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Conposition, its Preparation and Use Field of the
WO pwetiseh The present invention concerns cat aPEQBEEP2004/050199
conpositions having a hight netals content, their
preparati on and use in hydroprocessing, particularly
hydr odesul phuri sation 5 and hydrodeni trogenati on.
Background of the Invention Hydroprocessing reactions
i nvol ve the application of hydrogen to a substrate,
usual |y under elevated tenperature and pressure, in
the presence of a catalyst 10 with the ai mof causing
a physical or chem cal change in the substrate. Most
such hydroprocessing reactions occur in refinery
operations where the substrate is a hydrocarbon
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on which hydrogenation metals are deposited, the choice

and amount of each component being determined by the end
use. Refractory oxide materials usual in the art are
amorphous or crystalline forms of alumina, silica and

20 combinations thereof. These oxide materials can have
some intrinsic catalytic activity but often only provide
the support on which active metals compounds are held.
The metals are generally base or noble metals from Group
VIII and Group VIB of the Periodic Table which are

25 deposited in oxidic form during manufacture; in the case
of base metals, the oxides are then sulphided prior to
use to enhance their activity.

The use of titania, or titanium dioxide, as a

catalyst support for a conventional hydroprocessing

30 catalyst is limited by the lack of a useful pore

structure. Therefore the few titania-supported



- 2 commercial hydroprocessing catal ysts that exist
in the market have a | ow pore volune and as a result
W@ aw4l07d884 or  support | ess hydrogenati on mnet al BCT/BB2004/050199
the nore comon al um na- supported catal ysts.
Generally it is viewed that 5 thermal stability, |ow
surface area and poor nechanical strength have al
hi ndered the commercial exploitation of titania
supported catal yst systens. The intrinsic activity of
hydrogenati on netal s-on-titania is, however, superior
to eg al um na-based catal ysts. The proposals 10
avai lable in the art attenpt tg harness this intrinsic
activity and renedy the defi i énci es of Iom1netals
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a cata yf west actlv:u{y for tetralin conversion in the presence

of HpS than NiMo on various mixed titania-alumina
supports, and NiMo-alumina catalysts. Later in the same
review article it is concluded that the presence of

25 nickel or cobalt suppresses the higher intrinsic activity
of molybdenum-titania systems.

G.M. Dhar et al. in Catalysis Today 86 (2003), 45-

60, also looks at various mixed alumina-titania supported
systems; hydrogenation metals are applied by the

30 conventional incipient wetness impregnation method and an
improved HDS and hydrogenation activity is attributed to
increased metals disperéion. Here the presence of small
amounts (3 wt%) of nickel and cobalt are considered to

promote, eg, HDS activity of a catalyst of 8 wt%
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m xed titani a-alum na supports. In a study of
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content considered is 14 w% (as the oxi de and basis
total catalyst). 5 Also proposed in the art for
hydrotreating and particularly for use in
hydr odesul furization (HDS), especially deep
desul furisation of diesel fractions, are catal yst
conpositions which contain refractory oxide nmaterial
but which are nmade via co-precipitation. 10 European
Patent specification EP-A-1090682 describes one such
co-precipitation proposal to prepare a hydrotreating
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in fshe hydeRPHosesshdldrfe afiQhgEXRLE, 16ef ispery 30
strearrs.cqgn)png such group of catalysts are termed " bul k
catal ysts". Suc catal ysts are fornmed from net al
conpounds on‘?yy?“ﬁﬁ%‘tﬂlga"dﬁ%69i)rié‘é‘?rﬁPfa$tiP’br?f a
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Or SUppPQidtpris@€is attempted by enabling intimate contact
20 between metals compounds and carrier material and thus
enabling the metals to become dispersed through the
carrier material before shaping. This contrasts with
conventional impregnation techniques where only a small
amount of metals deposition is possible since the shaped
25 carrier is already formed and there are diffusional and
space limitations for the metal ions or compounds to
become dispersed through the catalyst support.
Alternative catalyst forms have been proposed for
use in the hydroprocessing of, for example, refinery
30 streams. One such group of catalysts are termed ‘bulk
catalysts’. Such catalysts are formed from metal
compounds only, usually by co-precipitation techniques,
and have no need for a catalyst carrier or support; see
for example WO 00/42119, US-6,162,350 and WO 00/41810.
35 These publications disclose bulk Group VIII and Group VIb



for exanple WD 00/42119, US-6, 162,350 and WO 00/ 41810.
35 These publications disclose bulk Goup VIIl and
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catal ysts and their preparation and use. US-6, 162, 350
di scl oses that such catal ysts may contain one or nore
of each netal type, and exanples show Ni Mo, N Wand
the nost preferred Ni MOWbul k catal ysts. The 5
preference in US- 6,162, 350, WD 00/42119 and WD
00/ 41810 is that no binder is incorporated into the
final catalyst conposition since the activity of the
bul k catal yst conposition my be reduced

(US-6, 162, 350, Col unn 14, 1inés 10 to 114). If,
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SII§B|8 indication that its use is actually contemplated or
expected to provide any benefit over the alumina- and
silica-bound forms exemplified.
In refinery processes, feedstocks contain a variety
of contaminants, the main ones being sulfur and nitrogen.
25 While sulfur reduction has always been desirable,
increasingly strict regulations on gas emissions eg from
motor vehicles, is driving the need for catalysts which
can provide ultra low sulfur fuels. For effective HDS
activity, and especially for the deep desulfurisation
30 required for environmental reasons, a catalyst must be
effective to remove all sulfur compounds, whether simple
or complex. Nitrogen contaminants, while often low in
amount, can have a severe poisoning effect on catalysts
and also adversely affect end product storage stability

35 and quality. The poisoning effect on catalysts is such



or conplex. Nitrogen contam nants, while often lowin
anount, can have a severe poi soning effect on
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storage stability 35 and quality. The poisoning effect
on catalysts is such WD 2004/ 073854 PCT/ EP2004/ 050199
- 5 that a catalyst effective for, eg HDS, of a pure
chem cal feedstock may be ineffective or short-1lived
when exposed to an inpure refinery feedstock. Thus,
there is a continuing demand for 5 hydroprocessing
catal ysts for feedstocks having both sulfur and
nitrogen contam nants, which catalysts have a
signi ficant hydrodesulphurlsatlon activity for both
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hydrogenation metals and not just molybdenum (and/or

20 tungsten) alone. High metals contents can be sustained
in the catalyst compositions of the invention; they can
be processed and used in high temperature environments,
and a comparable mechanical strength to conventional
commercial supported hydroprocessing catalysts is found.

25 Accordingly the present invention provides an
unsupported catalyst composition which comprises one or
more Group VIb metals, one or more Group VIII metals, and
a refractory oxide material which comprises 50 wt$% or
more titania, on oxide basis.

30 Also provided is a process for the preparation for
the catalyst composition of the invention, and its use in
hydroprocessing.

Detailed Description of the Invention

This invention relates to the hydroprocessing of

35 chemical and petroleum feedstocks using a catalyst



30 Also provided is a process for the preparation for
the catal yst conposition of the invention, and its use
WO p004ky3sopr ocessi ng. Detail ed Description of PEEEP2004/050199

I nvention This invention relates to the

hydr oprocessi ng of 35 chem cal and petrol eum

f eedst ocks using a catal yst WO 2004/ 073854

PCT/ EP2004/ 050199 6 conposition containing G oup
VIIl (especially Ni and/or Co) and G oup VIB
(especially Mo and/or W netals and an inert
refractory oxide, of which 50 wt% or nore is titania.
5 Herein reference is made to the Peri odi c Tabl e of
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By the term ‘unsupported’ it is to be understood

20 that the composition is not of the conventional form
which has a preformed, shaped catalyst support which is
then loaded with metals via impregnation or deposition,
but is a composition in which the metals and refractory
oxide material are combined together when the composition

25 is formed prior to any shaping step. Generally this
combination will occur through precipitation. Unlike
supported catalysts, in this unsupported catalyst
composition, the refractory oxide material is no longer a
separate distinct material within the composition.

30 However, the presence of titanium can in most cases be
identified from an XRD powder diffraction analysis, and
it is also possible to determine the components of the
composition and the proportion of the compogition that is
derived from the titania-containing refractory oxide

35 material by analytical techniques common in the art, such



conposition, the refractory oxide material is no

| onger a separate distinct material within the
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in nost cases be identified froman XRD powder

diffraction analysis, and it is also possible to

determ ne the conponents of the conposition and the

proportion of the conposition that is derived from

the titani a-containing refractory oxide 35 material by

anal ytical techniques comon in the art, such WO

2004/ 073854 PCT/ EP2004/ 050199 - 7 as XRF (X-Ray

Fl uoresence) and I CP (Inductivel y-Coupled Plasma

Spectronetry Analysis). The tifdnia is present as 50
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Good results have been achieved using titania having in
excess of 70 wt% in the anatase form, most suitably 80 to
100 wt%, and especially 100 wt% anatase.
It has been found that the particle size of the
25 titania can influence and accentuate the activity of the
final catalyst composition. While all titania powders
are suitable for use in the present invention, it is
preferred that titania powder having an average particle
diameter of 50 micrens or less is used, preferably a
30 particle diameter of 20 microns or less and especially a
particle diameter of 5 microns or less. Generally the
minimum average particle diameter of particle in the

titania utilised is of the order of 0.005 micron. Herein



final catalyst conposition. While all titania powders
are suitable for use in the present invention, it is
w@e@herased that titania powder having an aver apEr/EP2004/050199

particle dianmeter of 50 mcrons or |less is used,
preferably a 30 particle dianeter of 20 m crons or

| ess and especially a particle dianmeter of 5 mcrons
or less. Generally the mninmmaverage particle
di aneter of particle in the titania utilised is of
the order of 0.005 mcron. Herein WO 2004/ 073854

PCT/ EP2004/ 050199 8 average particle dianeter is the
di ameter of 50% of the parti cI es, also termed Dv50
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pref er ahl.) noy bbe netals selected 20
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metal 1s preferably one or two non-noble metals selected

20 from chromium, molybdenum and tungsten. The Group VIb
metal is more preferably selected from molybdenum,
tungsten and a combination of the two. The most
preferred Group VIb metal is dependent on the temperature
of end use. 1In applications where the end use is in a

25 reactor temperature of below 380°C, it is preferably

molybdenum, and where the end use temperature is 380°C or
above, 1t is preferably tungsten or a mixture of
molybdenum and tungsten.
A preferred catalyst composition of the present
30 invention, expressed in elemental form, is a catalyst

composition of the general formula, on an oxide basis,

(X)p (M) c(2)g(0)e (I)

wherein



nol ybdenum and where the end use tenperature is 380C
or above, it is preferably tungsten or a m xture of
woredoghbssum and tungsten. A preferred cat al ystPCT/EP2004/050199
conposition of the present 30 invention, expressed in
el enental form is a catalyst conposition of the
general fornula, on an oxide basis, (X b(I\/pc(Z)d(O)e
(1) wherein WD 2004/ 073854 PCT/ EP2004/ 050199 -
represents at |east one non-noble Goup VIII net aI, M
represents at |east one non-noble Goup VIb netal; Z
represents titaniumand optionally one or nore
el enents selected fromal um nium silicon, magnesium
5 zirconium boron and zi nc 0 Fepresents oxygen; one

fb i t nd th th
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ercsis in Eggmﬁﬁﬂg%09&1a£@qh§:4 1 to 73:1; As above X
i s preferabl r two non-noble netals 15 sel ected

from ni cke ¥ese&51§f t?*8fd i ron. Preferably X is
sel ect e®™f r6n? APEKelS WEbHItE9%nd: a combi nation of
ni ckel aadAd cobalt. Mst preferably X represents

ni ckel . dfhe afetkad oihés opriched @bzlza}éhoi};% chlttam a number
nononoblg@eg@&aéh%n sehacted ftf;eogmég ?ml Me ol g?dﬁnghe

and tungrst en ecte

nol ybdenah{® f)ﬂr%g[f‘é)ngalnaoalo torb? |’1“8iL RO Phéitvs. in
The nostPpréfrer P RBtAl : MtPs30: depefdentndar tigeio of
t enper ateur ésofn ¢hel rase, castrabove: 1 Thesel ement
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i norgani ¢. oxi de start teri re er
9 electeg kélg én%alt and a combln tion of nic e

from nic
and cobalt. Most preferably X represents nickel. The
metal M is preferably one or two non-noble metals
selected from chromium, molybdenum and tungsten. M is
20 more preferably selected from molybdenum, tungsten and a
combination of the two. The most preferred metal M is
dependent on the temperature of end use, as above.
The element represented by Z together with a portion
of the oxygen component is derived from the refractory
25 inorganic oxide starting material. Most preferably Z
represents titanium as the predominant, especially the
sole, element. As optional additional elements Z,
aluminium and silica are the most preferred. Additional
small amounts (in the range of from 1 to 3 wt%) of zinc
30 oxide in the refractory oxide starting material can be
advantageous to increase surface area of the catalyst
composition.
The numbers b, c, and d represent the relative molar
ratio values which are given taking one component as a

