of mixing on high setting, the mixture appeared to be of a suitable
consistency to shape particles: when squeezed between hands, is stayed
clumped together as a solid. The mixture was then placed in the 5 cm (two
inch) Bonnet Extruder, using a 1.3 mm (1/20 inch) quadrulobe steel die plate.
The extrudate was dried at a temperature of 120°C (250°F) and for a period of
about 1 hour.

[0054]  The extrudates obtained by either of the above-mentioned method

were then submitted to calcination in the presence of air, steam or mixtures of

air and steam by the procedure of example 2.

[0055)

are listed in Table 5.

The properties of the shaped body obtained after these treatments



to the center of the quartz tube at the specified
tenperature. After the specified duration, the quartz
whoa/1w&36 r enoved fromthe quartz tube and cooPemUSZINM000999
to roomtenperature.[0046] The properties of the
shaped bodi es obtained after the steamtreatnents are
given in Table 2. Table 2 [0047] This exanple shows
t hat steam ng shaped body |V _af; tenperatures of from
6500C to 815C results in shapeg bodi es having a | ower
surface area, a | ower pore volune and | arger pore
sizes. Exanple 3 a . Lancaster Miller procedure [0048]
1022 g of Utrasil VN3 SP silica were added to the

Lancaster Miller pan and weralewl | ed for 3 'mnutes,
on-th r Miller

si.)
Pty

usi ng—++34—-+kPa—250—p
wheel , tiorTehjainde d fine gowger | dJhen, pAP6 |g,\p oo
2034D were adlded |t B'T'HR |Laaeabtsrg Wiker,| an Iég g
was lapplied for another 3 m nutes sol utli on of & "
PVA |disssjol vethoi n 50060 girof| dei opi med |watser ma56add§§gto
t he Lancaster: vottter, fotiowed bég" 2 % ageitiomakssg
dei dnized wat®@r. [10048] The®conpbdi i 8f| te i xhsyre
I's qumrdri zeglsi n Tahk gin3.{Tabl e[ 3)26005Q]gs Myl I,hag | waz .2
appl -ette—the—se-ar—dry—m-xtpre—and—alier—25 02
m ndt &s,| t helfi xt yr é0winar|t e t p BPunp 04Ad |appea \K%;).
Aftgr (30 m ntes df ing,, the KT ULE dPPEAT €0 315
| 2 .
be q_‘f___a_s_u4_t_a~| e rnng}M:nf ang‘z\}) tp ]qg]almﬂﬁgrtl (K:}Iggs
squgeFed bet®8en haadsin i|s ®t ayed2cl uoped taget1eﬁ? S
a sqiigd.| The mxtgre, - 20 123 | 088 | 290 8(245')'
H . 1197.3
760 15 min 20 140 | 0.88 301 7
| ) 1340.2
760 30 min 20 106 | 0.87 316 75,
) , 1894.2
815 15 min 20 76 0.84 372 (106
K 650 asmin | 95 122 | 090 | 294 iﬁif
L - 1376.0
677 45 min 95 109 | 0.89 07| o
N 1286.6
677 I hr 95 89 0.88 339 7
N i 1590.4
705 45 min 95 75 0.88 404 9
o ' . 1036.5
' 650 45 min 100 116 0.9t 308 (58)
p - 1590.4
705 45min | 100 68 0.88 422 (59)
2198.0
Q 760 1 hr 100 26 0.88 147 | 03
R 815 45min | 100 | 13 | 076 | 1769 iﬂ?gj

" The balance of the calcination atmosphere composition is air.

[0056] The results in Table 5 show that shaped bodies with different pore
sizes and crush strengths can be obtained by varying the temperature and

atmosphere composition during thermal treatment of the green catalyst.

