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CATALYST, USE THEREOF AND PROCESS FOR PREPARATION THEREOF

The present invention relates to catalysts containing as the
catalYtically'active metals one or more metals from Group VIII of
the Periodic Table of Elements and chromium, to the use of these
catalysts in processes involving the contacting of a hydrocarbon
feedstock with hydrogen, and to a process for preparing these
catalysts.

In U.S. patent specification'No. 3,491,019 a cataiyst has been
disclosed for use in the selective hydrogenation of refractory
polynuclear aromatic hydrocarbons present in a light cycle oil into
moncaromatic hydtocarbons, i.e. hydrocarbons wherein the only
unsaturation is in a single berizene nucleus. The catalyst comprises
a motal of Group VI-B, preferably tungsten, and a metal of Group
VIII, preferably nickel, depogited on a silica-alumina composite
comprising 35 to 65% by weight of silica.

In U.S. patent specification No. 4,469,590 a.process for
hydrogenating aromatic hydrocarbons is disclosed, wherein said
aromatic hydrocarbons are contacted at hydrogenation conditions with
a certain Cafolyst in_éhe presence of hydrogen and in the absence of
an inorganic sulphur compound, particularly hydrogen sulphide. The

catalyst employed comprises (i) a metal of Group VIII, preferébly

"palladium, and (ii) a steamed suppo;t comprising a transition metal

oxide selected from thngsten oxide, niobium oxide and mixtures
thereof, composited with a non-zeolitic inorganio oxide, preferably
alumina. The steamed support may additionally comprise a metal oxide
selected from tantalum oxide, hafnium oxide, chromium oxide,
titaniuﬁ oxide, zirconium oxide and mixtures thereof.

' The present invention aims to provide catalysts showing

improved hydrogenétioﬁ'activity when used in a process wherein

'hydrocarbons comprising aromatic compounds are contacted with the

catalyst at elevated temperature and pressure in the presence of

hydrogen, more specifically when used in hydrotreating of
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hydrocarbon fractiéns containing aromatic compounds and compounds
containing sulphur%and/or nitrogen. At the moment, such hydrocarbon
fractions are usua@ly subjec;ed to a two-stage process in order to
reduce the amount 4f aromatic compounds. In such two-stage process

the hydrocarbon fréction is subjected to a'first stage in which

. mainly the amount of sulphur and/or nitrogen containing compounds

present in the fraction is b:odght,down, and subsequently to a
second stage in which mainly the_amount of aromatic_compounds is

reduced. Such two-stage process is necessary, as conventional

catalysts for'reducing the aromatics content show poor hydrogenation
activity, particula&ly for the saturation of monocaromatics, in the
presence of substantlal amounts of sulphur and/or nitrogen
containing compounds. _

It is an object of the present invention to provide catalysts
haylng an excellent:hydrogenatlon activity towards aromatics, even
in the presencé_of ?ubstantial amounts of sulphur and/or nitrogen
cohtaining compound#, The present invention also aims to provide
catalysts which areiparticularly effective in hydrogenating
monoaromatics_besid% di- and polyaromatics. It is a furthcr object
of the present invoﬁtion that these catalysts also have a good

desulphurization an@(or denitrogenation activity, so that beside the

‘amount of aromatic ¢ompounds, also the amount of sulphur and/or

nitrogen containingico@pounds can be substantially reduced in a
single.stage oroces$ or in the conventionally appliod two-stage
process, depending on the requirements as to sulphur and nitrogen
contents of the proéuc;.

Accordingly, t he present invention in a first aspect relates to
a catalyst comprlsxng a refractory oxide carrier and as
catalytically actlve metals between 2 and 15% by weight of at least

one Group VIII-meta% and between 5 and 40% by weight of chromium,

“ said weight percentéges indicating the amount of metal based on the

total weight of ca:rier, whereby chromium is present as an oxide
and/or as a sulphlde.