35 standard or reference. Herein one of b and ¢ is taken as



represents titaniumas the predom nant, especially the
sole, elenent. As optional additional elenents Z,
wa@baondoraseun and silica are the nost preferred. PCI/EP2004/050199
Addi tional small anpbunts (in the range of from1l to 3
w% of zinc 30 oxide in the refractory oxide starting
materi al can be advantageous to increase surface area
of the catalyst conposition. The nunbers b, ¢, and d
represent the relative nolar ratio values which are
gi ven taking one conponent as a 35 standard or
reference. Herein one of b and c is taken as WO
2004/ 073854 PCT/ EP2004/ 050199 - 10 the reference and
desi gnated as the integer 1.” the ot her val ues are
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is most especially 0.4:1 to 2:1; and e:c is in the range
20 of from 3.9:1 to 14:1, especially 4.4:1 to 12:1, and is
most especially 5:1 to 9:1.

Depending on the method of preparation that is
followed to prepare the catalyst composition for use in
the invention, there could be residual ammonié, organic

25 species and/or water species present; following different
methods, different amounts as well as different types of
species can be present. 1In respect of water, also
atmospheric conditlons can affect the amount present in
the catalyst composition. Therefore to ensure that the

30 catalyst composition definition is not distorted by
atmospheric or preparation conditions, the definition
used herein, on both an elemental basis and on percentage

amount basis, is given on an oxide basis.



the invention, there could be residual ammoni a,
organi ¢ 25 species and/or water species present;

wo odosowssy di fferent rmethods, different anpunPGI/EB2004/050199
well as different types of species can be present. In
respect of water, also atnospheric conditions can
af fect the anount present in the catalyst
conposition. Therefore to ensure that the 30 catal yst
conposition definition is not distorted by
at nospheric or preparation conditions, the definition
used herein, on both an elenental basi s and on
percentage anount basis, |ven on an oxi de basi s.
WO 2004/ 073854 PCT/EP2004/050 - 11 To establlsh
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pr ef er ableyy dit@speni ahd yanB5oe%om Bhetot 8 akz anount s

of met al§cksr-83P€61 @ bY wts. The minimum amount of total

20 metals is suitably 30 wt%, but is generally 50 wt%, more
preferably 65 wt%, and especially 70 wt%. Preferably the
maximum amount is 95 wt%, more preferably 90, especially
85 wt%. The total amounts of metals is especially
substantially 80 wt%.

25 The balance of the catalyst composition, on an oxide
basis, is generally derived from a refractory oxide
material, suitably in an amount in the range of from 5,
more preferably from 10, and especially from 12 wt%, to
70 wt%, preferably to 50, more preferably to 35, most

30 preferably to 30, especially to 25. Preferred
compositions contain from 10 to 30 wt%, more preferably
from 15 to 25 wt%, and especially contain substantially
20 wt%, on an oxide basis.

Good results have been obtained when X is nickel and

35 is present in an amount in the range of from 8 to 55 wt%,



substantially 80 wt% 25 The bal ance of the catal yst
conposition, on an oxide basis, is generally derived
w0 e@a0z3ssef ractory oxi de material, suitably i PCERP2004/050199

amount in the range of fromb5, nore preferably from
10, and especially from12 wt% to 70 wt% preferably
to 50, nore preferably to 35, nost 30 preferably to
30, especially to 25. Preferred conpositions contain
from1l0 to 30 % nore preferably from15 to 25 wt %
and especially contain substantially 20 wt% on an
oxi de basis. Good results have been obtained when X is
nickel and 35 is present in an anount in the range of
from8 to 55 wt % WD 2004/ 073854 PCT/ EP2004/ 050199 -
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therefore further provides a rocess for the ,
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refl—aCt(yhx present invention, wherein one or more Group VIb

20 metal compounds are combined with one or more Group VIII
metal compounds, and with a titania-containing refractory
oxide material, in the presence of a protic liquid and
optionally an alkali compound; and the catalyst
composition is recovered following precipitation.

25 The preparation process may very suitably be by the
procedure described in US 6,162,350, in WO 00/41810, or
indeed described in EP-A-1 090 682, in which the metal
compounds are either fully dissolved or partly dissolved
in the liquid used, suitably protic liquid, especially

30 water or water-containing liquid, with the addition of
the appropriate amount of refractory oxide material to
one of the starting components or to a mixture of
starting components. Where fully dissolved metals and

alkali compound are both utilized, it is preferred that a



oxi de material, in the presence of a protic |liquid and
optionally an al kali conpound; and the catal yst

W@ 0up3issd on i s recovered foll ow ng precipitatPCHEPRS4/050199
The preparation process may very suitably be by the
procedure described in US 6,162,350, in WO 00/41810,
or indeed described in EP-A-1 090 682, in which the
netal conpounds are either fully dissolved or partly
di ssolved in the liquid used, suitably protic |iquid,
especially 30 water or water-containing liquid, with
the addition of the appropriate anount of refractory
oxide material to one of the starting conponents or
to a mxture of starting conﬁénents Wer e fuIIy
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not fully understood.

Thus preferably, the metal compounds utilised in the
process of the invention are added to the protic liquid
in solid form.

25 The metal compounds and refractory oxide are
suitably utilised in the percentage weight amounts
already discussed above.

Expressed in elemental terms, the preferred catalyst
composition is preferably prepared by decomposition of a

30 precursor of the general formula
(NHg) g (X)p (M) c(Z2) g(O)e (1)
in which a is a number greater than 0, and X, M, Z, b, ¢,

d and e have the meanings given above. The molar ratio of

a: (b+c) is suitably from 0.1:1 to 5:1, preferably from



not fully understood. Thus preferably, the netal
conpounds utilised in the process of the invention
wae@sarsed to the protic liquid in solid fornmPCRBEPZNE050199
nmet al conpounds and refractory oxide are suitably
utilised in the percentage wei ght anounts al ready
di scussed above. Expressed in elenental terns, the
preferred catal yst conposition is preferably prepared
by deconposition of a 30 precursor of the general
formula (NH4) a (X) b (M ¢ (2 d (O e (Il) in which
a is a nunber greater than O, and X, M Z, b, ¢, d
and e have the meani ngs given above. The nolar ratio
of a: (b+c) is suitably from'6.71:1 to 5:1, preferably
from WO 2Q04/ 073854 PCT/ EP2004/.050199 - 14
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i nt eger feaﬂ’&e??felniﬁllda?her Bplas Itéo ibse fisofop, A4k 1t
7:1, norelpmetemabierabiomrén B.5: 1t 5:1, cespesiigl bye:1
0. 8f 1 tw 3i1l; thBo1R! f’ert:LBa:teersreﬁ’EHde&?@t@q.sb]_yre?egab'l
rekera [ r from
0 51 to i 2HECkd oSty [ Hearer D B T B e ar
rat| 0 reeﬁP%%lélH}éa 4°&yt‘é cli SnPHriEf S1eABT yaticoReFesentet o
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hydrogen sulfide, or a mixture thereof. The decomposition
may take place during processing of the slurry or during

20 further processing of the composition for use, eg during
extrusion or calcination before or after shaping.

The preferred preparation process of the present
invention involves contacting one or more slurries of the
desired metals in a protic liquid (for example water)

25 wherein one or more of the metal compounds, especially
both, are in solid and dissolved phase simultaneously,
with a refractory oxide in the presence of an alkali
compound at a temperature and for a time sufficient to
produce the precursor. It is possible for each metal

30 type that the metal is provided by two metal compounds,
one of which is soluble in the protic liquid and the
other of which is only partly soluble. Metal in this
context does not refer to the metals in metallic phase
but to metallic compounds containing the necessary metal

35 ions.



20 further processing of the conposition for use, eg
during extrusion or calcination before or after

W@ h@piorgs4 The preferred preparati on process of PETIEP2004/050199
present invention involves contacting one or nore
slurries of the desired netals in a protic liquid
(for exanple water) 25 wherein one or nore of the
net al conpounds, especially both, are in solid and
di ssol ved phase sinultaneously, wth a refractory
oxide in the presence of an alkali conpound at a
tenperature and for a tine sufficient to produce the
precursor. It is possible for _each netal 30 type that
the netal is provided by two métal conpounds one of
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20 refractory oxide present in one or the other or both, and
still obtain useful catalytic compositions.

Blending or mixing can be carried out by any
conventional means, eg an anchor stirrer, or high energy,
high impact method, for example using an Ultra Turrax

25 machine.

During the mixing or blending process, the
components of the slurries (co)precipitate to form solids
of the precursor composition preferably under the action
of the alkali precipitation agent. ©Normally the term

30 ‘co-precipitation’ is used when two or more compounds
that are dissolved, precipitate out of solution together.
In the preferred process of the invention, a portion of
the compounds are not dissolved and it is possible that
one or more dissolved components precipitate onto the

35 solid component(s). Therefore we prefer to use herein



materials are given. It is, however, possible to add
the netals' slurry to the alkali conpound, with the
wQQommfIsact ory oxi de present in one or the ot hP€T/BP2004/050199
both, and still obtain useful catalytic conpositions.
Bl ending or m xing can be carried out by any
conventi onal neans, eg an anchor stirrer, or high
energy, high inpact nethod, for exanple using an
Utra Turrax 25 machine. During the m xing or bl ending
process, the conponents of the slurries
(co)precipitate to formsolids of the precursor
conmposition preferably under the action of the al kal
precipitation agent. hbrnally % he tern130
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nominal solids content, the amount of solids added to the
protic liquid is intended. Preferably the amount of
alkali compound, eg ammonia, in the slurry is at least
0.2 mol per mol of metals M+X, on an oxide basis, and at
25 most 50 mol per mol of metals M+X, on an oxide basis. The
quantity of alkaline material can affect the final form
of the catalyst composition. The amount of alkaline
material, eg ammonia, preferably applied should be at
least 0.75 mol, more preferably at least 0.8, especially
30 at least 0.9 mol, per mol metals M+X, oxide basis. The
amount of alkali compound utilized is preferably at most
5, more preferably at most 3, and especially at most 2,
mol per mol metals M+X, oxide basis.
Suitable Group VIII compounds, which stay in partly

35 solid phase if the solvent is water, and therefore are



| ow a tenperature then insufficient dissolution may
occur. In a preferred enbodinent, an initial slurry
wa@oengerssat i on of in the range of from 2 to 40PCT/EP2004/050199
preferably 20 2 to 25 wt % of nomi nal solids content
is aimed for. By nom nal solids content, the anmount of
solids added to the protic liquid is intended.
Preferably the amount of al kali conpound, eg ammoni a,
inthe slurry is at least 0.2 nol per nol of netals
Mt+X, on an oxi de basis, and at 25 nost 50 nol per nol
of nmetals M+X, on an oxide basis. The quantity of
al kaline material can affect the final form of the
catal yst conposition. The anbuht™ of al kaline
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known | ahaekat 05doRERCEL G8Ssefore more preferred, since it
20 can decompose to nickel oxide, carbon dioxide and water
upon heating, based on the carbonate content of the
starting material.
Suitable alkali compounds applied to prepare the
slurry with the refractory oxide material are selected
25 from hydroxides or oxohydroxides, for example, Group IA,
or IB or Group IIA, or IIb hydroxides, Group IA or Group
IIA silicates, Group IA, or IB or Group IIA or IIB
carbonates, and equivalent ammonium compounds, or
mixtures of any two or more thereof. Suitable examples
30 include ammonium hydroxide, sodium hydroxide, ammonium
silicate, ammonium carbonate, and sodium carbonate.
Preferably the alkali compound is one that will generate
ammonium ions in solution; this includes ammonia which,
with water as the solvent, will generate the ammonium

35 hydroxide form.



e.g. by precipitation. The correspondi ng tungsten or

15 other Group VIb netal conpounds are al so suitable.
w@E@rniises material s having a C, H, and 0O conpoPEnEP1004/050199

addition to the desired netals are, in general, nore

preferred due to a |l esser inpact on the environnent.