Example 4 — Formulations without PVA

[0057] The procedure of example 3"Was repeated, except no polyvinyl

alcohol was added to the mixture to be extruded, keeping all other ratios of



was then placed in the 5 cm (two inch) Bonnet
Extruder, using a 1.3 mm (1/20 inch) quadrul obe steel
waot@7phmie. The extrudates were dried at a tenper/asm0®000999
of 1200C (2500F) and for a period of about 1 hour. b.
Eirich Mxer Muller [0051] 937 g of Utrasil VN3SP
silica were added to the Eirich M xer pan and were
m xed for 3 mnutes on low m xing setting, to obtain a
fine powder. Then, 647 g of Nydcol 2034DI were added
to the Eirich Mxer, and m xi ng was applied for
another 3 mnutes on |low setting. A solution of 44 g
iﬁ’%ﬁédwn%m HROmixtufd Ueptieh]. dalituue @V aather mieerexdeert tore
Eirich Mxer, followed by 574 g additional
duﬁiwmt@e@(tmecteethan[tbm? FxanREnbosi ti on of the nixture
is summarized in Table 4 . Table4 (0053) M xi ng was
applied on hi gh setting, to the so far dry m xture,
gosBaf t era Rey @%yrwg Qe drbéh Bkorbdutes Sleaé bebmitted tcuhighand
appear wet. After 30 mnutes of nixing_on hi g
tsmperaugre intthe prgsance ofmeer EOYocstermof BmeFWSeofthe shaped

T R S T R e L

mxture was then placed inTdued& cm (two inch) Bonnet

Extruder, using a 1 3 nmm (1/20 i nch)yguadrilobesteel
di e |pl at gralg trudate has, dyi gd at pytemgsmt prevdf
1zooc (250083 f@r"a*ao" priaad | ohy@aloud/igl |houx . Hog:gggg]
The at es Oht ai ned h/ﬁplt#mr ofl t he =57
abovie- mentl omed meit hodmrvvereothém%utmazstled t B2 (33'
cal c. ||aL| on—tn—the—presence_gf SteEaNT T 11 X[ UT58S
of airTand st8hm by t'H& pt ot%dir & é'of @ma '%] (44)
U 650 | hr 100 | 151 0.78 196 8(";%')5

1268.8

W 705 1 hr 100 132 0.76 202 o

x 760 the | 100 | 108 | o073 | 224 | \3OF

v 815 I hr 100 | 68 069 | 208 2(71’;2)7

TThe balance of the calcination atmosphere composition is air.

Example 5

[0059] The properties of the silica shaped bodies were evaluated, by
testing the catalytic performance of catalysts containing the silica shaped body
and from 4.5 to 5.5 wt. % cobalt oxide and from 19 to 21 wt.% molybdenum
oxide, based on the weight of catalyst, in a naphtha feedstream hydrogenation

process.

[0060] In a representative procedure, an impregnation solution was
prepared by dissolving ammonium heptamolybdate tetrahydrate and cobalt
carbonate hydrate with citric acid (CA) as ligand. The cobalt to molybdenum
atomic ratio was 0.48. The CoMo-CA solution was impregnated to silica
support S, using the incipient wetness impregnation technique in a single step

in an amount so that the dried solid would contain 5.2 wt.% CoO a.nd 209



[ 0055] The properties of the shaped body obtai ned

after these treatnents are listed in Table 5. Table 5
wab@7hadeance of the cal cination atnosphere conpOFUS200M000999

is air. [0056] The results in Table 5 show that shaped

bodies with different pore sizes and crush strengths

can be obtained by varying the tenperature and

at nrosphere conposition during thermal treatnent of the

green catal yst. Exanple 4 -FoPAul ations w thout PVA

[ 0057] The procedure of exanple 3 was repeated, except

no pol yvi nyl al cohol was added to the m xture to be

vaxtrMder, biegiomtheatvkigitt néithe astabstoflhegmgtegnatsdisalid was
the m xture identical. Wthout PVA the m xtures were
drisdeangier paewm at®03%t r ude t han those of exanpl e 3.