Chromium may be present in the catalyst according to the

present invention as chromium oxide, as chromium sulphide or as a

7
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combination of these. As will be discussed in detail hereinafter, a
suitable preparation method used to prepare the present catalyst
results in substantially all chromium initially being presént as
chromium oxide after the last drying/calcination step. If this
catalyst is, however, contacted with.a sulphur-contaiﬁing feed than
at least a part of the chromium oxide will ﬁsually be sulphided and
hence converted into chromium sulphide (“ih situ" sulphidationj.
Very good catalyst performance has been observed iﬁ this situation
and therefore it is considered a preferred embodiment of the present
invention to have chromium at least partly present in the catalyst
as. chromium sulphide. Accordingly, the catalyst may also be
subjected to a separate presulphiding treatment prior to being
contacted with the feed. The degree of sulphidation of chromium
oxide can be controlled by relevant parameters such as température
and partial pressures of hydrogen, hydrogen sulphide, water and/or
oxygen. Suitably, there is formed an equilibrium state between

chromium oxide on the one hand* and chromium sulphide on the other

hand, so that both are present in the éatalyst.

As will be discussed in more detail below, the catalyst
according to the present invention is especially advantageous for
use in the hydrotreatment of gas'oils and cracked cycle oils. Both
these oils usually contain a relatively large amount of both
aromatic compounds and.sulphur and/or'nitrogen containing compounds.
The amounts of these compounds present in the gas o0il or cracked
cycle oil must usually be reduced in view of environmental
regulations. Aromatic compounds reduction may also be desirable for
reaching certain technical quality specifications, such as cetane
number in the case of automotivelgas oils, smoke point in the case
of jet fuels and colour and stability in the case of lub oil
fractions. When using the catalyst according to the present

“invention in the hydrotreatment of gas oils and cracked cycle oils,
the required reduction can be attained in a single stage, so that
for instance the requirements for automotive gas oils c¢an be met. It .
has been fouhd that the catalysts of the present invention are

especially active in reducing the amount of mono-aromatics in the
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final product, eveP in the presence of substantial amounts of
sulphur conta;nlng‘compounds, such as hydrogen sulphzde, and
nitrogen containlng compounds.

The catalyst accordlng to the present invention comprises as
catalytically actzve metals between 2 and 15% by weight of at least
one Group VIII-metal and between 5 and 40% by weight of chromium. It
has been found thaF if lower amounts of catalytically active metals
are applied, the a?:xvlty of the catalyst becomes too low to be
commercially attractive. If, on the other hand, the amount of
catalytically acti%e metals is higher than the upper limits
indicated, the fur#her increase in catalytic activity does not
warrant the costsléf the extra amount of metal. This applies in
particular for the%Group VIII—metal(s).,Good results can be obtained
with catalysts comérising between 2.5 and 12% by weight of at least
one Group VIII—met%l and between 8 and 35% by weight of chromium.
Preferaﬁly, betwee4_3.and 10% by weight of at least one Group VIII-
metal and between_ﬁo and 30% by weight of chromium is present in the
catalyst. Of the G%bup VIII-metals, i.e. nickel, platinum and

" palladium, it is péeferred to use nickel and/or palladium.

It has been fo%nd that not only the amount of each of the
catalytically actiJe metals influences the activity of the catalyst,
but also the molar ratlo of Group VIII-metal(s) to chromium. Molar
ratlos of Group VIII-metal(s) to chromium which have been found to
give very good hydrpgenatlon activity are between 0.10 and 1.20,
preferably between blls and 1.10. Especially good results have been
obtained wlth a cat%lyst having a ratio of between 0.20 and 0.50.

The catalyst aécozding to the present invention comprises at
least one Group VII& metal, i.e. nickel, platinum and/or palladium,
on the one hand and chromlum on the other hand as the catalytically
active metals. of all combinations of metals possible, catalysts

-comprising palladlum and chromium as the catalytically active metals
are preferred. As already discussed above, chromium is present as an
oxide and/or as a.salphide. The Group VIII metal may be present in

elemental, oxidic or sulphidic form. For the purpose of the present
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invention, however, the. Group VIII metal is, similar to chromium,
suitably present as an oxide and/or as a sulphide.

In general, a carrier may influence the activity of a catalyst.

For the purpose of the present invention, refractory oxide carriers,

such as zeolites, alumina, amorphous silica-alumina, fluorinated
alumina or mixtures of two or more of these, can suitably be used.
Other suitable refractory oxide carriers include silicoaluminoc-
phosphates and clay, either alone or in combination of one.or“more
of the before-mentioned carriers. Preferred refractory oxide
carriers are zeolites with alumina aﬁd{or silica as a binder. Of
these, zeolite Y with alumina as the binder is particularly
preferred.

The catalysts according to the present invention will have a
surface area which is such that it gives the catalyst a suffiéiently
high activity. Typically, the surface area of the catalyst will bé
at least 80 mz(g, measure according to the BET nitrogen adsorption
'methodf_Preferably, the surface area of the catalyst is at least
120 m2/g.