Ni ckel carbonate is therefore nore preferred, since it

20 can deconpose to ni ckel oxide, carbon dioxide and

wat er upon heating, based on the carbonate content of

the starting material. Suitable al kali conpounds

applied to prepare the slurry with the refractory

oxi de material are selected 25 from hydroxi des or

oxohydr oxi des, for exanple, G'8up |A or IB or Goup
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of tilﬂBaQQCBEHEEﬂaYly from 60 to 80°C. The ageing period is
optionally followed by cooling the obtained mixture to a
20 lower temperature.

After optional cooling, the obtained slurry may be
processed in a number of different ways in order to
regain the solid content, which process can involve
filtration, spray drying, flash drying, evaporation, and

25 vacuum distillation. By evaporation, any process of
driving off the protic liquid, e.g. water, or drying is
intended, for example dessication and boil down
processes. The system used will depend on a number of
local factors including environmental legislations, and

30 energy availability. Most preferred are filtration and
spray drying. The former is quick and not energy
intensive but requires several reiterative steps,
especially in closed loop manufacturing processes where

the mother liquor is reused, and produces higher volumes



termed agei ng) subsequent to the end of the
(co)precipitation process. The ageing tine usually

WO 2@8/0738 t he range of from 10 m nutes, suitabP@I/BP2004/050199
m nutes, to 15 preferably 4 hours; the ageing
tenperature maybe in the range of from anbi ent
tenperature, for exanple, from 20, suitably from 25C
to 95C, preferably from55 to 90, and especially from
60 to 80C. The ageing period is optionally foll owed
by cooling the obtained mxture to a 20 | ower
tenperature. After optional cooling, the obtained
slurry may be processed in a nunber of different ways
in order to regain the solid*@ontent, which process
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the weight of the calcined sample after heating in the
20 oven, both corrected with the weight of the crucible.

The prepared powder may be dried before optional
further processing, especially where filtration has been
used to isolate or recover the solids. This drying or
ageing can take place in any suitable atmosphere, e.g.

25 inert, such as nitrogen, noble gases, or mixtures
thereof, or oxidative gases, such as oxygen, oxygen-
nitrogen mixture, air, or mixtures thereof, or a
reductive atmosphere, such as hydrogen, or mixtures of
reductive and inert gases or mixtures thereof, with or

30 without ammonia and/or water moisture present. The drying
temperature is preferred to lie in the range of from 20,
usually 25, to 200°C, preferably 55 to 150°C and
especially from 70 to 130°C.



to prevent any inhonogeneity. The wei ghed sanple is
transferred into a wei ghed and precal ci ned cruci bl e.
wah@4/0Taseci bl e is place to a preheated oven atPGHBR0H0050199
a mnimmtinme of 15 mnutes, but typically for 1
hour. The 15 crucible containing the dried sanple is
wei ghed again, and the LO is determ ned according to
the formula: LO%= (w- wecalc)/w* 100% where wis
the original weight of the sanple, wcalc is the
wei ght of the calcined sanple after heating in the 20
oven, both corrected wth the weight of the crucible.
The prepared powder may be dried before optional
further processing, especialtyowhere filtration has
been used o] isogate or recover the solids. This
drying or ag&ify cal¥ ERe"Spr e i Ay i prafrEably
at nosphefeuseg, 3 a2dappecptalygpie foamilationegen, nobl e
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or mxtures o reductive and I nert gases of m xtures
t her eof ,*9Wr9RT 10030 wikehericizatiemimay ands dr eeatrégd out
MDi St ur einpags emtrablkhetslisphdrg, d.epeest Yees s prefges ed

tolie irﬁlbié’]%agéng@ aoxtligtﬁpe[ntg&’eof,u%yaﬁ!rl X %gctitvg ZOOC'
pr ef er ab| rom 70 to 130C.

% 55 o 150C and espechg:LItl%gf

WO _2004/07%855 PCTIEPY00AT 050198 507 Fhe *govide? nmay
be Wsed MEEGCH SR oFTiwepreretfamsy @ Higtirseal dgegf and
shaped catetliystgabes-nul ati on. Optionally the obtained
powder is cakténed by, tihe &aPidATpowdbi ti@bbR 1onally

cal ci natyj; 00 {epPes@tULes Al it NeePreangs: ot f1QNy
100 to 6995% RL ef er abllyidfrom .
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and processes, for example hydrocracking. Thus the powder

20 may be combined with a cracking component, such as a
zeolitic or other component that promotes hydrocracking -
the conversion of a hydrocarbon feedstock to one of a
lower boiling point. Such components include faujasite
materials, such as zeolite Y, ZSM-5, ZSM-21, =zeolite

25 beta, or combinations thereof. Certain amorphous silica
alumina materials have a cracking function and may be
utilised. It is unnecessary to add to the powder any
material that would act solely as a binder, but of course
it is possible.

30 Where desired, other supplementary materials can be
added. These include materials usually added during
conventional catalyst preparations. Suitable examples are
phosphorus materials, e.g. phosphoric acid, ammonium

phosphate, or organic phosphor compounds, boron



reacti ve gases. Prior to shaping, the obtained powder
is optionally mxed with additional materials in
we@paoher3sspl id or liquid phase. Those in sol i dPGL/EPB04/050199
i nclude catalytically active 15 materials, e.g. other
catalytic materials generally used in hydrotreating
applications. It is also possible to conbine the
obt ai ned powder with catalytically active materials
that are used in other hydroconversi on processes, for
exanpl e hydrocracki ng. Thus the powder 20 may be
conbi ned wth a cracki ng conponent, such as a
zeolitic or other conponent that pronotes
hydr ocr acki ng - the conversibﬁldf a hydrocarbon

feedst ock 1 Q. gne ower poi nt .
conponent gl&i ncl’ 5%05 aconta“}mg W Oungs’ &SR St ghetals,

zeol i t e 3¢ ZSMIS traZgMElZ’In meztéb‘f'l fe "25’“57@? dlheé?"f
conbi natfhesmordrer egfPowCer tai pe aAB¥phousy Sitkp cd the

al um na prepertalns hAver.aathaskiiBusdednat pon andnhomy be
uti Bl Se@’efl‘atctbﬂz UQﬂ:@Cz@a?t%@:[aM t&o@%rgﬁ)s '1.: OH]Q tggn ?Qy
u 0

t |t d t )
Course "TH e ORI B6, 50 GhoiEralsT rEE bt fler

course i ere
suppl enent ar”&‘?r"rﬁélﬁé'r pafies palrerinds BaydeRrlotheseitines ude
mat er i altgrimddy [ryfaddedndire ag asonvanhy oahtcadal yst

pr epar alt sBilSing Sk Ablre Xt 88 Ak cdiJBQJSsK.éhQEéA§ates,
nat@rlasgraecgnsp Li G, B=T1011) 0
1 fftbnt h&%pm mxcéu ygoop%ggggﬁrﬁ

or organic or conpounds ron

e Epa0s 5y Bas B0 the rﬁegtn@nﬁ%ﬁ?ﬁﬁgﬂatﬁlab? PUHEAI ni ng
conpoundSrticht g arheRe PeeRing, 1s Budictrushan. theanmst tison
net al s, popfarirrd tpesintivereedfe. amddhosyFharyoushveniiposnds
may be addedist sa8y. stiep Mefgmly,prsﬁﬂ;ﬁ'flétl.soﬁerfl);me% Sy
al ygi na x§r%§§9 85RAl.<0le LRSY LRLLAGH Ay, Ox! de

mat eri al osp OFOUS compoun can used fo

pepti sing (\Aﬁh?h T \ﬁ°‘t"1’?66tprﬁPirreficbyaS‘?"tﬂ“p"Slﬁlb?"e8?/etF‘e
added mEreriraPs REBPURHC Icarl e=hEdict $vese Lyp saflegtions
r ef er r ecihiem etxhreinad tbyasowdgh&pb ny fagent @' agalysisshapieng
ai ds'. TResatasd hid/ @faABYerGONRS bS@hS1@BLBLRS(and any
20 cobalt) in the prepared material. Following shaping by
extrusion and calcination it has been found that some of
the shaped catalyst compositions exhibit other
reflections which are characteristic of layered double
hydroxide material. This material is normally
25 undesirable in a catalyst material prior to shaping
because the resulting extruded product has a reduced
crush strength. In the compositions of the present
invention such hydroxide material only appears to arise
after extrusion in certain cases, and no such reduced
30 crush strength has been found.
Suitable materials in liquid phase may additionally
be added to the shaping mixture obtained, which include
protic, e.g. water, polyols, etc., and non-protic

liquids, e.g. hydrocarbons. Protic liquids, e.g. water,



10 surfactants, graphite, or m xtures thereof. For
maxi mum strength in the resulting shaped materials
whowewzass4 particularly where shaping i s by exeCUBPING/050199
then it is preferred to mninmze the anmount of any
conventional extrusion aids. Mst preferably, shaping
is perfornmed by 15 extrusion in the absence of any
extrusion aids. The dried powders prepared by
deconposition of the precursor conpound, can exhi bit
crystalline reflections when exam ned by powder XRD
diffraction analysis. These reflections are
characteristic of the titanium (and any 20 cobalt) in
the prepared naterlal Fol | owfhg shaplng by extrusion
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lies prefigsentdrabt ¥nk NobdR:6aN06n QEndrhOMsl1 £:0a 0B %
ba§§d Ol?nay be carried out by contacting the catalyst or
precursor with a sulfur containing material, e.g.
elemental sulfur, sulfides, disulfides, etc. in gas or
liquid phase. Sulfidation can be carried out at any step
of the shaping procedure, including prior to the first
25 optional drying step. It is preferred, however, that
sulfidation is carried out only prior to shaping when any
of the subsequent heat treatments performed are carried
out under a suitable atmosphere that prevents the
conversion of the (partly) sulfided phase back to an
30 oxide state.

Preferably the sulfidation step is carried out
subsequent to the shaping step(s), and, if applied,
subsequent to the last calcination step. The sulfidation
may be carried out ex situ (with an appropriate

35 procedure) prior to loading the catalyst into a



final weight, and depends on the requirenents of the

10 anticipated catal ytic application. Shaping can be
w@eoohorased i n vari ous ways dependi ng on the  PCT/EP2004/050199

requi renents of the application. Those nethods

i nclude spray drying, extrusion, beading and/or

pel l eti zi ng anong others. Sulfidation may be perforned

in order to turn one or 15 nore netals into its

active form If the conposition is used as a shaped

catal yst conposition, then it may be sulfided before

and/ or after shaping. No special sulphiding procedure

is necessary for the catalyst conposition of the

invention. In general, sulfidation 20 may be carrled
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sul fided,into the active catai/yst ,
m2/g, more preferably 200 g. Pore volume of the final

product, measured using nitrogen adsorption up to 95nm on
20 the B.E.T. adsorption curve, preferably lies in the range
of from 0.002 to 2.0 cm3/g, preferably from 0.05 to 1.5
cm3/g, more preferably to 1.2 cm3/g. Most preferred is a
pore volume in the range of from 0.08 to 1.0 cem3/g. Flat
bed crush strength, as measured by ATSM D 6175, is
25 preferably in excess of 100 N/cm.