[0058] After drying, the green extrudates were

submtted to high tenperature in the presence of air

[0061j00% SttRadicd beppuirtaColes catfal st evassm@ﬁdedbodmgsB% H,S in
obtai ned after these treatnents are ghven i n_Tabl
0

Hiadrlevisgitheapduhanadensulfi Hing apRdinans off €sp %%Bwe?aéglyst

Si tion T
SRUPERRASY B2 ap LS L R RRL T SRt b g00C anc
fi2e b%ﬂh?%ﬁbirﬁ orfqrfhdomﬁﬁ@mmg tmt)&lppa’i sulcmmm AB3gwt.Pre olefins,
silica shaped body and from4.5 to 5. vvt. %, cobal t

bcaxcdjenahd V\fen@m afthedeod 1 The. a%amtwmm valeddn apMEFB-48
U e SR B DA (2l i win
HpJ. W@&Pﬂ@w afe WaBRaanéd enobrinbirengs\as 2-methylthiophene
desulfurization from 65 wt.% to 95 wt.%, based on the weight of the feed.
Product streams were analyzed using on-line GCs and SCDs. C; Olefin
content in the product was compared with Cs olefin content in the feed on a
weight basis to calculate the percentage of olefin saturation (% OSAT).
Results of the percentage of hydrodesulfurization (% HDS) and % OSAT were
stable after about 30 hours of catalyst on stream, and were used to evaluate the
olefin saturation (% OSAT) at various HDS conversions (% HDS). At 90%
HDS conversion, there was about 8.7 wt.% olefin saturation for the CoMo/SiO;

catalysts prepared using support S.

[0062] Sirilar procedures were used to prepare and test Co/Mo catalysts
having from 4.5 to 5.5 wt. % cobalt oxide and from 19 to 21 wt.%
molybdenum oxide, based on the weight of catalyst, and shaped bodies I, IV,
K,N,Q,R,S, U, Xand Y. The properties of the shaped bodies used and the
catalytic performance obtained with the Co/Mo catalysts obtained from the

silica shaped bodies are summarized in Table 7.



prepared by dissol ving ammoni um hept anol ybdat e

tetrahydrate and cobalt carbonate hydrate with citric
wa@eood/1§362) as |igand. The cobalt to nol ybdenunPer/vst07/000999
ratio was 0.48. The CoM-CA sol ution was i npregnated

to silica support S, using the incipient wetness

i npregnation technique in a single step in an anount

so that the dried solid would contain 5.2 wt. % CoO and

20. 9wt . % MbO , based on the we®ght of the catal yst.

The inpregnated solid was dried under vacuum at 600C.
[0061] The silica supported CoM> catal yst was sul fided
using 3% H2S in H and virgi n napht ha under sulfiding
conditions. Feed for the cit@ yst eval uati on was an

FCC naphtha feed with an i boi | i ng point of 10

OC gnd a ftinal boiTing poijnt of 17 cohah Nifn .
SpAPfn |Svbsdrigionand 46. 3 \r/]'t % v 61 d ognnhe vv’gfté vk
48t%tlhe feed. The catal Yses| was eval uat ed {'pirnan |MCFB- 48
ulglt GrMilob | siGramisel  Hi xed Be¢d;48|Regstor) qatr 294C g5
SFeylimter 220 psig usling H Teed flow fate w
adj Ush@dsibic begdt:ai n a |r ange| of E met hyl t hi ophene 97
d¥sul SFrlﬁ?We%%é‘t”o%o'PP‘om 653 M| %€ 95 Wr. % b@®ed |on the

wet-ef HZaf Aroduct—streams—wer g _anat yZed
ysi ngggg?fmm&y@nd S@ps 650 Ol ef don cont%’g% n thes?
pr odughma®cconpar ed th C ol efiln content'"i'n tlhe feed
on a sseoghBrbasdos to cal cul ate the percentage af
OF ef i 293 4Ritde RN A 0PP% % |OSAT) RE&ul|t s*08f | hesper dent agl!