The catalysts accoraing to the present invention can be applied
in a large number of processes for converting hydrocarbon feedstocks
comprising aromatic compounds in the presence of hydrogen.
Accordingly, the present invention also relates to the use of the
catalysts described above in processes wherein a hydrocarbon
feedstock comprising aromatic compounds is contacted with the
catalyst at elevated temperature and pressure in the presence of

hydrogen. Since the present catalysts are active not only in

. hydrogenating aromatic compounds, but also in removing sulphur

and/or nitrogen compounds, hydrocarbon feedstocks comprising sulphur
and/or nitrogen containing compounds in addition.to the aromatic
éompounds are particularly suitable. Specific examples of processes
'wherein_the catalyst of the present invention can be suitably’
applied are hydrocracking, lub oil hydroisomerization, lub oil
production from flashed distillates and deasphalted oils and

hydrotreating.
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If the cataly;t is to be applied in a hydrocracking process,
the carrier will uéually comprise &“zeolite with silica and/or
alumina as a bindek.'A carrier which is preferably used comprises .

zeolite Y and alumhna. A hydrocracking process typically comprises

‘contacting a hydro?arbon.feeds%ick boiling between 100 and 500 °cC,

with a suitable ca?alyst at a temperature of between 300 and 500 °C
and a pressure of ﬁetween 50 and 150 bar in the presence of |
hydrogen. | _

In lub oil hydroisomerization,'Sulphur and/or nitrogen -
containing,contaﬁiéants are removed from a lub oil feedstock,
afomatic compounds;are hydrogenated and straight chéin or slightly
branched hydroca:béns are isomerized into further branched

the catalyst accoréing to the present invention will preferably

" comprise a carrier icomprising alumina, .silic¢a/alumina, silico-

aluminophosphate oé zeolite with silica and/or alumina as binder. A
zeolite which typiéally can be used consists of silica and alumina
and further a small amount-of boron. An example of a suitable
silicoaluminophospﬁate is SAPO-11-as described by Union Carbide or
SM-3 as described ﬁy_Chevron. A lub oil-brbcess typically comprises"
contacting a lub oﬁl feedstock at a temperature of between 200 and
450 °C.and a pressdre up to 100 bar with a suitable catalyst in the
presence of " hydrogen. ) LT

In order to convert flashed dzst;llates and deasphalted oils
into lubricating o;ls, their viscosity indices must be significantly
improved. One way of achieving such improvement in viscosit§ imdex
is hydrotreating the flashed distillates and deasphalted oils using
a multifunctional h&drotreatment catalyst. Such catalyst should
hydrogenate polycyclic aromatic—:ihg systems, it should exhibit a
certain ring-opening'and isomerization activity and it should havé—a'.
high selectivity for removing hetercatoms (N, S) present in the
feed. Since the preéent.ca&élyst fulfils all'these_requirements, it
may be very well suited for producing and upgrading lubricating

oils.

This Sheet Has Been Re laced
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The catalyst according the present inventioh has been found to
be particulafly suitable for use in a hydrotreating process carried
out at a temperature in the range of from 200 to 400 °C, preferably
between 210 and 350 °C, and a total pressure in the range of from 20

to 200 bar, preferably between 25 and 100 bar. Examples of suitable

.hydrotzeatment processes are described in European patent

specifications Nos. 0,553,920 and 0,611,816. Especially good results
have been.found when a gas oil, a cracked cycle oil or a mixture
thereof is used as the hydrocarbon feedstock for the hydrotreating
§rocess. Both gas oil and cracked cycle oil comprise at least 70% by
weight of hydrocarbons boiling between 150 and 450 °C, more
specifically between 200 and 450 °C; Particularly cracked cycle oils
usually contain high amounts of sulphur and nitrogen containing
compounds. The present catalyst is especially useful in |
hydrotreating straight run gas oil, light gas oil, light cycle oils
and mixtures of two or more of these. With the expression "straight
run gas oil" is meant a gas oil which has nét yet been subjected to

another conversion process. Typical light gas oils and light cycle

" oils comprises at least 80% by weight of hydrocarbons boiling

between 150 and 450 °C. It has been found that in such process
catalysts comprising a carrier containing amorphous silica-alumina,
zeolite or fluorinated alumina exhibit good hydrogenation activity,
whereby a carrier'cont;ining zeolite Y and alumina as the binder
shows particularly good hydrogenation activity. The present catalyst
is particularly effective in hydrogenating mono-aromatics, even in
the presence of sulphur containing compounds, such as hydrogen
sulphide, and nitrogen containing compounds.