Catalysts which comprise a catalyst composition of
the present invention exhibit a very high activity for
hydrodesulphurisation and hydrodenitrification of
hydrocarbon feedstocks. This activity is higher than

30 that found for equivalent NiMo and CoMo catalysts
prepared by (co)precipitation with alumina or silica.

While not wishing to be bound to any theory, it is
currently thought that this exceptional activity is the

result of a high dispersion factor for the metals through



form by neans of sulfidation carried out in the
presence of hydrogen, by either contacting the
w@adoalysss4a with |iquid feedstock (in liquid orP@EEP1094/050199
gaseous phase), 10 which contains and/or is enriched
in sulfur, where sulfur 1is present in the formof an
organi ¢ sul fur conpound and/or elenental sulfur, or
in the presence of a sulfur containing gas, or a
m xture thereof. Surface area of the final shaped
product nmeasured by 15 the B.E. T. nethod, using
nitrogen as adsorbate, generally lies in the range of
from10 to 350 n2/g, preferablé)r/1 from 30 n2/g, nore
preferably from40 n2/g to preferably 300 nQ/g, nor e
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i nvent i (ddmpodi@vensa high activity with nmetals di spersed

tr"d@u9h t he Hydrocarbon feedstocks that contain sulfur and
nitrogen include any crude or petroleum oil or fraction
thereof which have a measureable sulfur and nitrogen
content. The feedstocks may be previously untreated or
have already undergone such treatment as fractionation,

25 for example atmospheric or vacuum distillation, cracking
for example catalytic cracking, thermal cracking, or
hydrocracking, or any other hydroprocessing treatment.

Examples of suitable hydrocarbon feedstocks include
catalytically cracked light and heavy gas oils,

30 hydrotreated gas oil, light flash distillate, light cycle
0il, vacuum gas oil, light gas oil, straight run gas oil,
coker gas oil, synthetic gas oil, and mixtures of any two
or more thereof. Other possible feedstocks include
deasphalted oils, waxes obtained from a Fischer-Tropsch

35 synthesis process, long and short residues, and



oxi de material, but are not necessarily uniformy

di spersed. The catal yst conpositions of the invention
whawe/02885parti cul arly good activity for PCT/EP2004/050199

hydr odesul furisation (HDS) 10 and

hydr odeni trogenation (HDN). In the art of refinery

processing, a nunber of terns nmay be used to refer to

processes which require HDS and HDN activity in somne

form These terns include hydrotreating,

hydr of i ni shing, hydrofining and hydrorefining. The

conpositions of the 15 present invention therefore

find use in all these hydroprocessing reactions.
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The feedstoGk,My:ave @chidhk Qgen LomLent foidRs tQ
20 consecutive order. Such other catalyst may be for example
a further hydroprocessing catalyst or a hydrocracking
catalyst. Where the composition of the invention is
exposed first to the feedstock, then a second catalyst is
most suitably a catalyst which is susceptible to
25 nitrogen-poisoning.

The process of use of the invention may be run with
the hydrogen gas flow being either co-current or counter-
current to the feedstock flow.

The process of use of the invention is operated

30 under the conditions of elevated temperature and pressure
which are conventional for the relevant hydroprocessing
reaction intended. Generally, suitable reaction
temperatures lie in the range of from 200 to 500°C,
preferably from 200 to 450°C, and especially from 300 to



10, 000 ppnw (parts per mllion by weight), for exanple
up 5 to 2,000 ppmw, and a sulfur content of up to 6
WwWoORe/0T3spi cal |y, nitrogen contents are in the PERER2004/050199
from5 to 5,000 ppnw, nost suitably in the range of
from5 to 1500 or to 1000, eg from5 to 500, ppnw,
and sulfur contents are in the range of from0.01 to
5 w% The 10 nitrogen and sul fur conpounds are
usually in the formof sinple and conpl ex organic
nitrogen and sul fur conpounds. The catal yst
conpositions nmay be applied in any reactor type but
are nost suited for use in a fixed bed reactor. If
necessary two or nore reactof§66bntaining the 15
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well known to the skilled person. Suitable procedures
20 have been discussed above.
The following Examples illustrate the present
invention.
EXAMPLES
In these Examples the following test methods have
25 been followed to provide the measurements given
B.E.T. Measurement: ASTM D 3663-99, as modified by ISO
9277, with drying of the sample at 300°C for 60 minutes
prior to measurement, and using nitrogen as adsorbate.
Pore volume: obtained from nitrogen adsorption up to 95
30 nm on the B.E.T. adsorption curve.
Nomilnal composition proportions are given herein as
percentages by weight.
With the exception of Examples 9 and 10, the titania
used in each of the Examples of the invention is grade
35 DT-51D obtainable from Millenium Chemicals which has a



Typi cal hydrogen partial pressures (at the reactor
outlet) are in the range of from1.0 to 20 MPa (10 to
wQod4/0msbar), and preferably from 3.0 to 15. 0 MCHEPH04/050199
to 150 bar), especially at 3 to 10 Mpa (30 to 100 bar)
at which pressure conpositions of the present
i nvention have been found to have a particularly
i mproved activity. The hydrogen gas flow rate in the
reactor is nost 10 suitably in the range of from 10
to 2,000 NN/kg liquid feed, for exanple 100 to 1000
Nl /kg, nore suitably 150 to 500 NI/kg. A typica
liquid hourly space velocity iis in the range of from
0.05 to 10 kg feedstock per TiElre catal yst 15 per

hour (kg/l/h), fa aE%bo Qr;n? né lské%‘f/ﬁ refer abl y
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PCT/ Epzoac]):%é 0%0&?% mz/g The nltrogen pore volume, measured up

to 95 nm on the B.E.T. adsorption curve, was 0.23 cm3/g.

Example 2
Co0/Mo03/Ti0s — 27 wt%/53 wt%/20 wt¥

20 Into a 2 1 bulb, 1506 g water were weighed and
heated to 80°C. Subsequently, one after the other, the
following compounds were added: 42.1 g TiOp, 95.4 g

cobalt carbonate, and 124.1 g ammonium dimolybdate. The
slurry was stirred for 5 minutes while the temperature

25 was maintained at 80°C. Thereafter, 55.7 g ammonia 25 wt%
solution were added to the slurry.

The temperature was kept at 80°C for 30 minutes. The
pH was 9.7 (as determined from a small test portion
cooled to room temperature and the pH measured at room

30 temperature). After 30 min, the heating was switched off,
and the slurry was spray-dried over about 30 minutes.

The obtained powder was extruded, dried and

calcined. The product exhibited a B.E.T. surface area of



BET surface area of 88 nR/g and is 100% anat ase
titania, on oxide basis. Exanple 1 Co0O/M03/Ti 02 - 41
WO %6 20 Wt 5 In a 5 litre bulb, 2933 g MEI/EP2004/050199

were heated to 80C. Subsequently 84.2 g titania,
273.1 g cobalt carbonate, and 184.9 g ammoni um

di nol ybdate (containing 56.5 wt% Mb) were added to
the water. Shortly after, 161.5 g ammonia solution
(25 Wt % anmoni a content) were added while 10

mai ntai ning the tenperature at 80C. The pH was 9. 5.
After 30 m nutes the heating was switched off. The
slurry was spray dried. In total 453 g solid materi al
was recovered. The powder was 2fxtruded, dried and
cal ci ned5 a% %9 C.in air. 15 The so-obtai ned extrudates
exhi bi t & BE/T TEUMTEEST £PER VISR, ARG, UPrfie 95 nm
ni t r ogerrnporee BVBITUMRisormeasucetkelpvast 0. @35 «adven t he
B.E. T. adsorption curve, was 0.23 cnB/g. Exanple 2
CoQ MoOSETRE 2 27 W %53 W% 20 W% 20 Into a 2 1
bul b, 1506/¥p0saiicr (Werrraeivghedrasd - Heatvd3twsgOCHt s
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ing slurry was spray-dried and yie
206 g of powder.
The powder was extruded, dried and calcined at
300°C. The so-obtained extrudates exhibited a B.E.T.

20 surface area of 74 mz/g. The nitrogen pore volume,

measured up to 95 nm on the B.E.T. adsorption curve, was

0.24 cm3/g.

Example 4
Comparison of gas oil test of the catalysts of Example 1,

25 Example 2 and Example 3
Gas oil hydrodesulphurisation (HDS) testing was
performed in a nanoflow setup under trickle flow
conditions, using full range (“virgin”) straight run gas
oil as feed. The catalysts were crushed and sieved into a
30 30-80 mesh size fraction which is the size most suited
for catalytic testing in a tubular trickle flow reactor.
After drying, they were loaded into the reactors with SicC

as diluent to ensure proper plug flow conditions. Prior



56.4 n2/g. The nitrogen pore volunme, nmeasured up to 95
nm on the B.E T. adsorption curve, was 0.097 cn8/g.
wex@aprss8 CoQ Mo03/ Si 2 (conparative sanpl e) PCREP2004/050199
wto/53 to/20 wt-Q 5 Intoa 2 litre bulb, 1000 g
wat er were nmeasured. 124.1 g anmoni um di nol ybdat e and
91.54 g cobalt carbonate (59.84 w % Coo) were added
to the water, while stirring wth a pseudo-anchor
type stirrer. The slurry was heated to 80C over half
an hour. Additionally, another slurry 10 of 44.9 g
silica, (SIPERNAT 50) 502 g water and 55.7 g anmmonia
(25 wt % anmoni a content) was prepared simultaneously.
As soon as the first slurry was at 80C, it was added
to the t [ lurr Thet erature
15 mai ntng(% %és&%? %‘% ngﬁ s#e h%/melr%owslelenl e oﬂlrw t&\/htlhle §eteﬁe
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yi el ded r¥0eeyy 6fr golwdeed hTirotpewdey caeslyexd.r uded,
dried and cateitnefdwai ped3Rfed Thesssor,0bt@irned bar
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this, the result of one test run (here that for the
catalyst of Example 3) is set at 100% conversion and the
RVA for the other test catalysts indicates what
percentage increase in activity was found. For the
20 catalysts of Examples 1 and 2 the HDS RVA values are
exceptionally high; the HDN RVA values are also
significantly increased.
Table 1
Pseudo first order reaction rate constants
25 and relative volumetric activities of Example 1,
Example 2 and Example 3 in HDS and HDN reaction using

full range straight run (“virgin”) gas oil as feed.

Example 1 Example 2 Example 3

Refractory oxide ' titania titania silica
S in product (ppmw) 59 64 507
Conversion of sulfur (%) 99.6 99.6 96.9
Kaps (1.1 1.n-1 3wt s-1) 42.6 41.2 12.8

Relative volumetric HDS 333% 322% 100%
activity (%)




to testing, the catalysts had been sulfided with the
feed itself, according to a procedure generally

wappkiozassi n the refinery for cal cined hydr ot r BEIt/EP2P04/050199
catal ysts. Testing was perforned at 345C, under 55 bar
5 hydrogen partial pressure, with a hydrogen gas rate
of 250 N/kg feed. No additional H2S was added to the
recycle gas. The liquid hourly space velocity (LHSV)
was set to 1.75 1.1-1.h-1. The feed contained 1.63
wt % organic sulfur, and 165 ppnw organic nitrogen. 10
Data for both HDS and HDN (hydrodenitrogenati on)
performance were collected. Relative volunetric
activities (RVAs) of the catalysts are dlsplayed in
Tabl e ' :

reacti orker at gor con tants (k) fogltgl% tvvg tr eactl o ca

calculateg Fromthe 15 sulfur an nlfLﬂﬂPﬂ Lnntpntgn

t he efflbhé?ttpr%dtlfteé‘?ﬁmw’B this, thé tesult ot one‘tbst
run (hercé?n’t"tﬁat"nf‘&rmtthcé’en d&t al yst 2 Exanpfé 3) i ¥ -Set
at 100%ggavensi onl and-the RVA & the é¢8er tedt-3

cat al ystélgﬂg% cat, g&rMQBN percentgge incrgase inNggg,
acti vit yaceastd qen For the 20 catal ysts of Exanples 1

and 2t ;

HDN RVA value ar.e nflcat ncr ea
Table 1 PseudS'fi’r§ s?ear demr(;ilelgtc t|ef)nrlc raétO{é"ar(‘:tc§1 §t% ngtl 95
and r el atiitgeiay of Lt#ewqféa%tefﬁr Vit Eh Y TERaRRITiRe £he
Exanpl e &tangbtBxanpt@io3adtividDBasndarHbhtiareat mhgritudd ng
ful ls ranggestda@b@ghtodtdht (inViHegbfba)ici@sn Gkl achSefaenk

Exarrpl e | | by t . ersion
o B SRS R, B S
Conver si ¥n ~8f* §4t1ar? r?%’ ﬁgeél @9@ 696 %Psll( oAty
(1. 1- 1. hrepchppgt aigosy tapal cgnvepsiop. gihepaAxpr¢sped as

vol unet riciakBDs 333 B22% L0y : adki widrgdedh fupration
2004/ O73§c&4v5gré.£%ggﬁﬂi/j.9§.@lj99:hree times higher with titania

as refractory oxide present, and hydrodenitrification

activity is almost twice as high compared to the silica

counterpart.