of \ﬁ'ﬁamﬂﬁiﬁlfnuzatu A (%4 HDS) ane—%-CSAT—wer-e—stablte

=077 7\l

tergoé?ﬁg]t of ,caf a t|o r eamesand wer e
used| §Qm8¥ek ua’% b(#)h/s ol 2eéfci L gé?u#a?ilﬁ %(G%AT) at

var 0367 0 N P A RCSET sions (% ADS). [At 909
CRONVIETSADINY, RN E €00n@s| aooul 8.7 Wt 1762l ,fl h,séatur at i @h

for ftdwem@oNE/ Si O 2 catalysis prepared uking support S

80/20 VN3P/Nyacol : 589.7

S| 2034DI - 0% steam 176 | 091 212 (33) 8.7
80/20 VN3P/Nyacol 1035

U | 2034DI - 100% steam 151 | 086 196 | 8.3
650°C
80/20 VN3P/Nyacol 1804.9

X | 2034DI - 100% steam 108 | 0.84 224 A 8
760°C .

, 80/20 VN3P/Nyacol 2787.7
Y | 2034DI - 100% steam 815 | % 0.78 298 (156) .72

"not available

[0063] The results in Table 7 show that the catalysts prepared with the
shaped bodies with the largest pore sizes gave the least undesired Cs™ saturation

at 90% HDS.



[0062] Sim | ar procedures were used to prepare and
test Co/ Mo catalysts having from4.5 to 5.5 w. %

wa@ealltseoxi de and from 19 to 2 1 wt. % nol ybdenpoT/os20d®000999

based on the wei ght of catal yst, and shaped bodies I,
IV, KK NQ R S, U X and Y. The properties of the
shaped bodi es used and the catal ytic perfornmance
obtained with the Co/ M catal ysts obtained fromthe
silica shaped bodies are sunmafized in Table 7. Table 7
not avail able [0063] The results in Table 7 show that
the catal ysts prepared with the shaped bodies with the

cdikpdast pore sizes gave the | east undesired C

1

saturation at 90% HDS. CLAIM5: 1. A nethod of naking a
shaped body having a silica content of at |east 85

W% 4t i é‘&i Piilidd coAfdht o aleast 85
Shapéﬁ%@&f@%ﬁﬁﬁfpb e %@%ﬁé}g@%ﬂo‘rﬁ atC | east one

anor phedishéihetwdoendprisingttht eeepts odne silica sol

having a pH below 7, and at |east one

| :
or gan) Femnings $hapgddodyndos? PUNEITE P ﬁﬁgﬁ%ﬁ@“ea“ one

liquid nedi . ' . ,
step a)a}mgypg‘n r%‘f kéI)Hl('e‘(éjlﬁ[ ¥ J%‘SVQF %g?é%gggfjg Bﬁﬁ%yiog Wg@iﬂgeai pHbelow 7,
t enper afny &t leaftPrigpd Iy aiarideigan O OG0 aid) euid GOBATY

2. The nmethod of claim1, wherein the supplenental
li qui d swpgilemental higuid megliumhe net hod of any of cl ai s

1 or bg’ drv)\llliqr?gr ﬁ%ensﬁa%%dst;c;cjyc&)tﬁmedciﬂryiéﬂ Bytgg to
¢) heating the shaped body to a temperature ranging from about 500 °C
to about 800 °C.

The method of claim 1, wherein the supplemental liquid medium is

water.

The method of any of claims 1 or 2, wherein the silica sol contributes to
an amount of from about 4 wt% to about 40 wt% of the overall amount

of silica in the mixture used in step a).

4, The method of any of the preceding claims, wherein the mixture shaped

in step a) further comprises crystallites of a zeolite or zeolite-type

material.

The method of claim 4, wherein the zeolite or zeolite-type material is
present in an amount that is equal to or lower than the amount of silica

in the mixture.

