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The invention relates to a process for the cata]yt1c hydrocracking of
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with the catalyst containing'at least a hydrogenation component and an
acidic component; the latter effects the actual cracking.

In these types of processes, the function of the hydrogenaticn
component is not restricted to saturating the cracking products.
Another important function is to convert the sulphur and/or nitrogen
compounds present in the feedstock into’ hydrogen sulphide and/or
ammonia by means of hydrogenation reactions, after which, in a
subsequent step, these gases can easily be removed.

H/droyracking procssses are generally carried out at a pressure in the
rangb of about 100 to 250 bar and a fcmperaturn in the range of 230°
to 450°C Such processes have been described in, int. al., US Patent
Specification No. 4,085,068, where the catalyst employed is a
composition which in addition to a Group VIII metal and a Group VIS
metal contains a carrier in which silica-alumina (the acidic
component) is dispersed in an alumina matrix; US Patent Specification
No. 4,419,271, where use is made of a catalyst which in addition to at
least a hydrogenation metal likewise contains & carrier in which -
silica-alumina is dispersed in an alumina matrix, but with a zeo]ite
also incorporated into said carrier; and GB Patent Specification No.

2 114 534, where the catalyst used contains, in addition to at 15355 a
hydrogenation metal, a carrier, such as alumina, and a fauaasxte ‘which
has been steam calcined and then dealuminated. In lall of these
processes the selection of the catalyst is closely bound up with the
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A more recent development is to carry out hydrocracking processes in
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cl osely bounmivmpe\mmmertdbemn to this end is a catalyst containing a carrier,
nickel, molybdenum, and phosphorus, with a specific pore size
distr_ibution on the part of the catalyst being required. It should
furth.é\r be noted that the type of catalyst known from aforementioned
us Paté‘"nt Specification No. 4,085,068 has found widespread commercial
use. |

Another. development in the field of hydrocracking processes is
described in International Patent Application WO 93/02159. This
document discloses hydrocracking catalysts containing as acidic
component an inorganic, crystalline, non-layered aluminosilicate
having pores with diameters in excess of 1,3 nm and exhibiting, after - —.
calcination, an X-ray diffraction pattern with at least one peak at a _
d-spacing greater than 1,8 nm. This document also teaches that prior
to the actual hydrocracking step, the feedstock should be subjected to

a hydrodesulphurisation/hydrodenitrogenation. _
Surprisingly, it has now been found that hydrocrackin.g catalysts based ”’
on the aluminosilicate according to WO 93/02159 can in fact be used
for hydrocracking feedstocks which have not been subjected to
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catalysts wil] ev1dent]y brm% major economc advanta?es now. that it
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distil '13'[9 lghEREGRA ghPVWEdt iRTEPSWRERe a3 JAGH ﬁ’c_’{vajrmogd%rl;agedu% effect with
regard to selectivity, viz. a significantly higher ratio between
branched and 1linear molecules, the so-called iso-to-normal (I/N)
ratio, 1in the 1light fraction of the hydrocracking product. The
branched molecules in the light fraction are valuable -components for
the gasoline ‘"pool", and the branched C(C4-and CS5-molecules in
particular constitute very valuable raw materials for, e.g.,
“alkylation reactions and the preparation of methyl-t-butyl ether
(MTBE); with respect to all of this it also holds that the middle
distillate selectivity is at the same level at least as that of the
aforéqfntioned known silica-alumina/alumina catalysts.
AY

The invention provides a process for simultaneously hydrocracking,
hydrodesulphurising, and hydrodenitrogenating a hydrocarbonaceous feed
by contacting a feedstock which contains sulphur compounds and
nitrogen compounds, has a boiling range of more than 80% by volume
boiling above 300°C, and has not been subjected to any preparatory
catalytic hydrodesulphurisation or hydroden1trogenat1on at elevated
temperature and pressure, in the presence of hydrogen, with a catalyst
containing a carrier, a Group Vfg metal component, a-Group VIII metal
component, and an inorganic, crystalline, non-layered aluminosilicate
with pores having diameters greater than 1,3 nm and exhibiting, after
calcination, an X-ray diffraction pattern with at least one peak at a
d-spacing greater than 1,8 nm.. ~
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non-layered alumnosflicate having pores with dianeters in excess of 1,3
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t eaches t hat prri or. t he act ual ydﬁocr_acki ng step, the feedstock should
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jnvention metal contents up to 100 ppm are considered tolerable, but
optimum results are obtained with metal contents up to 10 ppm,
20 pre\ﬁgrably up to 2 ppm. A preparatory demetallisation, if such is
desirad, may be carried out by an otherwise conventional route, with
there being a choice between demetailising in a separate reactor and
demetallising in the same reactor in which the proéess according to
the invention takes place by providing the reactor with an upstream
25 demetallisation catalyst bed.

The catalyst for the process according to the invention

The suitable carrier materials include alumina, silica, silica-
alumina, silica-magnesia, zirconia, titania, silica-zirconia, silica-
magnesia, clays, dispersions of silica-alumina in alumina, and AlPO4.
Preference is given to alumina, more particularly gamma-alumina,
silica-alumina (silica-gamma-alumina) with a silica content in the
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silica-aluminas for use in, the preparat1on of the 1atter carr1ers are
for hydrocr klng f eeds kf have . not ré{;{)een j.ecte
prepar at ory ﬁ‘ﬁdr(’ﬂ’ &Lﬁ“ﬁ}"ﬂ]rl $hticdn? EIP‘bde"fﬂgte dgef cﬁdhc"aﬁ&“'ﬂm% lﬂf&éF
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10 resulting dispersion generally. is in the range of 10 to 90 wt.f,
preferably in the range of 20 to 80 wt.%, based on dry weight.

Suitable hydrogenation metal components include nickel, cobalt,
molybdenum, ~ and tungsten. Preferred combinations are
cobalt/molybdenum, nickel/molybdenum, nickel/cobalt/molybdenum, and
nickel/tungsten. Noble metals of Group VIII, such as platinum,
‘palladium, and mixtures thereof, may also be used.

b
o

fFor a full description of the crystalline aluminosilicate, reference
is méds to International Patent Applications WO 91/11390 and 93/02159.
These ‘“types of materials distinguish themselves from the known
zeolites, such as Zeolite-Y and ZISM-5, by having larger pores; in
particular, they have pores of an essentially uniform diameter in the
range of 1,3 to 20 nm, preferably in the range of 1,8 to 10 nm, more
preferably still in the range of 1,8 to 4 nm. The benzene adsorption
capacity, determined at 6,7 kPa and 25°C, is greater than 15 g of
benzene per 100 g of calcined material.