The present catalyst has good hydrodesulphurisation (HDS) and
hYdrodenitrogenation (HDN) activity. However, if the products aimed
at should contain only very low amounts of sulphur and/or nitrogen,
it may be advantageous to use a dedicated HDS- and/or HDN-catalyst

as a first stage catalyst and the present catalyst as the second

' stage catalyst, conveniently in a stacked bed configuration with the

HDS-/HDN-catalyst on top of the present catalyst. Such dedicated

HDS-/HDN-catalysts are well known in the art and usually comprise at

e
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least one Group VIiI_metal_component and/or -at least one Group VI B
metal component_onia refractory oxide support, such as silica,
alumina, silica-alémina, zeolites or mixtures-théreof. Examples are
catalysts COmprisiqg nickel and/or cobalt as the Group VIII metal
and molybdenum andéor tungsten as the group VI B metal, su;tably on
an alumina or amoréhous_silica-alumina support..Suitable dedicated
HDS- and/or HDN-caéalysts are for instance disclosed in British
patent specificati%n No. 2,073,770 and European patent
specifications Nosé 0,183,283 and 0,203,228. The conditions under
which the HDS and/ér HDN takes place are also well known in the art
and are similar toithose applied_when using the instant catalyst,
i.e. conventional ﬁydrotreating conditions., |
.The catalyst c;mposition wherein the chromium sulphide
precursor, suitablj chromium oxide, has not yet been partly or
totally sulphided, hlso forms an aspect of the present invention.
The present in&ention also relates to a-pfocess for preparing
the catalysts descrﬁbed above,* which process comprises |
incorporating the cétalytically active metals into the refractory
oxide carrier,-suit;bly by means of impregnation or ion-exchange
techniques, followea by drying and calcining. In order to obtain
" catalysts having a éarticularly good catalytic activity, this
process can be.carried out by the subsequent stepS'of: |
{(a) impregnating tﬁe fefractory oxide carrier with a solution
containing a chromiﬁm compound
(b) further impregﬁating the carrier with a solution containing at
least one Group VIIi-metal compound, and ‘
(c) drying and caleining the thus impregnated carrier at a
temperature in the #ange of from 250 to 400 °C. In a further
'..preferred embodiment, the impregnated carrier is dried and calcined
at a temperature in.the range of from 300 to'650 °c, préferably 350
“to 550 °C, after stép {a) and prior to step (b).
A preferred method of impregnating the carrier is'the so-called
pore volume impregnétion, which involves the treatment of a carrier
with a volume of imﬁregnating solution, whereby said volume of.

impregnating solution is substantially equal to the pore volume of
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the carrier. In this way, fuil use is made of fhe impregnating
solution. For the purpose of the present invention this impregnation
method has been found to be particularly suitable as the resulting
catalysts show a particularly good performance.

Metal compounds which can be uséd fér preﬁaring the catalysts
according to the present invéntion, are well known in the art.
Typical chromium compounds include chromium(III) nitrate and
chromium(III) acetate. The nickel compounds which may be used
include nickel nitrate and nickel chloride. Typical palladium
compounds for use in impregnating solutions are H2PdCl4, palladium
nitrate, palladium(II) chloride and its amine complex. The use of
H2PdCl4 is preferred. Typical platinum compounds for use in an

impregnating solution are hexachloroplatinic acid, optionally in the

-presence of hydrochloric acid, platinum amine hydroxide and the

appropriate platinum amine complexes.

If fluorinated alumina is used as the carriér, the problem of
crystallisation of metal oxides' during the impregnation of
fluorinated alumina with the appropriate metal salts is prone to
occur. A preparation process wherein this problem can be avoided
comprisés the subsequent steps of:

(a) impregnating a refractory oxide carrier comprising alumina with
a solution containing a chromium compound,

(a') drying and calciniﬂg the impregnated carrier at a temperature
in the range of from 350 to 550 °C

(a") fluorinating the calcined carrier and drying and calcining the
fluorinated carrier at a temperature of betwegn 300 and 500 °c,

(b) further impregnating the fluorinated carrier with a solution
containing at least one Group VIII metal compound, and

(c) drying and calcining the thus impregnated carrier at a
temperature in the range of from 250 to 400 °C,

;hegeby each calcination is carried out at a lower temperature than
the preceding calcination.