Example 5
15 NiO/MoO3/TiOp = 27 wt$/53 wt$/20 wt$
In a 5 litre bulb 2972 g water were heated to 80°C.
Upon reaching this temperature, 84.2 g titanium dioxide,
220.3 g nickel carbonate (39 wt% nickel), and 248.5 g
ammonium dimolybdate were added to the water. Shortly
20 thereafter, 111.6 g ammonia solution (with 25 wt% ammonia
content) were mixed with the above slurry. The resulting
mixture was kept at 80°C for 30 minutes. The pH was 8.3.
After 30 minutes the heating was switched off. 344 g
of solid material were recovered by means of spray-
25 drying. The powder was extruded, and the obtained green

extrudates were dried and then calcined at 300°C.



- 30 Exanple 1 Exanple 2 Exanple 3 Refractory oxide
titania titania silica N in product (ppmy) < 1.0 <
W@ 204473854 Conversi on of nitrogen (% 99.4 99. 4PGIWEB2004/050199
KHDN (1.1-1.h-1.%wv N-1) 70.8 70.3 39.3 Relative
volunmetric HDN 180% 178% 100% activity (% Table 1
clearly denonstrates the advantage of using titania
as the refractory oxide when fornulating the catalyst
with CoMb active phase. An order of nmagnitude 5 | ower
sul fur content in the product can be achi eved by
using the titania containing catal yst and the
conversion of both sulfur and nltrogen is increased
significantly reaching al nost>'total conversion. Wen
expressed asg, fglati v u r C
hydr odesul f uTrrllezgtE'?gn %6}!?& %E\%%téilfc Ffsile %%J%Jrlgi?gn‘éroﬁua vas
three tithe8 fd-ghe toiadh (HitEeEspt PogS vodleareasryedorp ¢e

present, onRd &y Hogdeanirt rddsb &t bORur-ACHLAY bt Y23 ém%rmst

tw ce as.hi unt.er

Exanpl o B e RERRaOT 1 8200 S R o e T
5 |i%tre W/BO BOTE gwiieh etorvieivendfesie édctlo 08DCA: c0p bt
reachi ngeidsbss:ttenperature, 84.2 g titani um di oxi de,
220.3 g nickel carbonate (39 wt % nickel), and 248.5 g
amoni unys bdate were added to the water. Shortly
20 t her elf¥/¥eQ3/81%. Geqprarmbdnt aagoieltt R il Thvos 24t 96®
anmoni a con{ent) M@f@bmw@ﬂssmrgmtgheqee@wg@hLarney-
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and t he odivarsiede giewirc. esvbriigatiesesee, d6ied amcnidhen

cal ci nedsat,: 30065 WO 2004419 733840 P CId-EPRR04/: Q50109 -

31 15 slurry.

After 30 minutes, the heating was switched off. The
pH was 7.44., The slurry was spray-dried yielding 204 g of
powder in total. The powder was turned into the final
product by extrusion, drying and calcination at 300°C.

20 The B.E.T. surface area of the calcined product was
42 m2/g. Measured up to 95 nm on the nitrogen adsorption

curve in the B.E.T. method, the nitrogen pore volume was

0.132 em3/g.

Example 7
25 Comparison of gas oil HDS and HDN test of the catalysts

of Example 5 and Example 6
Following a typical sulfidation procedure resembling
an industrial scale operation, the catalysts obtained by
the procedure of Example 5 and Example 6 were turned into
30 their sulfidic state. The catalytic activity of the so-
obtained products was measured in HDS and HDN operation.
The test data was collected from a microflow tubular

reactor under trickle flow conditions using full range



The B.E. T. surface area of the resulting product was

42 n2/g. The total (nitrogen) pore volunme nmeasured up
W0 200408 on the B. E. T. adsorption curve was BCT/RB2004/050199

cnB/g. The el enental anal ysis gave N 0/ Mb03/Ti 02 -

27.5 wt%51.3 5 wm% 20.8 wm % which corresponds to

b:c=1.0:1, d:c=0.7:1, e:c=5.5:1. Exanple .6

Ni 0/ Mo03/ Si Q2 (conparative sanple) - 27 wto/53

W-0.120 Mt* In a 2 litre bulb 1485 g water were

wei ghed and 10 heated to 80C. Subsequently 44.9 g

Si pernat 50 silica, 108.7 g nickel carbonate (39.5

wt% Ni ) and 124.3 g ammoni umdi nol ybdate were added,

while maintaining the tenperature at 80C. Shortly

t her eaf t e4raifh. Lol (BPIFRH A g50bUL.i Ofo( 220w S aITRAI a

cont ent )C%Ee%ag&%qléaq Eiz.tlv?e}ée? tL efﬂpi%ﬁ(egr d% lls are

m nutes, eating, was swi t che

7. 44, ThE 'SPl §°R48s%spray-dried yi el di ng 204 g of
powder in total. The powder X&8%=t2urned into the final
product $yleexddr psipentiedrad AgedandsetalC p&iEFbifahcatte3004G.
20 The B.E-I_surface area of the calcined product was
42 n2/g. MESRSured up to 95 nm on feR® 2ni t r ogded B
adsorption <¥rvevwint the B.E. T. métbdd, the niéxogen
pore vol une N/valspmwtj). 132 cnB/g. Exampe. 7 25 Carggari son
of gas oil tes f th tal ysts

Exanpl e Ser;IBDS %_(!2\!6 (ﬁ%%/lg vv| nq%égiaypl cal 0.8

sul fidati oﬁBPplabc]@dmte(rCésenbl ing 4% industri%® scale
oper ati on, Tkhet catattyst® obtai ned 3¢ the proeedure of
Exanpl e 5 andExagphe (&ywere turneghoi nto 30 tieeir

sul fidic state, Jthe,cqtalytic actiy-ty of the,so-
obt ai ned

operation. The test data was collected froma
m crof | ow t ubtdtarg vregetbrmethdedert perokit pFPwent sulfur

COﬂCﬁ ti OE&ﬁt@ﬁt@ RY gSUi)élr LAdNGe ]y\@ lg'o-oﬂ'l(ﬁz&&%ﬂrly space
PCT/ EP20941/0Q§ ylgg feed 3.?rest data collected after 500 hours on

stream, and expressed as the temperature (measured in °C)

required for obtaining 10 ppmw sulfur in the product are
shown in Table 3. The obtained nitrogen content in the
10 product at the temperatures shown is also given in Table

3 as the measure of the HDN activity.

Table 3
Comparison of HDS and HDN activity of catalysts at

constant effluent sulfur content using a full range

15 straight run {(“virgin”) gas oil as feed
Catalyst Example 5 Example 6
Refractory oxide titania Silica
Feed applied Feed A Feed B
Temperature required for 10 ppmw 330 342
sulfur in product (°C)
Pseudo first order reaction rate 38.81 25.76

constant for HDS (l.l‘l.h'
1.wts s-1)



straight run ("virgin") gas oil. Two feedstocks with
close to identical properties were enployed; details
w@e®@4/0gasyen in Table 2. Table 2 Sel ected propePCT/EB2004/050199
feeds used in performance testing Feed Feed A Feed B
S XRF (Wt% 1.62 1.63 N (ppmy) 152 165 Density
(20/4) (cnB/g) 0.86 0.86 TBP at 10%wm ('C) 241 236
TBP at 50% w (C) 316 321 TBP at 90% w (C) 382 388
TBP at 96%w (C) 397 403 Testing was perfornmed under
constant effluent sulfur 5 content at 55 bar and at
1.0 h-1 liquid hourly space velocity of feed. Test
data coll ected after 500 hours,,on stream and
expressed as the tenperature (maasured in C required
for obtaidibpg el 1RROW:SWhiitkned-he pradyuct arejgghown
in Tabl e 3psThe obtained nitrogen content in the 10
pr oduct Eétcomlrﬁelttﬂenpeqdaptlraésr@hbxm is alkdo given &h

Tabl e 3, d8"Rjer @Wof the HDN activjty. Ta

Conpari son o?t Ctl 5Ty of 4'4I[al yst sPlateio
an

const ant qfo? ontent using a full range

15 strai @Jltatmnvc(luwe&gbnac)ugﬁé & as f;ged Catahys
Exanpl e_5Hoxanple 6 Refractory oxide titania Silica

Feed applied Feed A Feed B Tenperature required for
10dppnrw 330 842an %Ml i%eléh fﬂampfa@@lél@t t{&) uPesez@@yéﬂ hSde
order reacti [ 8,C’lh JA TN r

(111 b2 Vo osﬂgglv% 2004 of73°8t§49 348850 /050199

33 1dentlcal sulfur content in the effluent (product) stream

5 at 12°C lower temperature. When comparing the pseudo
first order reaction rate constants for the HDS reaction,
a significantly higher reaction rate constant is found in
the case of the titania-containing catalyst, compared to
the silica counterpart. This translates into a 51%

10 improvement for volumetric activity using the silica-
based catalyst as base case.

The elimination of nitrogen containing molecules
from the feed is also considerably improved by the use of
titania as the catalyst support. As is shown in Table 3,

15 at temperatures where 10 ppmw sulfur was obtained in the
product stream, both catalysts achieved nitrogen contents
below the detection limit of measurement.

Converting this result into pseudo first order
reaction rate constants for HDN helps to assess the

20 differences in activity. Based on the reaction rate
constants, a 32.6% increase in relative volumetric
activity for nitrogen removal can be attributed to the

use of titania {Example 5).