The characteristic X-ray diffraction paitern of these aluminosilicates
shows at least one peak at a position greater than 1,8 nm d-spacing
(Cu-K alpha radiation). More particularly, the pattern will show at
least two peaks at positions greatér than 1 nm d-spacing, at least one
of which is to be found at a position greater than 1,8 nm d-spacing.
The aluminosilicates' preparation may be as follows: the. requisite
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with respect tQ, { of this it also holds that the mddle distillate

sel ectivillly is at”the same | evel at least as that of the aforenentioned
known silica-alThei rrayisalie nalusdnal yeousces  Thed udav extumdmi ysr ook idies  aa lpmdn B

for siml tamo'&%ﬁ/ydﬁé?fd)&racal‘ihlﬂfh1uﬁyd'h9@90'§<%é’h“réo"{*hﬂﬁ aNthinat aluminium

hydr odeni trogenat i rocar bonaceous feed by contacting a ?ee dst ock

whi ch cont ai ns SYIPHSHEs BUIIBIMHS IERECS 2PEgRI2RBFPBIHTAETUTH LOmROYRSS| Sheh 2
range of nore ahamirB0f BYkoadese i |sluﬁﬂab?ﬂlé0\nﬁt13\@0[@dnfpb@ndﬁnmcha& n@éhtseen
T e o o e SRR Yo By L LSRR S P, hrent e
of hydrogen, vvcbdrrtaanaag ammetiwnrivas mirnghaspbaniumer ons & @ RpR3RYQB - wheeeid Q
conponent, & .oXQUR: MphbsphorTEL@ nitrogen, Ry represents an alkyl group having
6-36 carbon atoms, and Rp, R3, and Rq have the meaning of hydrogen or
an alkyl group of 1-5 carbon atoms. The suitable alkali metal sources
incltrd\e the oxides or hydroxides of the elements of Groups IA and IIA,
or compounds of these elements with silica or alumina, such as water
glass or sodium aluminate. The compounds suitable for use as second
matrix compounds include those which satisfy the formula for matrix
compounds immediately above, except that this time R1 also has the
meaning of hydrogen or an alkyl group of 1-5 carbon atoms. The
o suitable organic adjuvants include aromatic hydrocarbons or amines
having 5-20 carbon atoms, halogen- or Cj-Cig alkyl-substituted
derivatives thereof, cyclic and polycyclic hydrocarbons having 5-20
carbon atoms and halogen- or (3-Ci4 alkyl-substituted derivatives
thereof, and, finally, branched and linear aliphatic hydrocarbon"s'
having 5-20 carbon atoms and halogen- or Cj-Cjq alkyl-substituted
derivatives thereof.
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and/or nitrogen.

conponent, an i sta LI ne, Lol ayere al nosilicate with
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Peri odi c Tabl e of F enent s, respectlv ly,
REPLACEVENT <$&ferally has & 'value from 2 to”infinite, preferably in the range of 2

1o to 100. .
Especially suitable is the aluminosilicate designated with the acronym
MCM-41, the preparation of which 1is described in Example 22 of
aforementioned International Patent Application W0 93/02139.

Other molecular sieves may be incorporated into the catalyst in
addition to said aluminosilicate, inciuding Y-zeolites, ultrastable Y-
zeolites having a unit cell constant of from 2,425 to 2,440 nm,
zeolite beta, mordenite, and materials of the ZSM-5 type having a
silica:alumina ratio in the range of 12 tc 300.
\

The a\afnounts of the various catalyst components are as follows: 10 to
90 wt.%, preferably 20 to 80 wt.%, of crystalline aluminosilicate, 5
to 30 wt.%, preferably 5 to 25 wt.%, of Group VIB.metal component,
calculated as trioxide, 1 to 15 wt.%, preferably 2 to 10 wt.%, of
Group VIII metal component, calculated as oxide, and 10 to 90 wt.%,
preferably 20 to 80 wt.%, of carrier.

fary
[84]
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The preparation of the catalyst may be by an otherwise known route,
e.g., by first mixing the carrier material or, more precisely, a
precursor thereof, with the aluminosilicate, extruding the obtained
mass optionally followed by an intermediate calcination, impregnating
the extrudates with an aqueous solution of precursors of the metal
components, and subjecting the impregnated extrudates to a final
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~aluminosilicate be present in the uncalcined form during extrusion.

The catalyst particles may have many different shapes. The suitable

shapes include cylinders, spheres, rings, and symmetric and asymmetric
20 ponT‘obes, for instance tri- or quadrulobes. The diameter usually

amounts to 1 to 10 mm, and the length also amounts to 1 to 10 mm.

It is advisable to convert the catalyst, i.e., the metal componen’ts,
in the sulphidic form prior to use in the process according to the
invention. This may be done in an otherwise conventional manner, e.g.,

25
by contacting the catalyst in the reactor at increasing temperature
with hydrogen and a sulphur-containing feedstock, or with a mixture of o
hydrogen and hydrogen sulphide.

30 The process according to the invention

When carrying out the process under ‘“regular*® hydrocracking
conditions, the following values for the relevant process parameters
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Preferably, the conversion exceeds 90 wt.%.

This embodiment of the process according to the invention makes it

possible to obtain good middle distillate selectivities (boiling range

of from 165° to 391°C).-The middle distillate yield generally is the

range of 25 to 50 wt.%, more particularly in the range of 25 to 30

wt.%.

[
w

As was stated earlier, it has been found that the process according to
the invention produces light fractions in which the iso-to-normal
ratio) has favourable values. Of course, the gquantity of this
lTower-boiling fraction is dependent on the process conditions: opting
for a high-middle distillate selectivity will result in a lower yield
of lighter fractions, and vice versa.

In general, the hydrodesulphurisation and hydrodenitrogenation
processes are carried out in such a way that at least 80 wt.% of the
sulphur compounds originally present in the feedstock and at least 40
wt.% of the nitrogen compounds are converted_ihtd"Eompounds having a
lower sulphur content and nitrogen content, respectively, and H2S and

20

25

NH3, respectively.

30
When the process is carried out under mild hydrocracking conditions,

the following values hald for the relevant process parameters:
temperature: in the range of 350° to 415°C;
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wei ght . Sui irsairemo tacdd egeimathen! ighteradboi tingpenedited frantliodeal soi akplies

cobal t, nol ybden £ o s ten. Preferred conbi nati ons
are cobalt/n@?ybgg%E ¥ nlékgT%ﬁgﬁgﬁﬁenunl ni ckel / cobal t / nol ybdenum  and

ni ckel / t ungsten. 9enesBl e _Fha alhydregesuiphyirgsatiion | andychydradenpirogenatiion
processes are carried out in such a way that at least 80 wt.% of the

sulphur compounds originally present in the feedstock and at least 40

15
.wt.% of the nitrogen compounds are converted into compounds having a

higher sulphur content and nitrogen content, in particular H2S and
NH3.