6. The method of any of the preceding claims, wherein step ¢) is carried

~ out in the presence of steam.



an anount of from about 4 wt%to about 40 wt % of the
overall anmount of silica in the mxture used in step
wW@0074456The nmet hod of any of the precedi ng cl aP@BEUS2007/000999
wherein the m xture shaped in step a) further
conprises crystallites of a zeolite or zeolite-type
material. 5. The nmethod of claim4, wherein the
zeolite or zeolite-type material is present in an
amount that is equal to or | o@r than the amount of
silicain the mxture. 6. The nethod of any of the
precedi ng clains, wherein step c) is carried out in
7t he AHesaBtD G slagam, Tvhefbia step bpis cfrricdaiunid the presence of
wherein step ¢) is carried out in the presence of
st eanteamagd@Ir. 8. The nethod of any of the preceding
clains, wherein step c) takes place in an atnosphere
containing at least 5 vol. %air. 9. The nmethod of any
gof t hmepmeass oasy af fre prbediagrelsinen vehereaksiep o) aglees place
in an atnosphere contajni ng at Ieasf0 O0.vol. % steam
10. Thanmsnresphere eanjaining aldepster ¥8l- 1§ @1 ai ns, wher ei n
the polyneric extrusion aid is selected from pol yvi nyl
al cohol s, cellul ose, cellulose ethers, such as

oret hyfeeeth B 6f af oyl prexodiopydlaims, hyheredd btepadeakes place

pol yners, colloidal silica, floridin, carbon powder,

gr aphitae, atpispbsse eqriginingat kepstelD wal- fawsteaml | and
m xtures of two or nore thereof. 11. The nethod of any
of the preceding clains, wherein the polyneric

10.  The method of any of the preceding claims, wherein the polymeric
extrusion aid is selected from polyvinyl alcohols, cellulose, cellulose
ethers, such as methylcellulose and hydroxypropyl methyl cellulose
polymers, colloidal silica, floridin, carbon powder, graphite,
polyoxyethylene, mixed walnut shell and mixtures of two or more

thereof.

11.  The method of any of the preceding claims, wherein the polymeric
extrusion aid is used in an amount of from about 0.5 to about 10 parts by
weight per 100 parts by weight of the overall silica present in the

mixture used in step a).

12. The method of any of the preceding claims, wherein shaping is

performed by extrusion.

13.  The method of any of the preceding claims, wherein step b) is carried

out at a temperature of 200°C or less.

14.  The method of any of the preceding claims, wherein heating in step ¢) is

carried out for a period of from 10 minutes to 120 minutes.



extrusion aid is used in an anount of from about 0.5
to about 10 parts by weight per 100 parts by wei ght of
wo b@7avsral | silica present in the m xture useBCT/HSBOEH0999
a). 12. The nethod of any of the preceding clains,
wherein shaping is perfornmed by extrusion. 13. The
nmet hod of any of the preceding clains, wherein step b)
is carried out at a tenperature of 2000C or |ess. 14.
The met hod of any of the pree@@i-ng clai ns, wherein
heating in step c) is carried out for a period of from
10 mnutes to 120 m nutes. 15. The nethod of any of the
18! eceftienghethl oBanybétied pretbdingi dlaicas, soheraethecolicabplsused
no detectable traces of sodium  16. A catalyst,
conpraogtaigs aoslesgrdablsdmeep odsafdinpy t he met hod of any
of clains 1 to 15. 17. A process for converting a
hydr ocar bon feedstock, wherein a hydrocarbon feedstock
ligs comtcagdiest, vbinpridingaa shapaid bedyopetipaged by chanmatiéd of any of
under conversion conditions, to forma converted
pr odudaims 1 to 15.

17. A process for converting a hydrocarbon feedstock, wherein a
hydrocarbon feedstock is contacted with a catalyst according to claim 16

under conversion conditions, to form a converted product.