Example 8
25 Comparison of aromatic saturation activity of the

catalysts of Example 5 and Example 6
The extent of aromatic saturation under the reaction

conditions discussed in Example 7 was also evaluated. In



Rel ative volunetric activity for 151% 100% HDS N
content in product at reaction <1 <1 tenperatures

W@ ppaw)3sPseudo first order reaction rate 54. 48PAWERD04/050199
constant for HDN (1.1-1.h 1.w% N 1) Relative
volunetric activity for 133% 100% HDN It can be seen
fromTable 3 that the catal yst made by using titania
as the refractory oxide, achieves identical sulfur
content in the effluent (product) stream5 at 12C
| ower tenperature. When conparing the pseudo first
order reaction rate constants for the HDS reaction, a
significantly higher reaction jate constant is found
in the case of the titani a-containing catalyst,
_con'par e, a0 ’Joh@li%'ijnét(éap&gymee{rmggionﬁm %héfm@@ﬂaﬁi@s
Into a 5%’6%%%&9}’&8%’ %@gé‘éra Ol Yol UDeLL1 6 acti Vit %e
using the S|J[|ca- ased catalyst as base case. "fRe
el i m nat th° of PhT CPOYER ?%‘Hi“%a?%ﬁ‘? FYL 4151 Tdar 9 ¥98m t he
feed i s dctsbydondivderabty skrpoby edn pstdié wseupfd as
titani a asdt h@ceatal ystiguppoibtioAs inStihammatit Tabl e
3, 15 atcd eoperatdes MOeher tdn PRV SULIME MBS cq in
obt ai nedthlen éshcg product stream both catal ysts
achi eved ni frogén contents below the detection limt
of neasur enetite. CTHRTECP| HigethicatTediAdt T/t dropaeirdo
first ordetent eictheofredairg tienst@ints mpagurHDNnhelopgs t o
assess t e ndodj fikereRe®Sni Thod€ ta. VivbyconBasRes alerk he

react i Onmefa@L?edCQ{‘%baEHrShyﬁp?% Bbd; DLTL.E888 L N L )3t i ve
vol unetrjc activity alfso% ni trogen.renoval . can

. Nl{k td 0 etn ow, rateTappl ho lrl acl:oe
attri but &8d ¢ FREFOUES 51"t THENTR NV ERAPIE 57 Exanpl e
8 25 Conperisorsoff aromad ilc0 slatth-att en H6f¢virky of the
cat al yst guiabndaXati eptaiadd skx@bpPirep&alée (gpdenis afso
aroqgat i c, saturat jon inder the reaction
Table 4
Selected properties of the feedstock used

for testing aromatic saturation performance

UV aromatics THSV (l-l'—l.h_l)
conversion
1.5 1.0
silica titania silica titania

Mono aromatics % -15.6 5.8 6.7 27.1
Di aromatics % 88.1 91.7 89.6 93.2
Tri aromatics % 90.8 94.6 94,4 96.8
Tri* aromatics & 91.4 94.7 94.1 96.2

‘silica’ indicates use of the catalyst of Example 6
‘titania’ indicates use of the catalyst of Example 5
Table 4 clearly illustrates the benefit of using

20 titania as a refractory oxide in the catalyst
composition. The largest benefit is seen in the
hydrogenation of monoaromatic compounds. At 1.5 1.171.n-1
space velocity, the catalyst prepared with titania can
achieve positive aromatics conversion, meaning a

25 conversion beyond eliminating the mono-aromatic compounds

that are produced by the hydrogenation of the di-



condi tions discussed in Exanple 7 was al so eval uat ed.
In WO 2004/ 073854 PCT/ EP2004/ 050199 - 34 order to
W@bkdoaiorass4e possi bl e variation in thernodynan cPCT/EP2004/050199
equilibria, the tenperature was set to 345C in these
tests. This ensured conparable sulfur slips for both
catal ysts. Full range straight run gas oil was used as
5 feed, where only slight variations in the aromatic
content were recorded between the two feeds applied in
the tests. The conversion |evels cal cul ated from
aromatics content of the feed and the product
measured in mmol/g 10 (UV netfhhod) is listed in Table
4. Two conditions were neasured at 60 bar hydrogen
partial pFRSELHE, thak 300 coNrdrkhy@oentgasef | ow rate

appl yi nachourly,spacs.. vekacidles of 15 and 1.0

1-1. h- ance, the obtained sulfur
| n pr oduct (Ab*pﬁﬁl)hqusllaﬂs%lld15@6‘??1(’.7%%&1@13 9fnl Pabiletgn?
Tabl e 4 Sel etlied-pnoperid estalstshead eedst oicls u&ezdrs:fo@r

t estsi Ng adRAAtHGeRAt What 1:08nReESREERACE intM BLOMRLI CS
LHSV (1 g‘oril?epsn.]o)i fCQ}Qesgrﬁ?'ongnargm% 1% %mgg'vgildéc% %JI tﬁ._%m a

silica titania._ Nbno aromatics

Di ar onaf o5 95i88 the FPP7892 R éjsf.f?re“FFumaF]b‘?rﬁf”i“’&S@)%“
90. 8 94. 6f lesk 96sIQdiffifultgrurhitjieastYsoPoynd iy 94, 1
96. 2 = stddacathiknilideattes disepe@iord hedwwgtmdtyst aofivity

Exampl € Brevibidignidn dn‘i?'mﬁ@ﬁ%bi—@ﬁegl &mlﬁ@ctsal yst of

Exanple 5 Ta Ie é‘ra%'sf%f UIU§atl ume%m% nefid  of

using 20 ti a re ractory OXI e In
cat al yst th%&ﬁ%ﬁ’ﬁtb?’f‘ anF%Fﬁlé?Pn‘bé‘ﬁ%‘ﬁttlc|°§m%%lélﬁs| n
t he hydroygeaatsenricofe poncarbriti0¢ wohpofadshe Atitanik
1.1- 1. h- datalysts, based on the similar activities achieved at

15 1.0 1.171.n-1 with the silica sample, as achieved at 1.5

1.171.h-1 with the titania sample.

In the hydrogenation of heavier aromatic compounds,
such as di-aromatics, tri-aromatics and heavier, the
titania-containing sample preserves its leading

20 performance as compared to the silica counterpart.

Example 9
Comparison of activity using titania of different origin
Following the preparation route described in Example

5, several samples have been prepared using titania of

25 various origin but combined with the same amount of
nickel and molybdenum. Available properties, such as
B.E.T. surface area, pore volume obtained from the
adsorption curve of the B.E.T. method, and average
particle size of the titania powders are shown in Table

30 5. The percentage of anatase content is also shown.



space velocity, the catalyst prepared with titania can
achi eve positive aromatics conversion, nmeaning a 25
w@emnersson beyond el i minating the' nono- ar omat PCT/EP2004/050199
conmpounds that are produced by the hydrogenation of
the di WD 2004/ 073854 PCT/ EP2004/ 050199 - 35
aromatics, thus also converting those that were
originally present in the feed. At an hourly liquid
space velocity of 1.0 1.1-1.h-1, the
silica-containing catalysts can match this conversion
5 level. However, the titania counterpart increased
t he conversion of these nono-ajomatic conpounds to
27.1% rmaintaining the gap of -20% difference in the
conversion of these npst diﬁ%hgglt t o- elininate
con‘poundgr Q efgqu Thi s nalcasﬁgéa supe
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origin Followng the ration _route described in
Exanple B, Sper 'SANBIEETHLVE Bech “preaarEAcUsPHY
tit#hia of* @ﬂWéPﬁéus orlgln but conbined with the

same anount Ofie ohixiked earchdaedsyirdenamshdd and adbeed into
properti 86,50SHe BSict BnFrrht sdIkhace wreaatapwle w&ltw;e
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met hod, aver ag e slze o tltanla

an
DO\MIJISers §rEEHowA Lisﬁn;’a?B'i”%o“ SndS Plackt e

hydrotreating catalysts, the activity in

hydrodesulfurization was measured. A full range straight
run (‘virginf) gas oil was used as feed having a 1.63 wt%
sulfur content. The test was performed at 1.75 1.17'.h™
liquid hourly space velocity with 55 bar hydrogen partial

20 pressure. The activity is expressed as the difference in
the required temperature to process the above mentioned
feed to 10 ppmw sulfur in product, using the performance
of a catalyst prepared by following Example 5 as a base
case (i.e. providing the reference temperature of

25 activity). These values are also presented in Table 5.
Note that a larger absolute value of the negative numbers
(a larger difference) translates into a more active
catalyst compared to the reference.

From Table 5 it is clear that with titania powders

30 having considerably different physical properties, it is



30 S. The percentage of anatase content is al so shown.
WO 2004/ 073854 PCT/ EP2004/ 050199 - 36 Table 5
w@xaiogiorsss ype, B.E. T. surface area (SA), pore ROI/EPI®04/050199
(PV), and particle size (Dv50) of the powder, the
anatase content, and the offset of tenperature
required (Treq) 5 for 10 ppnw sul fur in product when
processing full range straight run ('virgin') gas oil
under trickle flow conditions. N2 SA N2 PV Dv50
anatase ATreq Origin Type (n2/g) (cnB/g) (um (% (O
Degussa P25 50 0.14 3.36 80 -12 Ml enium 05 293
0.34* 22 100 -1 DT-51D 88 0.32.1.56 100 -17 Hai shunde
Ti 02 354 0.37 5.11 100 -17 * Obtained from anot her
LOT of @clmt&sbgﬂ@tﬂoCalzhlg{zé"’-qesn.gqagflcantl.:%@];&gg5inThe

obt ai ned e rushed .Sl e L nto
30-80 nes%)%%?mggt@% oﬁ }Qﬁ ?7 ¢ s SUlt e 5? aé:a t7°C be
testing *IREEHOW é?lnﬁr‘faék‘i’“é* F’rtGWar S9¥IEF. After
proper sul fierriom tsi agereospanticet isdes yiptrectiteeid or
15 Bydr opdweaid REpeLd| ¥Bd GigHle a@€idi¥lktdani Bt associated
hydr odeswtfhulsar@&lleoglaaesbe%@%urﬁdm Rnk Lalnllt{aqngﬁama
straight _run ("virgin') gas oil was used as feed
having a f. 63 wt% sulfur content. The test vvas

per for megkaabid.1g¢5 1.1-1.h-1 liquid hourly space

vel oci ty -y t.h; 23 Pfaécﬁ)&%ﬁ%{h Q%ébéﬂngzﬁt%leaséwt%nt The
act 10\” ty | Sngg(ﬁr elsnsedrt pre eatdl re[lteen escrl Exam le
required te gt ice" pPSE 58" t'Reé “aboveé rren T one
feed to 10 tbﬁ?ﬂ/\ﬁ%‘lﬂtf-?ﬂall FRBEAtiehe, PJ’LF@F‘F&? tHe9

per f or manefracigfryaoxddéalvyst iprrepaimgdedoyoftdbhowi nigtania.
Exanpl e fhAsath1RasLpeGasfinté «Rs 1500 dhdg {d@tical

ref er ence, LeALAl uLE A1,25: AGLihL Y. rThese xal ues

are _al so presented in 5. N Notef hat. a Ia{g) 4

abstl ut ePVAPHE"SF ]tsheXpr Sgsae i Ve “fitliber §Seu(j fllrsg Faer

di f f er enéedctiPmAdtarestemsoln the Hes aeprifen in (Table 6).
Note that a higher reaction rate constant indicates a
more active catalyst.

Table 6
20 Refractory oxide, the percentage of titania in the

refractory oxide and the relative temperature required to

reach 10 ppmw sulfur in product

Refractory Titanla content as Pseudo first order
oxide a percentage of the reaction rate
refractory oxide constant
{wt%) k (HDS)
(1.171.n"1.3wt s71)
Silica' 0 19.9
Silica-titania® 70 27.1
Titania® 100 37.2

silica used is SIPERNAT 50
25 2 gilica-titania used is FTS 01 from Haishunde
3  titania used is FCT010925 from Haishunde

Table 6 clearly demonstrates that with increasing

titania content in the refractory oxide, the performance



catal yst conpared to the reference. FromTable 5 it is
clear that with titania powlers 30 having
weongiodssabl y di fferent physical properties, iPCI/BPAI050199
2004/ 073854 PCT/ EP2004/ 050199 - 37 still possible,
to achieve a significant increase in performance. Up
to 17C i nprovenent in activity can be associated to
using various titania sources. Based on the average
particle size of the titania 5 powders enpl oyed, the
hi ghest activity can be associated wth particle
sizes below 10 }mmin the initial titania used.
Exanpl e 10 Conparison of activity with increasing
titania content 10 Fol | owi ng t¥e preparation route

descri bed. i.n Examl e .5,itlgrve . qd'ti onal sanpl es were
pr epar edgfustlgngc %p%ﬂgaéform %)?l(adg‘s gi\}ﬁrt RSTUHRr 389G wate
proporti OHSTHFC VricafrtainedTier Bt &FYRe {Feftlfiurance was

tested updgrid dentical conditions as described in
Exanpl e gl |ﬁ [

. taiped 15 perf nce_is expressed in
terns of "p¥i eﬁcg%%%’% §?2 6r%‘0€F thf elgs{fg? By ¥ %ftgew%%ﬁ%tgaﬁf%
in the HDS r&aet b datinadtiable 8088 g Nater that waidneghan
reacti onnéAate woRStanpoh NdbOALESHa tAPE& LA, Y& 9 o
catalyst o;1kabl @ okl B8] 1 36891 ¥ | dle . L g, Re &Nl age

of tltanl%l the refractory Oxide an . atlve
t enper at Ur'é 546&@? PR " }ﬁe%%%ﬁl%abepﬁﬁ}seal T M¢Gy) - and
product Re¥PateBryriT matdtanedatentods PIeudeers paded.
or dér oxildef ahpetetehtcageinfngt bepbeatt i @ieraided in
ref ract opguaexisden ceBsloalty (M WaikbHDSY 12617 1 dnfdnta OWM
S 1) Si gél%@l&l 1‘95 %t% §annAn9§_Johxt,equl ?%hZch%Zé atuJ;rei %vg‘sni a3
100 37. 2kept at 80°C for 30 minutes, while the pH of the
resulting slurry was §.8 (measured at room temperature
15 for a small test portion).
After 30 minutes the heating was switched off and
the slurry was spray dried. In total, 407.7 g of solid
material were collected. This powder was extruded

directly, after which it was dried and calcined at 300°C.