20 The \invention will be elucidated with reference to the following
examples.
EXamg]e 1

o5 Preparation of Comparative Catalyst A according to US 4,085,068
1050 g of alumina hydrogel (boeﬁﬁ{gé; LOI 30,5%) were mixed with 200 g
of powdered molybdenum trioxide. To this mixture were added 936 g of
amorphous silica-alumina cogel (LO{ 15%). The product obtained after

30 mixing was extruded to produce cylindrical extrudates of 1,5 mm in

diameter. The extrudates were dried at 120°C for 20 hours, and then
calcined in air at 600°C for 1 hour. Next, the extrudates were
impregnated with a solution of cobalt nitrate in water, followed by
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molybdenum trioxide, 34 2 wt.% of silica, and the bal 1
pal | adi um and m xtures theréof, may a?so be use 8 eFoa anc?u? umgigscrl ption

of the crystalline alun1n05|llcate reference is made to International
Pat ent AppllQ@mmmgsamo 91/11390 and 93/02159. These types of nmaterials
dlstlngﬂlsh Thenselves fromthe known zeolites, such as Zeolite-Y and

ZSM5,: by having larger pores; in particular, they have pores of an
essenti al | y Rirephoatmodi afrether crrystahid neanigmindsilidated 20 nm preferably in
the range of 1,8 to 10 nm nore preferably still in the range of 1,8 to 4

nm The benzene adsorption capacity, determned at 6,7 kPa and 25[err]C,
is greater tFTan351% Kgof oberzesel ydoniom gw@’ﬁ”talcgnhﬁdﬂnmteﬁﬁ 3l .wirle of

‘Character' Stdeﬁt yXeFiet Y fnfnamunpncmtﬁeg] weFet'aea@d aljusg n@él 'dﬁata?aﬁhems at
| east &he at a position greater an 1, d- spaci ng (Cu
radi ati on). éOR)CB‘r‘F?céF%r?‘i/ 6t g P4t tdéi"h"%aﬂls%%d%tét” | @%tmtwrsem at

posi tions gredtresd td“vaﬁnﬂgrﬁm siftSepaWhm thé ﬁo&&@%r@n&eﬁé At €4k iivel§ Cadaedt ound

at a positi re ter t han -spaC| al.um nosiljcate .
preparati ono%ig 9as Yol | 80\/5 aﬂ'ﬁeeoulsequﬁ F%eon contammg stc % ot

tetramethy]ammon1um hydroxide, 2,83 kg of tetraethyl orthosilicate,
and 4,76 kg of precipitated silica (LOI 6%; VP-810%, ex Akzo-PQ
Silica). The thus prepared crystallisation mixture was kept at a
temperature of 90°C for 48 hours, after which the crystalline product
was filtered off, washed with water, and dried at room temperature.

A small portion was calcined at 600°C to determine its
charégieristics, which were as follows: the specific surface area was
819 mz/g, the pore volume was 0,797 ml/g, and the average pore
diameter was 368 (all pore data was determined with reference to the
No-desorption curve). The molar silica:alumina ratio was 24,9.

15

20

25 Preparation of Catalyst B according to the invention

The preparation of this catalyst was analogous to that described for
Comparative Catalyst A, except that, instead of the amorphous
silica-alumina cogel, the crystalline aluminosilicate was employed.

739 g of alumina hydrogel (boehmite, LOI 24%) were mixed with 168 g of
powdered molybdenum trioxide. To this mixture were added 1127 g of the
uncalcined crystalline aluminosilicate (predried at 120°C: LOI 40%;
Malvern particle size: 10-15 micrometers). The product obtained after

30
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combustible gas mixtures, the heatingeghase to 500°C was carried, out
amounts of a silica solrce, an al'umna source, and a matri X conpound are
conbi ned i n Watden tEaaent REMGSPEATE i MgxFi xiher exXirpdatostwane; dmpregnated with
tenperat ure M agheousaRePutdlon26f @obd 11 @i drdesr F31Gowal thY GRRBWMEIIRYifaeD tO
mai ntain th H_of tobf méture.at a,val ue igptheoés%)ggf of 9 to 14. "As the
occasi on ariNG¥Es, Af0atrkAnd fahcinTng dpcdr 4L ousn i x compound, or an
addi ti onal orfgantataddstivaohtatagd bg,added%t @ft hebal ystorlidié satliph @t X% upé.
The sui t abl LI SpQUY i nel ude hpLla i]li.ca,

amor phous. s SaERms e s s, PRME BERS Pt RGP OEISER Sl .
silicates, and crystalline inorganic silicates, such as zeolites or clays.

N The sui tabIE@(a g.éJrgi na sources include al.um nium oxide, alumnium
oxyhydl%xider—maLuniniun1 hydr oxi de, sodi.um al um nat e, al um ni um

sul phate, alum niumnitrate, and organic alum nium conpounds such as
al um ni um alfipexsetedon Jheheutdtabystsnet rike sEETRAUNE exahiEsudlges _kt&d under

_ mild hydrocracking conditions.
The reactor wa% made up of a tube having an internal diameter of 2 cm
and a length of 110 cm. The tube was filled with 100 ml of catalyst
homogeneously intermixed with carborundum particles. After the

' catalyst had been sulphided using a mixture of hydrogen and an SRGO in
which dimethyl sulphide had been dissolved to an S content of 2,5
wt.%z a preheated Kuwait vacuum gas oil was passed over the catalyst.
For tﬁs boiling point and other data of this oil reference is made to
Table I‘below. Table 2 lists the process conditions, Tabie 3 gives the
test results. , - _
The detefmination of the relative weight activities (RWA) was carried
out as follows.
HDS and HDN: For each catalyst two reaction rate constants (kyps and
kyupy) were calculated on the basis of the obtained sulphur and
nitrogen numbers of the product vis-d-vis the sulphur and nitrogen
numbers of the feedstock. Next, the reaction rate constants for
comparative catalyst A were valued at 100, after which a recalculation
of the reaction rate constants of the catalyst of Example 2 gave the
requested RWA values.
MHC: For both catalysts the conversion to products having a boiling
point below 391°C was determined, taking into account, of course, the

15

20
25

30
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valued at 100, after which a recalculation of the former gave the
preferably des, silicates, or conbinations thereof -
cont ai ni ng gﬁhn%ﬁ%%ﬁ@%ﬁéqgé phosphonlunllons - R err] RRR3R4Q+ - wherein Q
represgnts phosphorus or nitrogen, Rlerr] represents an alkyl group having
6-36 carbon atons, and Rlerr], R3, ang;Ré have the neani ng of hydrogen or
an al kyl group of 1-5 carbon atons. The suitable al kali metal sources
i nclude the oxides or hydroxides of the elenents of Goups |A and Il A or
conpounds of these el ementPyropéittfiesidfi Kawait @dduuinngas stith as water gl ass or
sodi um al um nate. The conpounds suitable for use as second matri x conpounds
.include those which satisfy the formula for matrix conpounds i medi ately
above1 exceépt phimatcobtant (Sh.eZREm wt.%al so has the neani ng of hydrogen or an
al kyl %rou onéygc&ﬁﬁmgn {.08%q gme sui t abl e organi ¢ adj uvants i ncl ude
aromati c hy roc ons  or nes ﬁ ving 5-20 carbon atons, halogen- or
Cerr]-q erDIEPST'a){ k1 505Gk s@i%0Betf Mier i vati ves thereof, cyclic and polycyclic
hydrocarbons having 5-20 carbon atons and hal ogen- or Cferr]-Clerr]
aIkyI-substit ted derivatives thereof, and, finally, branched and Iinear
al i phatic R UEhPBUHédﬁ ing 5-20 carbon atoms and hal ogen- or
CIerrE§CIerr] al kyl -substituted derivatives thereof.