It is common practice in catalyst preparation, to subject the
catalysts in the final step to calcination in air, whereby the

metals are brought in the form of their oxides. To convert the
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chromium oxide at ieast-partially into its sulphide, the catalyst
can be presulphideé prior to contact with the feedstock. Suitable
presulphiding methéds.are known in the art, such as for instance
from European pate&t.application No. 0,181,254, In a preferred
embodiment of the éresent invention the processes for §reparing the
catalyst as descriﬁed above comprises an additional presulphiding
step (d) after steﬁ (c), i.e. after the last drying ‘and calcining
step. E -

A typical method for presulphiding the catalyst of the present
invention would comprlse contacting the catalyst with a sulphldlng

agent, such as for instance a hydrocarbon oil containing a

substantial amount of sulphur-containing compounds, at a temperature

which is gradually increased from ambient temperature to a temper-
ature of between 15? and 250 °C. The catalyst is to be maintained at
this temperature fo} between 10 and 20 hours. Subsequently, the
temperature is to be raised gradually to the operatlng temperature.
In many cases, however, a ‘separate presulphldlng treatment
could be dispensed ylth. In most cases, namely, the hydrocarbon
feedstock contains éubstantial amounts of sulphur-containing

compounds, so that the chromium (oxide) is at least partially

~converted into its éulphide'during contact with the said hydrocarbon

feedstock at proceSé coriditions. Typically presulphiding can be
dispensed with, if the.hydrocarbon feedstock comprises at least 0.5%
by weight of sulphur containing compounds, said weight percentage
indicating the amouﬁt of elemental sulphur relative to the total
amount of feedstock. It will be understood that this may be

advantageous from aﬂ economic perspective, as-a separate

‘presulphiding step ﬁould take up time during which the reactor

cannot be operated.

The catalyst accordlng to the present invention will usually

‘slowly deactivate durlng use in a hydrocarbon convérsion process. If

the activity of theécatalyst becomes too low, the'catalyst can be
regenerated, Suitable methods for regeneration of catalysts are
known in the art. InéSome cases, however, the éatalyst will not be

regenerated. In those cases, the catalytically active metals will
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usually be recovered before disposal of the catalyst. Recovery of
these metals can be achieved via known methods. A typical méthod for
recovery of the catalytically active metals from spent catalyst
comprises removing the deactivated catalyst from the reactor,
washing the catalyst to remove the hydrocarbons, burning off the
coke and subsequently recovering the platinum and/or'palladium, the
chromium and, if present, the nickel and/or cobalt compounds.

The invention is illustrated By the following examples.
Example 1 |

As the refractory oxide carrier a binder consisting of 80% by
weight dealuminated zeolite Y (faujasite) and 20% by weight of an
alumina binder was used. This carrier was impregnated with an

aqueous Cr(NO3)3.9H,0 solution to reach 20% by weight Cr,03

'(cérresponding with 14% by weight of Cr). The partially prepared

catalyst was ;hen dried and calcined for 2 hours at 400 °C, after
which impregnation_ﬁith an aqueous solutiqn of HyPdCl, took place to
reach a PdO content 6f 5% by Wweight (corresponding with 4.3% by
weight of Pd). Finally, the completed catalyst was dried and
calcined for 2 hours at 350 -°C in air.

The cataiyst was subsequently presulphided according to the
method disclosed in European patent application No.l0,181,254. This
method involved impregnation with di-tertiary nonyl polysulphide
diluted in n-heptane,-followed by drying for 2 hours at 150 °C under
nitfogen at atmospheric pressure. '

Hereafter the reactor was loaded with 20 cm3 of presulphided
catalyst mixed with 80 cm® of silicon carbide particles having a
diameter of 0.2 mm.

Activation of the catalyst then tock place as follows. The
reactor was brought on a total pressure of 100 bar with the help of

hydrogen at a gas rate of 1000 Nl/kg. The temperature was raised

from ambient temperature to 250 °C in 2 hours, followed by the

introduction of feed and increase of the temperature from 250 to
310 °C at a_rafe of ‘10 °C/hr. The temperature of 310 °C was

méintained for B0 hours.