20 Example 12
NiO/MoO3/W03/Ti0y - 30.2 wt$/19.1 wt%/30.8 wt%/19.9 wt%
In a 5 litre bulb, 3094 g water were heated to 80°C.
Subsequently 84.2 g titania, 240.8 g nickel carbonate (39
wt% Ni), 94.1 g ammonium dimolybdate (81.63 wt% MoO3),

25 143.6 g ammonium metatunsgstate (86.11% WO3) - all added

in powder form - and 122.7 g ammonia solution (25 wt%
ammonia) were added, while maintaining the temperature at
80°C. The pH of the slurry was 8.8.
After 30 minutes the heating was switched off, and
30 the spray drying of the slurry began. The resulting

powder was extruded, dried and calcined at 300°C.



1 silica used is SIPERNAT 50 25 2 silica-titania used
is FTS 01 from Hai shunde 3 titania used is FCT010925
wo ec@aHssshunde Table 6 clearly denonstrates tPE/EREIDS050199

increasing titania content in the refractory oxide,

t he performance WO 2004/ 073854 PCT/ EP2004/ 050199 - 38
of the catalysts is inproved: higher pseudo reaction
rate constant were obtained for the renoval of

sul fur. Exanple 11 N 0/ Mo03/W3/Si02 - 30.2 wt% 19.1
wt % 30.8 Wt %419.9 %5 In a 5 litre autoclave 3088 g
wat er were wei ghed and heated to 80C. Upon reaching
the tenperature, 90.9 g silica (SIPERNAT 50), 240.8 g
ni ckel carbonate (39 W% Ni)3°94.1 g ammoni um

hept anol ébd&_{te §81. 63 W% MOOD, and 143.6 g anmoni um
nmet at un 6.11 % W3) were added. 10 Al of the
met al - cdierrd ey o€ dRforrentEywet éhaddbriyehs ofdwdwrle 11
form Falrbhowmangid he addition of 122.7 g ammoni a

sol ution (ZEGaWa{%mD&sélﬁgoﬂw%}foth& ﬁ%ﬂﬂ%ﬁﬁwe Was

kepg at 89@% fugéer39r1mkg g?sw conéltlcglsétusgn%qcfu%i ran

resultlng enpe?ature

15 for & §h@lp">t asfaiphy trrne)ﬂ)as Aft &t I3 nfifutES Y HE
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col | ect ed. 4 MRLg: ng&@ﬁrew@&p%tgﬂgeﬂoglJogaidlxms af_a;l%tc
lﬁlh it was drie

I e e
vvt -, | nitaels | reqoEdipgl ¥, 2 309  Inat EPeWePECREHEed t o
80C. SubsedqusehirdgywB4pfgridd ani3as’ 24nd@r ¢pSnbaxkel
car bonatgatSyed pant %1NbYassOs, lugranympgdiny s gty beabe

(81.63 wh%MQ3) . Ngéd&flﬁoﬁalgamglémﬁwhgn& tate
(86.11% W3) - all added in powd form- and 122.7 ¢

anmdni a 6 uthiidn P51 h%t’rﬁ%rﬁpéfe WEt 50 &Y Wit e
mai nt ai Nfdiged RetdLAPEnatante.3t1.180G-1TheupH of the
sl ur ry was 8I'h% obtained product sulfur contents corrected to
the target conditions, the pseudo first order reaction
rate constants, and the calculated relative volumetric
20 activity based on the performance of Example 11 is shown
in Table 7.
Table 7
Actual sulfur in product, temperature required for 10
ppmw sulfur in product, and relative volumetric
25 activities of catalysts tested in full range straight run

(“virgin”) gas oil hydrodesulfurization

Example 11 Example 12
Silica titania

Target LHSV (1.171.n"1y 1.75 2.5 1.75 2.5
Sulfur in product (ppmw) 24 341 9 118
Temperature required for 359 408 344 387
10 ppmw sulfur in product
(°c)
Relative Volumetric 100 100 166 182

Activity (%)




After 30 m nutes the heating was switched off, and 30
the spray drying of the slurry began. The resulting
w@owder3ssas extruded, dried and cal cined at 30BCI/ERID04/050199
2004/ 073854 PCT/ EP2004/ 050199 - 39 Exanple 13
Conpari son of HDS activity of the catal ysts of Exanple
11 and Exanple 12 Gas oil HDS testing was perforned
in a nanoflow 5 setup under trickle flow conditions,
using full range ("virgin") straight run gas oil as
feed. The catal ysts was crushed and sieved into a
30-80 nmesh size fraction. After drying, they were
| oaded into the reactors with SIC as diluent to
ensure proper plug flow conditi®ns. Prior 10 to
testing, the al ysts were sulfide ith the feed
itself, accoz?%?trc]gca%;beas%?na%r ar Jldabrlgf—lg’ng':’ey “Bragesuure.
Testi ng WEEPPer? srhetredtloyas dhay derrs55upare Ry drrogety
partial presstiheeshopen lyekly dpojéhorgas 1r.a$ 6. 0f . 13D@padd / kg
feed. Novaddity.omak H2Swasoaddrdwtien the skecycle 15
gas,s Whi k& ebhenkiQuhd poyr ce; veLogl L was
vari ed bget veen ?é 75 atﬁ(pj% égxgﬁgﬁelgh) 1%]8%?1%“80%#\5@
obt ai ned” product . Saf FurF TSRt eRt P EoT T ERE & RTgAuGthgre
target cORAFRIORIIYteepLenddef Hitgriappaeie rdaktaron
rat e consttanity, gandt taperedhsigll atiedc rael atthvepavel unetri c
20 acti vidipchased rars thenperdeasimnge sofnExample k1 is
ShOW" '&iI@in@ar_?i'a JQ: lﬁue7%&q£g@|co§é?l)lsf yiron!anndpr oduct,
tenperature require or 1 ppMw Surturim product,
and rel ative ¥oPufet i c 25 activities of catal ysts
tested imkalypild 1£ange straight run ("virgin") gas oil
hydr odes | | angl 1 l, Lljca .,
T tan A R P L S PR 5?3 d B
Sul fur in priodiets ppatRticn Faamede 17 grom WO 00/41810 was
15 reproduced with the addition of 20 wt% alumina as
refractory oxide after the precipitation was complete.
Solution A: 52.95 g ammonium heptamolybdate (81.62

wt% MoO3) was dissolved in 2400 ml water in a 5 litre

bulb. In addition, 80.8 g ammonium metatungstate (86.11
20 wt% WO3) were added and dissolved in the agueous mixture.
The mixture was then heated to 90°C.
Solution B: 135.5 g nickel carbonate (39 wt% Ni)
were part-dissolved in 600 ml water and heated to 90°C.
Solution B was pumped into solution A over a 10
25 minute period of time with vigorous stirring. The
resulting solution was kept at 90°C with stirring for 20
hours. After this reaction period, 71.5 grams of Versal
Alumina were added to the slurry. 30 minutes after the
addition of the alumina, the ﬁeating was switched off and
30 the slurry was spray-dried. 200.3 g solid material were
collected in total. The powder was turned into the final
shaped product by extrusion, drying, and calcination at
300°cC.



Tenmperature required for 359 408 344 387 10 ppmw
sul fur in product (C) Relative Volunetric 100 100 166
wadm4/ossd vity (%9 WO 2004/ 073854 PCT/ EP2004/ OBOL/BP2004/050199
40 As it can be seen from Table 7, the catal yst of
Exanpl e 12 achi eved | ower than 10 ppnw sul fur in
product under the chosen test condition at 1.75
1.1-1.h-1 space velocity. This was not possible with
the silica 5 containing counterpart (Exanple 11).
Furthernore, the required tenperatures for 10 ppnw
sul fur in product are systematically |lower for the
titania sanple with an activi ty gap of approxinately
15C at both space velocities.*This clearly

dermonstrates, the benefit of 10 using titania with the
appl i ed i on and %J)r eparation route. Exanple 14
Ni O Nbosl)’WE?%ﬁ% Ti0Dg - WM1Y-2 wir9g B0, 9 L9200

W% | n thins1nepapad deanv: tExaRpde £ 7tk 9 MW 00441810
was 15 rgproduced with the addition of 20 wt % al um na

as refract ors%/r] oxj de after the grem itati on was

conpl et e. UETORTRAT8.°85 B Witfiohithok HepRO4AHY bt e
(81.62 ¥R MFEB)aswiis Edipd o] Med thntiR40@ificavdbrerfi n a
5 litre rdpabdingl theasdirbtt@ity SQd8 bg ANWONIHAnia.

met at ungst at &1686nld: 20 Ws%MO3)L IeT=8 . @sdqegm@nﬁm

di ssol ve ueou Xt u

t hen hea}?eggg%oégg%?%g @gr%t P]Bntbq%&%l@? e Gljé’i1 205 m
car Bonat €xte3%ndt Yieni 90 - 8 vie pemqpart m@ltasisud;s\tede i (A6 GO0wtH
wat er anbsheatseadded HAGiissQ0ledt iTBA Bx¥@S PANTRED LD

sol uti ongA.over a 10 25 minute period of time with
vigorous stirring. The _resulting solution was kept at

90C Wi th sti ?Orli-lhlg“f or 120 ° BddFsel Aperatehi Y peRdE ofs
peri od, SEreiqgrand0dfmlVeatsaland Aleghdchao vi@re. added to
t hetssl urry. SQutdcaub 8@s gfulngdd tl&olution A over a 10 minute

period of time with vigorous stirring. The resulting
solution was kept at 90°C while stirring for 20 hrs.
After this reaction period, 47.3 grams of titania was
added to the slurry and mixed thoroughly. 30 minutes

20 later the heating was switched off, and the slurry was
spray dried. In total, 189.0 g of solids were recovered.
The powder was turned into the final shaped product by

compaction, drying and calcination at 300°C.