10% by volume < 391°C
50% by volume < 451°C
90% by volume < 527°C

jN

20 ‘\ Tab] e 2
Test conditions
Condition 1 Condition 2

25

Pressure (bar) 50 50

H2/0i1 (N1/1) 320 320

Temperature (°C) 385 © 385

LHSV (hour-1) 2,00 0,50
30
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7 After the «crystallisation process the crystalline nmaterial S
i sol at ed, wa€hedfitionh wat er, dried, an®kWAoptionally, calcined at a

tenmperature in the range of 400[€¢g] t KSO[eMgEC in an at nosphere of air
and/or  Aitrogen. If so desired, the crﬁ@tallin material is subjected to an

anmmoni um exchanje in order to rebiifce itl®6sodi dd®content; in that case, the

ammoni um ions a e converted to hygrogensgons iRy a subsequent cal cining
process ( e.g., the final calcination - see below). The silica:al umna
nmol ar ratio of the crystalline alumnosilicate generally has a value from 2

~to infinite, TR eriabippebps t BRat afte QktaPydto skRErdfrgPad alney iavki@iine dfs

- the al um nos ||c3te.ﬂFS|gnated m“%h Ihg acronym MCM 41, the gr aration of.
whi ch i19 desEfiMEd 7 MaExShpIMBroFore s, ddNi HorR¥aT | (HTBR R VAt ab et

Application V2 98MdAPd5Hstillate selectivity of the two catalysts was determined

separately and found to be substantially the same.

Further, the iso-to-normal (I/N) ratio of the Cq compounds in the gas

fraction was determined by GC analysis of multiple samples of the gas -

fraction at approximately the same conversion. The I/N ratio for the

15
~ gases is assumed to be indicative of the I/N ratio of the higher-
boiling products.
. Table 4
\\
20 '
3 I/N ratio
Condition Comparative catalyst A Catalyst B
1 0,241 0,268
o8 2 0,283 0,306
As appears from Table 4, the I/N ratio of the product obtained with
Catalyst B according to the invention is higher than the I/N ratio of
the product obtained with Comparative Catalyst A. e
30
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O her nol ecul ar sieves ma ein paorated into the catal in additjon to
sai d al uni nosll'e’l’l iE’é‘tse,e’iaﬁ’E?/%dlangca a X=§5I i t5esPTERRT S sf%mﬂrés‘rgg 2808 i sB.C{d8d ng

a unit cell cweittatorofa fcapmer /éBﬁpmmﬁg %O1ﬁma1mﬂma tdd spetsed HAr dRMiihe.

and, ot et Lo’ phARrERIA S BRI 2UEAGE, Shi 1 LAIE B8 LI ReEr g raroe
foll ows: 10 tComp@raftive, Cafradyet abl ex2€ptt ¢h80D Wil ffchfotha:rsyéuea-{aﬂumna cogel
al umi nosi | i cgfg, %ﬂtagea;cby"‘”the@crgggqﬁﬁ@laﬁgl% r’}ogg/?%ca‘@te ﬂ‘e&%}‘e@ﬁu?xa\lﬁw ”?t al

conponent, cal cu I OXI

of Group VI IThget tinadorgasadnst cantained ed3ad %xrd@o ahrtﬁnym e 1901 akedy, as
preferaply 2Qriexffd whd %, 400t CAEEHAR- calcﬁm@td@r gpap@geon of -the catal yst may
be by alf ot herwi se known route, e. g.; by first mixing the carrier material"
or, nore precisely, a precursor thereof, with the alum nosilicate,

ext r udi ng th€xalpks Sed mass optionally followed by an internediate

cal cination, Inpregnating the extrudates with an aqueous sol ution of

precursors of the netal .
Catalyst C of Example 4-was tested under mild hydrocracking conditions

in the manner described in Example 3, and compared with Comparative

15
Catalyst A prepared in Example 1.
The relative weight activities were determined as described in Example
3, with the reaction rate constants of the test with Comparative
Catajyst A being rated as 100. The results are given in Table 5 below.
3
20 R
N Table 5
Test results
25 Condition RWA
HDS HDN MHC
1 1125 125 n.d. CoT
109 119 125
30 n.d. stands for not determined

Thus, it appears that Catalyst C according to the invention has an
improved weight activity over Comparative Catalyst A. The middle
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conponents, ‘%Sd glﬂﬁ egﬁeﬁ'a]??f'é |m§r 'éerfgtlgﬁ «EQ? eﬁéataés %vaanIHalTable 6.
REPLACENMENT rﬁlHE:E‘EWle samples of the gas 8 calcination at a
tenperature in the range of 400[err] to 700[err]C for 0,1 to 10 hours, in
order t® convert the netal component precursors to the oxide form and,

where applicable, convert gama-al uni naddfledursors to gamma-al um na.
Addi tional ly, of cour se, the netal conponent precursors, or a

portion thereof, may be adm xed as the/”nm ng of the (precursor) carrier
material and the al uminosilicate is ca/M B&t'Qut. If a di spersion of
silica-alumna in alumna is used as carrier material, t he di spersion

‘may be inter 'xe.vm'ththe uni_no 0 | se be dried

and/ or 1gal ci#?&?ﬁ%t . Ina %Péaf)wgf é‘%ﬁﬁzeﬂgi od| ?{ys?ch gel di spersion
is first spray-dried and the dQRa9- dried material gOe2®ht to a powder,
after which sg d powder is 0,260 0,270

As appears from -Table 6,7 the I/N ratio of the product obtained with
the catalyst according to the invention is higher than the I/N ratio

15
of the product obtained with Comparative Catalyst A.
20 \
| X
25
30
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interm xed wi taﬁ‘d thHdee”bﬁrBﬂ?’m}éW|%a{}y«9r°°ar&8§?°e°”5tﬂ%‘*d bYyE9NFerLing 2
i mpregnation, dakdstoaki emich edntainprsoadplseesompoayds band adirmoiged campbundss

descr i hed her el e Q1 goi| hrdlake e aighe LG Hosk 19" DA 0ely 3" SHBVE'

t he al ufinosilicafe®co he eéxirusion cess, It
reconmended t hat30fHe aﬁﬂﬁimhﬂésﬂbt ciaae@ sabpeatedntoi any hermcatmyne@tabytmc

during extrusi Orhydrod-Elamﬁﬂfr‘?E tisutonparotr' cl i%ﬁirﬁ@é’m'i%@eﬂﬁﬁ'bfn di f ferenyghames.