This Sheet Has Been R
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Subsequently-ﬁhe experiment was carried out at a total préssure
of 100'bar, a gas ;ate of 1000 Nl/kg, a Weight Hourly Space Velocity
(WHSV) of 1 kg/l.hi and. a reactor temperature which was varied from
310 to 410 °c. ’

The feed used%was_a light cycle oil having the characteristics

given in Table I.

TABLE I Compositipn light cycle oil

Initial boiling point 141 °C | elemental sulphur 3.1% by weight

Boiling point @ .| elemental nltrogen 0.070% by
distribution: é : weight '
10% by weight 2£9
50% by weight 290 °
90% by weight 377 °
‘Final boiling poinﬂ 431 °C

monoaromatics. 114 mmol/100 g feed

diaromatics 144 mmol/100 g feed

a a0

polyaromatics 66 mmol/100 g feed

L]

The hydrodenltrogenatzon act1v1ty, hydrodesulphurization :

. activity and the monoaromatlcs hydrogenation act1v1ty as a functzon
of the temperature Ln the operating temperature range are given in
Table II. They are éxpressed in N-content, S-content and mono-
aromatics(MA)-conte#t ?h the .feed, respectively. .

The reason for%the MA-content at some temperatures being higher
than the initial MA;content of 114 mmol/100 g, is that during the
hydrogenation reaction, polyaromatics a;e'conVerted into
monoaromatics. The ﬁydrdgenation of an aromatic ring of a
polyaromatic molecule, namely, is in general kinetically more
favourable than the?hydrogenation of‘monoarbmatic molecules. The

- hydrogenation of poiyaromatics even creates mondaromatics at
relatively low températures. Accordingly, the MA-content initiélly

‘increases at hydrogeénation conditiorns and only lateron'starts to

decrease again. Theifinal MA-content, therefore; can be higher as
the initial MA-content. This is also illustrated by Example 2 below.

From Table II it is:anyway clear that the Pd-Cr catalyst has good

‘hydrodesulphurization and hydrodenitrogenation activity (98.7%

_,__—_————————"“"”"'_’_
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reduction in S and 99.8% rgduction in N at 390 °C) and excellent

monoaromatics hydrogenation activity.

TABLE II Catalyst performance

Temperature S-content N-content MA-content
{mg/kg) (mg/kg) (mmol/100 g)

310 °c 18200 477 208 '
330 °c 12900 296 193

350 °c 6500 118 129

370 °c 2000 _ 21 87

390 °c 414 1.7 85

410 °C 310 <1 . 171
Example 2

The same catalyst as used in Example 1 was presulphided and
5. loaded in the reactor in the same way as described in Example 1.
Activation was carried out under the same conditions except that the
reactor was brought on a total pressure of 50 bar with the help of
hydrogen at a gas rate of 500 N1/kg. |
Experiments were carried out at 50 bar, a gas rate of
10 500 Nl/kg, a WHSV of 1_kg/l.hr and a reactor temperature which was
varied from 310 to 390 °C. |
The feed used was a 70/30 (volume-based) blend of Arabian
straight run light gas oil and light'cycle'oil. The feed properties

are listed in Table III. Polyaromatics include aromatics having

15 three or more aromatic rings.
TABLE ‘III Feed properties
elemental sulphur : 13000 mg/kg
elemental nitrogen: 228 mg/kg
monoaromatics : 77.3 mmol/100 g
diaromatics : 55.3 mmol/100 g
polyaromatics : 20.4 mmol/100g

\
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The hydrodeni#rogenation activity,*hydrodésulphurizatioh
activity and the mbnoaromatics hydrogenation activity were
determined as a fuhction of the temperature in the operating
temperature range.éThe results are given in Table IV. They are

expressed in N-content,_sfcontent and aromatics-content (mono-, di-

and polyaromatics); respectively.

TABLE IV .Cata?yst pérformance

Temperature S% N-

(°C) contént contént monoarom. | diarom. polyarom.

(mmol/ | (mmol/ (mmol/

(mg/Kg) (mg/kg) 1106 g) {100 g) 100 g)

310 8200 96 124 14.7 9.1

330 5100 54 111 9.1 | 6.5

350 | 2000 | 22 o911 |10.4 - | 4.2

360 957 10 81 10.1 3.7

370 674 | 4.9 | 84 11.4 3.8

Table IV again demonstrates that the catalyst according to the
present invention exhibits good hydrodesulphurization and
hydrodenitrogenatioh activity  (94.8% S-reduction and 97.9% N-
reduction at 370 °C) aé well as a very good aromatics hydrogenation
activity. Particularly the monoaromatics hydrogenation activity of

the catalyst according to the present invention is excellent.