Example 16
25 Comparison HDS performance of the catalysts of Example 14

and Example 15
Gas o1l HDS testing was performed in a nanoflow

setup under trickle flow conditions, using full range
(“*virgin”) straight run gas oil as feed. The catalysts

30 were crushed and sieved into a 30~80 mesh size fraction.
After drying, they were loaded into the reactors with SiC
as diluent to ensure proper plug flow conditions. Prior
to testing, the catalysts were sulfided with the feed

itself, according to a standard refinery procedure.



addition of the alumna, the heating was sw tched off
and 30 the slurry was spray-dried. 200.3 g solid
woragoaovmb4 were col lected in total. The powder PGEEP2004/050199
turned into the final shaped product by extrusion,
drying, and calcination at 300C. WD 2004/ 073854
PCT/ EP2004/ 050199 - 41 Exanple 15 Ni O M)03/ W3/ Ti 03 -
29.9 W 9% 19.2 W% 30.9 wt./20.0 wt % Exanple 14
repeated with use of titania instead of alumna 5 In
this preparation, Exanple 7 from W 00/41810 was
reproduced as in Exanple 14 with the nodification of
replacing the refractory oxide by 20 wt% titania.
Solution A: inab5litre buI b 4?;2‘.95 g anmoni um
hept anol ybdaj e t§81 62 vvt was di ssol ved in 2400
mM 10 water and tNh&n °§ nPAn P ECETUREE AL e
(86. 11 WHHFNS) %aé‘d%‘dél%‘dﬂa?ﬁftm%gmdvéwn ThelOnjagt ur e
was heat Bdirpgen BOEsuiSokved iedsp Beashd&d.5Tige niglkial hourly

car bonat gac38%enbIotN JLEARS wa$|sWE rdeed, 7|5nfc§090ﬁ111 ssw%ﬁrand
and Sheat ?(gbgu_o C%Q&tlg“r% Sﬂ'leurfée%nco%tandledpy rgpwt su]tf]}]lr

solution A over a

vi gorous stit¥r n‘bataﬂféhrsé%@fmt ﬁﬁd’r"%‘%ﬂtut‘ihﬁn’ce\ﬁﬁgr%éﬁ% at
90C whi | REFsr Fhgreenss 2hehfesd topfl§ epmy Fusfurealdtei on
peri od, H#seudo ghadrs oodert tda@nicn was caddadsi antihghes! urry

and m Xe%lﬁhﬁfeob@mhy’crlg%ﬁhﬂ%&%sgg ohafr réaﬂ:@ut})eggﬁeng

Was,SW t ff, and the Lry was spray dried
total, J&%‘ganq ot °s®1' i ds V\gare réécovered The povvder

was tur ned into the final shmpedsproduct by
conpact i onSuﬁeruylﬂgpmc@alt@Mé@uﬁe @QuﬁQQQorE%@ he 16

Bxampl 6 T S Reani S5 feelh 1 FpEB L Fora goce

per f or neﬁorﬁsﬁal’&snad\‘?oﬁé‘wv &‘i’llhlﬁe‘iﬁjrae%‘:tﬂllt&ﬁ’f é’ff TRy SES
condi t i oA8,Pragssegnd dhll rarggestraight run (‘virgin’) gas oil

Example 14 Example 15
Alumina titania

Hydrogen partial pressure 55 40 55 40
{bar)
Sulfur in product (ppmw) 37 48 5 13
Temperature required for 340 354 310 334
10 ppmw sulfur in product
(°c)
KHDS (1.171 . h1 2wt 571y 55.1 47.6 158.0 93.5
Relative Volumetric 100 100 287 197

Activity (%)

It is clear from Table 8 that the use of titania in
the catalyst composition has significantly improved the
activity. The sulfur remaining in the product was lower
at both pressures applied for hydrotreating. The

20 temperatures required to process the feed to 10 ppmw
sulfur product content is 30°C lower at 55 bar hydrogen
pressure for the titania-containing catalyst, and this
advantage is only diminished to a 20°C at 40 bar. When
translated into relative volumetric activities, the

25 titania counterpart is approximately twice as active as



("virgin") straight run gas oil as feed. The catal ysts
30 were crushed and sieved into a 30-80 nesh size

wo e@a7ssd  After drying, they were | oaded i nt BCT/BB2004/050199
reactors with SiC as diluent to ensure proper plug
flow conditions. Prior to testing, the catal ysts were
sulfided with the feed itself, according to a
standard refinery procedure. WO 2004/ 073854
PCT/ EP2004/ 050199 - 42 Testing was perfornmed at 55
bar hydrogen partial pressure. An additional testing
condition at 40 bar hydrogen pressure was al so
nmeasured. The liquid hourly space velocity (LHSV) was
set to 1.75 for both 55 bar aktd-5 40 bar conditions.
The feed contained 1.6 vvt%sulfltjr. Test data with
sul fur ithe pradidet verehe! eede?dt it &P2hedli FaEFS §° T°°
process tihes feedtit 40 Spprmn SUPf¥FR) WEcosgseardéay | r st
order reasiduebs.rate constants, and the relative
volunetric activity based on the reaction rate 10
constants are given in Table 8. Table 8 Sulfur in
product, tenperature required for 10 ppmw product
sul fur content, pseudo first order reaction rate
constants and relative volunetric activities of
catal ysts 15 in processing full range straight run
("virgin') gas oil Exanple 14 Exanple 15 Al um na
titania Hydrogen partial pressure 55 40 55 40 (bar)
Sul fur in product (ppmnv) 37 48 5 13 Tenperature
required for 340 354 310 334 10 ppnw sul fur in
product (C) KkHDS (1.1-1.h-1.%w S-1) 55.1 47.6 158.0
93.5 Relative Volunetric 100 100 287 197 Activity
(%9 It is clear from Table 8 that the use of titania
in



the catal yst conposition has significantly inproved
the activity. The sulfur remaining in the product was
wO owe073884 bot h pressures applied for hydrotreBtT/REB2004/050199
The 20 tenperatures required to process the feed to 10
ppnmw sul fur product content is 30C | ower at 55 bar
hydrogen pressure for the titania-containing
catalyst, and this advantage is only dimnished to a
20C at 40 bar. When translated into relative
volunetric activities, the 25 titania counterpart is
approximately twi ce as active as WO 2004/ 073854
PCT/ EP2004/ 050199 - 43 the alumna version at 40 bar
(4 Mpa), and close to three ti4es as active at 55 bar
(5.5 Mpa) hydrogen partial pressures. WO 2004/ 073854
PCT/ EP2004/ 050199 - 44 C L Axl; M S 1. An unsupported
catal yst conposition which COnpriS€s one or nore
Goup VIb netals, one or nore Goup VIII netals, and
a refractéry oxiweupretresd edtaiddtC Bor@oBEPIios fhictd QoMb Yeed
nore titabhd,orOfbreXddep Rasiktat, Zonecéi’ %¥§tGroup VIII

conposi ti cl_al in.claim,1
np gg&é&% Jng Jn%gfraFtOﬁX oxxde mgerlaﬁ &klc

refractory oXi de nat he rg GaPTGfes
from 70 t3°106 < 9619 tihsrke. 8“ %é@ealb?%]ts conposi tion as
cl & med i A-cl &¥Al2st whemoeiriontdveclameAGhoripinXi, deherein

mat eri al epaeEsRSciN okide fABgER10fompickl MRS LRyl 09

W % titanica,n 4o tgag@ ysd tg&q@g& tion as clainmed in any
one of cI ai rrgatal rein the refractor% oxi de

material -conpfiess cﬂm‘ioﬁétﬁpﬁnaggecbﬁ‘m?? dth 3B 270vRfEeA™
of the tof8f rSEEEPYsPEIdGMARTIGRi eREPHEESPSIn 1Be Bange of
Callal yst comp@Sitoi 19 as? ¢chtwnhed in claim4, wherein

the refraator ya@xisshe cBRIcBEH:3h £LOBPY:hS€Sni £hyt b& wange
of from 15 £Q 28 W %nlLef €hably, 20, % 2f LLhe; total

cat al yst.
comprises in the range of from 5 to 70 wt% of the total

catalyst, on an oxide basis.

15 5. Catalyst composition as claimed in claim 4, wherein
the refractory oxide material comprises in the range of
from 15 to 25 wt%, preferably 20 wt%, of the total
catalyst.

6. Catalyst composition as claimed in any one of

20 claims 1 to 5, wherein the Group VIb metal component is
selected from nickel, cobalt, and mixtures thereof, and
the Group VIII metal component is selected from
molybdenum, tungsten and mixtures thereof.

7. Process for the preparation of a catalyst

25 composition as claimed in claim 1, wherein one or more
Group VIb metal compounds are combined with one or more
Group VIII metal compounds, and with a titania-
containing refractory oxide material, in the presence of
a protic liquid and optionally an alkali compound; and

30 the catalyst composition is recovered following

precipitation.



6. Catal yst conposition as clainmed in any one of 20
clains 1 to 5 wherein the Goup VIb netal conponent
w0 2004med88ct ed from ni ckel, cobalt, and m xt ur eBCT/EP2004/050199
thereof, and the Goup VIII netal conponent is
sel ected from nolybdenum tungsten and m xtures
thereof. 7. Process for the preparation of a catalyst
25 conposition as clainmed in claim1, wherein one or
nore Goup VIb netal conpounds are conbi ned with one
or nore Goup VIII nmetal conpounds, and with a
titania- containing refractory oxide material, in the
presence of a protic liquid and optionally an al kal i
conmpound; and 30 the catal yst tonposition is recovered
foll owi n preci pitation. WO 2004/ 073854
PCT/ EP208/ OBEESE" 25 dainieg Thedeilsd: oL Al Hededss one
cl ai m 7, otéer eisiahtcoreysds dpevarpfy thesolet atateoapounds
I s partl yadtnysiol dikssiaiestane. partly in di ssol ved

state. 99. BO68SSaAS1 Lk TR1ialn G, AN, c MBEGH
COIT'%I‘I segealSC heat | pe%ursdr%r ecursor composi ti.on which is

in the formof, > recoverad from T8 12 ey form of

opt i onal P¥ léf’feé’rov%rﬁpn@mﬁt 2 HlYrEfn OPEIWRELY AT YeReA T AR GE
of from 20-erpegBurkedn Ghe orange offi friomAn bf 950day nUtcesy
sai d sl unryimbeiotgrobimiteged by (co) preci pi tati ng, at a

10 suffi gal%ngldﬂrme%@ chEIIRES %Wc% (R R e I &, &, oup

VI b or ound s one

0 ne
or m)r engr eflr Ll ntt tlme and temﬁa:iatflr gne gﬁdnogg %FR%WFb
corrpoundconipﬁu“adsrp?rt?t ?JE: mPJFquF?PP YLTGI PIEEWS'S, psecranersd
i n any onefreftalyarwige Materifls, i%Hd wherl@bhi thechnd,am: &
used haspstpartioGlie di ameter of 10 nicrons or |ess.

11. Pr OC§§S @rc'ocggzglagetg.ak&dam agp é@f &Ct 5 t 7 tgcb 10

V\,he{eln ahlren ounds are a e protic
liquid a8 S6M &g % U8 g s p§§t3ﬂlﬁlq’féﬁeﬁeﬁ Any° one
of cl ai nBiFop® Oflless

11. Process as claimed in any one of claims 7 to 10,

wherein all metal compounds are added to the protic

liquid as solids.

20 12. Process as claimed in any one of claims 7 to 11,
wherein the catalyst composition is recovered by spray-
drying.

13. Process as claimed in any one of claims 7 to 12,
wherein alkali compound is present and is ammonia or a

25 component that will generate ammonium ions in the protic
liquid used.

14. A process as claimed in any one of claims 7 to 13,
wherein the prepared catalyst composition is further
subjected to any one or more of the following process

30 steps carried out in any appropriate order: cooling;
optionally isclating; drying; shaping, preferably by
extrusion using no extrusion aids; calcining; sulphiding.
15. Use of a composition as claimed in any one of claims

1 to &, or as prepared from a process as claimed in any



wherein the catal yst conposition is recovered by
spray- drying. 13. Process as clained in any one of
w@b@unes¥sto 12, wherein al kali conpound i s pPEFEPL004/050199
and is ammonia or a 25 conponent that will generate
ammoniumions in the protic liquid used. 14. A
process as clained in any one of clains 7 to 13,
wherein the prepared catal yst conposition is further
subjected to any one or nore of the follow ng process
30 steps carried out in any appropriate order:
cooling; optionally isolating; drying; shaping,
preferably by extrusion using no extrusion aids;
cal ci ni ng; sul phiding. 15. tb% of a conposition as
claimed in any one of clains or as prepared
froma prcessavtsel donk F??pﬁﬁfnﬁ?\ﬁ‘%éﬁih&fjoai%%??ssa” ’
PCT/ EP2004 /8% Gy99proce4gingone aohydebedniren Zebdstbdk. shaped
and sul fided as necessary, in the hydroprocessing of
a hydrocarbon feedstock.