The suitable shapes I ncl ud i nders heres, rin symetric and
asymetric pol ylt8Be&ratyse &}W‘i‘staah’éeést‘ﬁf 3 r‘"°a%1a"chau.'?l ég%sba"Thé” dthendresence

usual 'y amount s offohiditogedd #Mgh %miathlBsttelt@hfh]awhﬁ@ anegitier] 0oalcreuplOr1am )
ln the

i1t d bl e t t th t al

sul phi 406 {or m BEFGT OUPCRETT ne (B! BLELSetL SHPRGE L ERE ThydRtBEH - Thi <
may be done in anysﬂaﬁdamn,se_rmmnilam*ed)nah]umanmﬂrl1cetg , with cootrast i hagyinge
catalyst in thegy gﬁefcttepg ncaiggpraﬁﬁ' Q%%M%%%&W@ @f‘ﬂépg@gﬁﬂgﬁ%n

sul phur-contai nin eeds m Xt
sul phide. The pﬂd&@gs difforetiiog partene Wikbesk ilenst one peak at a d- spacmg

greater than 1,8 nm.
15
2. A process for simultaneously mild hydrocracking,
hydrodesulphurising, and hydrodenitrogenating a hydrocarbonaceous
feed by contacting a feedstock which contains sulphur compounds
.and nitrogen compounds, has a boiling range of more than 80% by
20 : \\‘/Q\]ume boiling above 300°C, and has not been subjected to any
preparatory catalytic hydrodesulphurisation or
. hydrodenitrogenation, -at elevated temperature and a pressure in
the range of 25 to 100 bar, in the presence of hydrogen, with a
catalyst containing a carrier, a Group VIB metal component, a
Group VIII metal component, and an inorganic, crystalline,

25
non-layered. aluminosilicate with pores having diameters greater
than 1,3 nm and exhibiting, after calcination, an X-ray
diffraction pattern with at Teast one peak at a d-spacing greater
than 1,8 nm.

30

This Sheet Has Been Replaced




When carryi nngSG?toryhe hycglpgg%%lghum?&égon/hypg%qﬁné];rogenﬂtlaqndcr aBﬂ'Wg a
condi tions, thwirbordaingg ca’e&]ue$ fapntéimd ngelmvamomammesscqyamarrbrtrer,s non-
REPLACENVENT = u 0

aso[erf )& hyloshsh iR LR PRIFDUEE ofthdrgt eS8l ey O, F U ShELer And
vel ocity: in @hébitinge aftar, zadeimtiens sanl X~y ofli ffiraet ion |Pﬁtt¢f‘é1 rvﬁﬁgeaéf
1000 to 2000 fhdast. on@eB@%l@'altya oLlaﬁa&%d?r‘éaQ@S Rheciedmare such as will give
a conversion of at |east 80 thé fermconversion in this context
refers to the weight, in per cent, of obtained product with a boiling point
bel ow 391' C (where applicable, this weight is corrected by taking into
account the wei ght of the portion of the feedstock V\/m ch already boils

10
15

20 -‘\\,\
=

30
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bel ow 391P8rI]vention Iefates) 19ia propesswdpphihe sptalykic hvdracrasking. @dpl oyed.
Pr ef e(rjgibl h{dtctlﬁrbmvﬁeﬁismkexmk ; pQﬁtMﬁ}é’BleyT[lti& g{ﬁbaﬁﬁilﬂiﬂngem‘te%r@ rocess
accordin e in i on es it _.possi o _obtain mi e
G ot 11 of ghEedsac ol FREaRERTHE TebdstRoRe 5Pl dsnafist b APl " e
mddle distillate yield generally is the range of 25 to 50 wt.% nore -
articul a [ 4 : f % d ' +Al T has
boen found’d il FREIHRB0TdUstEp odimafseny {Ays/ iy diteratifiG ees ey o
fracti onscomventi dxdeorarbarpcesunoferdstocksi §o Reeductavelrablavervipildas o

course,  Fifge q9a¢H ipr¥cedtes dtasi! ONRAcHIAL! tHO fléRARLERMWItH HRft8psent on the
process.cog |t|0n§: optngg for a high m ﬂlelglst% | ate s Iectlvit W
resul t i n®heYa5RAr CHRRATAtYR BPgHRRESSHTS WdBhsthea AT IHense \oF <& CatalYSdener al |

the hydreilgsthpheatadast @ontaiandg dty deggteni iydrgeaaition domposaresndiag

. . : . .
or1 g nal L§LisHES SHfRrRrE Rk BB AfRRks BRe Ml PR of i he i L ogen
conpoundslmr éhesmvéypesl ofit processesndshbavungtianl owver thail ppdirogenaitient . and
D Srete”, Sty ASoRREL AEL) SN, HESRRELNG! ittty the
Another important function is to convert the sulphur and/or nitrogen
compounds present in the feedstock into hydrogen sulphide and/or
ammonia by means of hydrogenation reactions, after which, in a
subsequent step, these gases can easily be removed.
Hydrocracking processes are generally carried out at a pressure in the
range of about 100 to 250 bar and a temperature in the range of 230°
to'4SO°C. Such processes have been described in, int. al., US Patent
Specification No. 4,085,068, where the catalyst employed is a
composition which in addition to a Group VIII metal and a Group VYIB
metal contains a carrier 1in which silica-alumina (the acidic
component) is dispersed in an alumina matrix; US Patent Specification
No. 4,419,271, where use is made of a catalyst which in addition to at
least a hydrogenation metal likewise contains a carrier in which
silica-alumina is dispersed in an alumina matrix, but with a zeolite
also incorporated into said carrier; and GB Patent Specification No.
2 114 594, where the catalyst used contains, in addition to at least a
hydrogenation metal, a carrier, such as alumina, and a faujasite which
has been steam calcined and then dealuminated. In all of these
processes the selection of the catalyst is closely bound up with the
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the fol | ol#afoval cREgORY 8mplowed hEot el evant process paraneters: tenperature:

in ther o@Es@ﬁﬂ:ﬁx?iﬁhbrqhﬂ'@i%ﬁrﬁk%aenatwn The cost of constructmg
REPLACE

s o PegtinEl hydrocracking reactosspis SUBSEREI AP 35600He OF aIBoREdh 40 ¢ o
80 bar; smaessuvei owhitch: otdurt artmnoemerhtOod taad 2ihchass-béen Humd! thati o: in

the range \Pen gﬂg“eﬂths. g%q(gyg /ad[]%%ge%{ ql Ly, the conditions selected are such as

will glveac 90 Wwt. % The definition of conversion is
the same faedmhasu@huemuabm/éydﬁactemumgep,attm doonradr spaamit s suor ehigan 50