10

15

20

25

30

wo 96/03208

PCT/EP95/02903

' EN
THIS SHEET HAS BE
REPLACED

CLAIMS

1. Catalyst comprising a reffactory oxide carrier and as
catalytically active metals between 2 and 15% by weight of ae least
one Group VIII-metal aﬁd between 5 and 40% by weight.of chromium,
said weight percentages indicating the amount of.metal based on the
total weight of carrier, whereby chromium is present as an oxide

and/or as a sulphide.

2. Catalyst according to claim 1, wherein chromium is at least

~ partly present as a sulphide.

3. Catalyst according to claim 1 or 2, wherein the Group VIII
metal is preSent in an amount of 3 to 10% by weight and chromium is
present in an amount of 10 to 30% by weight.

4. Catalyst according to any one of the preceding claims, wherein
the molar ratio of Group VIII metal to chroﬁium is between 0.10 and
1.20.

5. -Catalyst according to any one of the preceding claims, wherein
thelcatalyst comprises palladium as the Groﬁp VIII metal.

6. Catalyst according fb-ahy'ohe of the preceding claims, wherein
the refractory oxide ceirier is eelected from the group consisting
of zeolites, alumina, amorphous silica-alumina, fluorinated alumina
or miktures of two or more of these. .

7. Catalyst according to claim 6, wherein the refractory oxide
carrier is zeolite Y with alumina as a binder.

8. Cataiyst according Eo claim 6, whe:ein'the refractory oxide
carrier is fluorinated alumina.

9. Use of a catalyst according to any one of clalms 1-8 in a
process wherein a hydrocarbon feedstock comprising aromatlc
compounds is contacted with the catalyst at elevated temperature and
pressure in the presence of hydrogen.

10. Use according to claim 9, wherein the hydrocarben feedstock

" also comprises sulphur and/or nitrogen containing compounds.
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11. Use according to claim 9 or 10, wherein the process is a
hydrotreating process carried out at a temperature in the range of
from 200 to 400 °C and a total pressure in the range of from 20 to
200 bar. o

12. Use according to claim 11, wherein the hydrocarbon feedstock is
a gas oil, a cracke#_cycle oil or a mixture thereof. |

13: Use according to any one of claims 9 to 12, wherein the
hydrocarbon feedstock 1s first contacted with a dedicated
hydrodesulphurlsatlon and/or hydrodenltrogenatlon catalyst under
conventional hydrotreatlng conditions, suitably in a stacked bed
_configuration with the hydrodesulphurisation and/or hydro-
.denitrogenation cataf,ly'st in the upper bed. . .
' 14, Process for the preparation of a catalyst according to any one
of claims 1-7, whicé process comérises incorporating the
catalytically active metals into the refractory o#ide carrier
followed by drying %nd calciﬁing. _. | .l_

15. Process accordirg to claim 14 comprising the subsequent steps
of: |

{a) impregnating the refractory ox;de carrier with a solution
containing a chromidm compoond o

(b) further 1mpregnat1ng the carrier with a solution contalnlng at
least one Group VIII-metal compound, and

(c) drying and calclnlng the thus impregnated carrier at a
temperature in the range of from 250 to 400 °C.

16. Process accordlng to claim 15, wherein after step (a) and prior
to step (b) the 1mpregnated carrler is dried and calcined at a
temperature in the range of from 300 to 650 °C.

17. Process for the preparatzon of a catalyst according to claim 8
comprising the subsequent steps of: |

(a) 1mpregnat1ng a refractory oxide carrier comprising alumlna with
“a solution contalnlng a chromium compound .

{a') drying and calc;nlng the impregnated carrier at a temperature
in the range of from 350 to 550 °C,

{a") fluorinating the.calcined carrier and crying anc calcining the

fluorinated carrier at a temperature of between 300 and 500 °C,

i

<



WO 96/03208 PCT/EP95/02903

- 17 -

(b) further impregnating the fluorinated carrier with a soiution
containing at least one Grpup VIII metal compound, and

{c) drying and calcining the thus impregnated carrier at a
temperature in the range of from 250 to 400 °C, whereby each
calcination is carried out at a lower temperature than the preceding
calcination.

18. Process according to any one of claims 15 to 17 further
comprising the step of

(d) subjectiﬁg the catalyst obtained to a presulphiding treatment.
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