Lo 2 e S0PRL e BT e 2 e O e SEOR a L 1
le d15u111qte at these ower ‘pressures, say below 100 bar, is
neverthe]ess becoming increasingly relevant. This development forms
the subject of, int. ai., European Patent Specification No. 0 244 106,
where it is stated that it is a challenge to discover suitable
catalysts for this type of hydrocracking, which is also referred to as
"mild hydrocracking" (or MHC). This European patent specification's
own recommendation to this end is a catalyst containing a carrier,
nickel, molybdenum, and phosphorus, with a specific pore size
distribution on the part of the catalyst being required. It should
further bte noted that the type of catalyst known from aforementioned
US Patert Specification No. 4,085,068 has found widespread commercial
use. _
Another. development in the field of hydrocracking' ‘processes is
described in International Patent Application WO 93/02159. This
document discloses hydrocracking catalysts contazining as acidic
component an inorganic, crystalline, non-layered aluminosilicate
having pores with diameters in excess of 1,3 nm and exhibiting, after
calcination, an X-ray diffraction pattern with at least one peak at a
d-spacing greater than 1,8 nm. This document also teaches that prior
to the actual hydrocracking step, the feedstock should be subjected to
a hydrodesulphurisation/hydrodenitrogenation.
Surprisingly, it has now been found that hydrocrackiﬁé catalysts based
on the aluminosilicate according to W0 93/02159 can in fact be used
for hydrocracking feedstocks which have not been subjected to



Latalyoto WiIl1l CTYIUCIHLIY UIidyg HiaJUl CLUNHUHIEL dU¥allildyTo, #IUW LHdL 1L

W . % nor diagabepeufeundy that ethehairedeeaiment Wikd &f Gyeragsnabined edrbxslt vity
advant age %g@r{b@g fw@%ﬁo@ﬁ]ﬁ”‘%‘y"b% ohitiear nolecules in the
u

Ilghter-b0| Hgspr ct fraction also, applies in respect of this
I

enbodi nentlt &Pal been hdoulugr é%sd’igﬁ%fl SATPGYP NG that such

hydr odeni mwag@cnatkmg aAa Bpstss Whén C@mbaﬁédl Q4thi thes Uglawa Wrdcgfatki&tg | east
eeds

80 wt. % of d t k and at

oast 40 RLIPGR o RS BRoBert e oRpAMBL el BTCohUGRTNM he O LBRRSIAL havi no

ahhi gher sul [ahumrmomaennxan&h?btt ogehighent aotiviitp, pastd cmdrftnc&mmnd N:—l3.

T e i nven a I es.
o o Bl Lt g 18 bk G HSLGF AdGadsshal | ev0eBE i 6o

1050 g of ragana nto hyﬂmgem(moeﬁmt@ gigni Geaptdy vd@rgéiem x@ww batweEn g of

powder ed 'EP&N&?Q%“LH%tVILﬂ?éLF’e%oT@cJI&S ﬁfha“ %E‘%W@E@ @96’%-%8%& OtImDrphOUS

silica-alum npa cogel talned after m xi ng wa
extruded fat 'tﬂ”odh'&etB?I ilnght cAracdion u@ét eofhyfirecriggking product. The-

branched molecules in the light fraction are vaiuable -components for
the gasoline "‘poo]", and the branched Cé4-and C5-molecules in
particular constitute very valuable raw materials for, e.g.,
“alkylation reactions and the preparation of methyl-t-butyl ether
(MTBE); with respect to all of this it also holds that the middle
distillate selectivity is at the same level at least as that of the
aforémentioned known silica-alumina/alumina catalysts.

The invention provides a process for simultaneously hydrocracking,
hydrodesulphurising, and hydrodenitrogenhating a hydrocarbonaceous feed
by contacting & feedstock which contains sulphur compounds and
nitrogen compounds, has a boiling range of more than 80% by volume
boiling above 300°C, and has not been subjected to any preparatory
catalytic hydrodesulphurisation or hydrodenitrogenation, at elevated
temperature and pressure, in the presence of hydrogen, with a catalyst
containing a carrier, a Group VIB metal component, a-Group VIII metal
component, and an inorganic, crystalline, non-layered aluminosilicate
with p')f)res having diameters greater than 1,3 nm and exhibiting, after
calcination, an X-ray diffraction pattern with at least one peak at a
d-spacing greater than 1,8 nm.. -
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di anet er.

cal ci ned

of the invention are atmospheric gas oils, vacuum gas oils,

AL RLERABE S A 2l ARE] U | By DM e g,

i npr egnat ed® wSt,hd%{ﬂﬁéﬂh’cﬁ“anHfS,cUbhltar riiand aidsin water, followed by

reneved dr YGé?ﬁrQFW CQhE' Wlmg..éo‘ﬁ‘éﬁ?e td?esﬁé?ﬂ¢b5ﬂ§t6§k§rei%t 'sQE‘ﬁ‘GWaHSit a@aye-

cat al yst

cont oxli de
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Exanpl e 2 vo]ume will boil below 500°C. The boiling range will usually be of

from 300° to 650°C, with preference being given to feedstocks having a
boiling range of from 320° to 620°C.

The sulphur content of the feed is generally above 0,1 wt % and will
frequently be more than 1 wt.%.

The nitrogen content is generally above 500 ppm and will frequently be
in the range of 500 to.4000 ppm:

The feedstocks, in particular in the case of atmospheric and vacuum
residues, may further contain undesired quantities of metal
contaminants (nickel, vanadium, etc.). In the process according to the
invention metal contents up to 100 ppm are considered tolerable, but
optimum results are obtained with metal contents up to 10 ppm,
preferably up to 2 ppm. A preparatory demetallisation, if such is
desired, may be carried out by an otherwise conventional route, with
there being a choice between demetallising in a separate reactor and
demetallising in the same reactor in which the proéess according to
the invention takes place by providing the reactor with an upstream
demetallisation catalyst bed.

The catalyst for the process'according to the invention

The ‘suitable carrier materials include alumina, silica, silica-
alumina, silica-magnesia, zirconia, titania, silica-zirconia, silica-
magnesia, clays, dispersions of silica-alumina in alumina, and AlPOg4.
Preference is given to alumina, more particularly gamma-alumina,
silica-alumina (silica-gamma-alumina) with a silica content in the

The



silica-aluminas for use in the preparation of the latter carriers are
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cobalt/molybdenum, nickel/molybdenum, nickel/cobalt/molybdenum, and
nickel/tungsten. Noble metals of Group VIII, such as platinum,

‘palladium, and mixtures thereof, may also be used.

. For a full description of the cryst-aﬂine aluminosilicate, reference
is made to International Patent Applications W0 91/11390 and 93/02159.
These ‘types of materials distinguish themselves from the known
zeolites, such as Zeolite-Y and ZSM-5,: by having larger pores; in
particular, they have pores of an essentially uniform diameter in the
range of 1,3 to 20 nm, preferably in the range of 1,8 to 10 nm, more
preferably still in the range of 1,8 to 4 nm. The benzene adsorption
capacity, determined at 6,7 kPa and 25°C, 1is greater than 15 g of
benzene per 100 g of calcined material.

The characteristic X-ray diffraction pai‘tern of these aluminosilicates
shows at least one peak at a position greater than 1,8 nm d-spacing
(Cu-K &lpha radiation). More particularly, the pattern will show at
least two peaks at positions great'er than 1 nm d-spacing, at least one
of which is to be found at a position greater than 1,8 nm d-spacing.

The aluminosilicates' preparation may be as follows: the.requisite
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oxyhydroxide, aluminium hydroxide, sodium aluminate, aluminium
sulphate, aluminium nitrate, and organic aluminium compounds such as
aluminium alkoxides. The suitable matrix compounds include salts -
preferably halides, hydroxides, silicates, or combinations thereof -

~ containing ammonium ions or phosphonium ions - RjRpR3R4Q* - wherein Q
represents phosphorus or nitrogen, R; represents an alkyl group having
6-36 carbon atoms, and Ry, R3, and Rg have the meaning of hydrogen or
an alkyl group of 1-5 carbon atoms. The suitable alkali metal sources
include the oxides or hydroxides of the elements of Groups IA and IIA,
or compounds of these elements with silica or alumina, such as water
glass or sodium aluminate. The compounds’ suitable for use as second
matrix compounds include those which satisfy the formula for matrix
compounds immediately above, except that this time R; also has the
meaning of hydrogen or an alkyl group of 1-5 carbon atoms. The
suitable organic adjuvants include aromatic hydrocarbons or amines
having 5-20 carbon atoms, halogen- or Cj-Cygq alkyl-substituted
derivatives thereof, cyclic and polycyclic hydrocarbons having 5-20
carbon atoms and halogen- or C;-Ciq alkyl-substituted derivatives
thereof,' and, finally, branched and 1inear aliphatic hydrocarbons
having 5-20 carbon atoms and halogen- or Cy-Cys alkyl-substituted
derivatives thereof.
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Other molecular sieves may be incorporated into the catalyst in
addition to said aluminosilicate, inciuding Y-zeolites, ultrastzble Y-
zeolites having a unit cell constant of Trom 2,425 to 2,440 nm,
zeolite beta, mordenite, and materials of the ZSM-5 type having a

silica:alumina ratio in the range of 12 tec 300.

The amounts of the various catalyst components are as follows: 10 to
90 wt.%, preferably 20 to 80 wt.%, of crystalline aluminosilicate, 5
to 30 wt.%, preferably 5 to 25 wt.%, of Group VIB metal cornponent',
calculated as trioxide, 1 to 15 wt.%, prefefably 2 to 10 wt.%, of
Group VIII metal component, calculated as oxide, znd 10 to 90 wt.%,
preferably 20 to 80 wt.%, of carrier.

The preparation of the catalyst may be by an otherwise known route,
e.g., by first mixing the carrier material or, more precisely, a
pref'ursbr thereof, with the alumincsilicate, extruding the obtained
mass optionally followed by an intermediate calcination, impregnating
the extrudates with an aqueous solution of precursors of the metal
components, and subjecting the impregnated exirudates to a final
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dried mater1a1 ground to a powder, after which said powder is
intermixed with the aluminosilicate. Next, the extrusion,
impregnation, calcination, etc. processes may be carried out as -
described hereinbefore.
In order to avoid the risk of the pore system of the aluminosilicate
collapsing during the - extrusion protess, it is recommended that the

~aluminosilicate be present in the uncalcined form during extrusion.

The catalyst particles may have many different shapes. The suitable

shapes include cylinders, spheres, rings, and symmetric and asymmetric

polylobes, for instance tri- or quadrulobes. The diameter usually
" amounts to 1 to 10 mm, and the length also amounts to 1 to 10 mm.

It is advisable to convert the catalyst, i.e., the metal componen"cs,
in the sulphidic form prior to use in the process according to the
invention. This may be done in an otherwise conventional manner, e.g.,
by contacting the catalyst in the reactor at increasing temperature
with hydrogen and a su]phur-coritaining feedstock, or with a mixture of
hydrogen and hydrogen sulphide.

The process according to the invention

When carrying out the process under ‘“regular® hydrocracking
conditions, the following values for the relevant process parameters
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3929¢ e’(hdre zpplicable, this weight is corrected by taking into
account the weight of the portion of the feedstocK which already boils
below 391°C) vis-i-vis the. weight of the feedstock deployed.
Preferably, the conversion exceeds 90 wt.%.

This embodiment of the process according to the invention makes it
possible to obtain good middle distillate selectivities (boiling range
of from 165° to 391°C). The middle distiilate yield generally is the
range of 25 to 50 wt.%, more particularly in the range of 25 to 30

wt.%.

As was stated earlier, it has been found that the process according to
the invention produces light fractions in which the iso-to-normal
ratio has favourable values. Of course, the quantity of this
lower-boiling fraction is dependent on the process conditions: opting
for a high-middle distillate selectivity:will result in a lower yield

of lighter fractions, and vice versa.

In general, the hydrodesulphurisation and hydrodenitrogenation
processes are carried out in such a way that at least 80 wt.% of the
sulphur compounds originally present in the feedstock and at least 40
wt.% of the nitrogen compounds are converted_into compounds having a
lower sulphur content and nitrogen content, respectively, and H2S and
NH3, respectively.

When the process is carriedlput under mild hydrocracking conditions,
the following values hold for the relevant process parameters:
temperature: in the range of 350° to 415°C;

valued
d RWA
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H2/0i1 ratio: in the range of 200 to 600 NT/T.
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REPLACEI\EN’F Siembgdiment generaHy also gives g¢ood middle distillate
selectivities. The middle distillate yield usually is more than 15
wt.%, more particularly more ‘than 25 wt.%.
The aforementioned selectivity advantage with regard to branched vs.
linear molecules in the lighter-boiling 'product fraction also applies
in respect of this embodiment.
In general, the hydrodesulphurisation and hydrodenitrogenation
processes are carried out in.such a way that at least 80 wt.% of the
sulphur compounds originally present in the feedstock and at least 40
wt.% of the nitrogen compounds are converted into compounds having a
'higher sulphur content and nitrogen content, in particular HyS and
NH3.

The invention will be elucidated with reference to the following
examples.

Example 1

Preparation of Comparative Catalyst A according to US 4,085,068

1050 g of alumina hydrogel (boehmite, LOI 30,5%) were mixed with 200 g
of powdered molybdenum trioxide. To this mixture were added 936 g of
amorpf*.oué silica-alumina cogel (LOI 15%). The product obtained after
mixing was extruded to produce cylindrical extrudates of 1,5 mm in
diameter. The extrudates were dried at 120°C for 20 hours, and then
calcined in air at 600°C for 1 hour. ‘Next, the extrudates were
impregnated with a solution of cobalt nitrate in water, followed by



molyobdenum trioxide, 34,2 wt.% of siliica, and the palance alumina.

14 Tabl e 3

Test results ndi ti on RWA . H
D HDI\EX—@M 1 119 126 139 2

107 126 141 Thus, it appears that the catalyst according to
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Conparativ 'ale sel ectivity of the two
catal ysts was detern1ned separately and found to be substantially the sane.
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isopropoxide and 24,36 kg of demineralised water. The mixture was
stirred overnight, atter which the follcwing were successively added:
5,14 kg of an aqueous solution containing 25 wt.% of
tetramethylammghium hydroxide, 2,83 kg of tetraethyl orthosilicate,
and 4,76 kg of precipitated silica (LOI 6%; vP-810®, ex Akzo-PQ
Silica). The thus prepared crystallisation mixture was kept at a
'temperature of 90°C for 48 hours, after which the crystalline product
was filtered off, washed with water, and dried at room temperature.
A small portion was «calcined at 600°C to determine its
chard¢teristics, which were as fellows: the specific surface area was
819 m:/g, the pore volume was 0,797 ml/g, and the average pore
diameter was 368 (all pore data was determined with reference to the
No-desorption curvé). The molar silica:alumina ratio was '24,9.

Preparation of Catalyst B according to the invention

The preparation of this catalyst was analogous to that described for
Comparative Catalyst A, except that, instead of the amorphous
silica-alumina cogel, the crystalline aluminosilicate was employed.

739 g of alumina hydrogel (boehmite, LOI 24%) were mixed with 168 g of
powdered molybdenum trioxide. To this mixture were added 1127 g of the
uncalcined crystalline aluminosilicate (predried at 120°C: LOI 40%;
Malvern particle size: 10-15 micrometers). The product obtained after
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The action of the catalysts of the preceding examples was tested under
mild hydrocracking conditions.
The reactor wa% made up of a tube having an internal diameter of 2 c¢m
and a length of 110 cm. The tube was filled with 100 ml of catalyst
homogeneously intermixed with carborundum particles. After the
" catalyst had been sulphided using a mixture of hydrogen and an SRGO in
which dimethyl sulphide had been dissolved to an § content of 2,5
wt.%, a preheated Kuwait vacuum gas oil was passed over the catalyst.
For the boiling point and other data of this oil reference is made to
Table 1-below. Table 2 1ists the process conditions, Tabie 3 gives the
test results. , . _
The determination of the relative weight activities (RWA) was carried
out as follows.
HDS and HON: For each catalyst two reaction rate constants (kyps and
kupny) were calculated on the basis of the obtained sulphur and
nitrogen numbers of the product vis-&-vis the sulphur and nitrogen
numbers of the feedstock. Next, the reaction rate constants for
comparative catalyst A were valued at 100, after which & recalculation
of the reaction rate constants of the catalyst of Example 2 gave the
requested RWA values.
MHC: For both catalysts the conversion to products having a boiling
point below 391°C was determined, taking into account, of course, the



of Example 2, the other for Comparative Catalyst A. The latter was
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silical al uit94edtedp®¥A¥alie, alunina. The preparation of this catal yst was
anal ogous to that described for Conparative Catalyst A except that half

of the silica-alumna cogel was repl d by the crystalline
alum nosilicate prepared in Exanple 2@@ final catalyst contained

13,3 wt. % nol ybdenum calculated as trioxide and 3,4 wt.% cobalt
- calculated as oxide. EXAIRIEied of Kuwait vacuum gas oil

Sulphur content (S): 2,930 wt.%
Nitrogen content (N): 970 ppm
Density at 50°C: 0,9018 g/ml
Boiling point data:
10% by volume < 391°C
50% by volume < 451°C
90% by volume < 527°C
Table 2

Test conditions '

Condition 1 Condition 2

Pressure (bar) 50 ' 50
Ho/0il1 (N1/1) 320 - 320
Temperature -(°C) 385 T 385

LHSV (hour-1) 2,00 0,50
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Catal yst C of Exanple 4 was tested under m'ld hydrocracking conditions in
t he manndiondébtan bed i n Exanpl e 3, RMAd conpared with Conparative Catalyst
A prepared in Exanple 1. TthJeIaHhﬁe memﬁﬁt activities were determned as
described in Exanple 3, with the reaction rate constants of the test with
Conparativel Catalyst A beinyl%ated2ds 10039The results are given in Tabl e

5 below. 107 126  13gble S

Test results Condi ti on RWA

HDS HDN VHC 1 125 125 n. d. 2

109 Thls, itldppears. dhast erdcat@Tydtotacdet@iny N thEhusvedtioaPREars that

c di . I nvention has. an .
Catal yst Egﬁﬁb éJQdﬁél akcﬁdbﬁgvédqxe{h t acg}v?ty over Comparative Catalyst.A.

The middle distillate selectivity of the two catalysts was determined
separately and found to be substantially the same.
Further, the iso-to-normal (I/N) ratio of the C4 compounds in the gas
fraction was determined by GC analysis of multiple samples of the gas -
fraction at approximately the same conversion. The I/N ratio for the

. gases 1is assumed to be indicative of the I/N ratio of the higher-
boiling products.

Table 4
I/N ratio
Condition Comparative catalyst A Catalyst B
1 0,241 | 0,268
2 0,283 0,306

As appears from Table 4, the I/N ratio of the product oBtained with
Catalyst B according to the invention is higher than the I/N ratio of
the product obtained with Comparative Catalyst A.
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Comparative Catalyst A, except that half of the silica-alumina cogel

was replaced by the crystalline aluminosilicate prepared in Example 2.

The final czatalyst contained 13,3 wt.% molybdenum calculated as
- trioxide and 3,4 wt.% cobalt calculated as oxide.

Example 5

Catalyst C of Example 4 .was tested under mild hydrocracking conditions
in the manner described in Example 3, and compared with Comparative
Catalyst A prepared in Example 1.

The relative weight activities were determined as described in Example
3, with the reaction rate constants of the test with Comparative
Catalyst A being rated as 100. The results are given in Table 5 below.

Table 5
Test results

Condition ‘ RWA

HDS'™  HDN  MHC
' 1 125 125  n.d.
2 109 119 125

n.d. stands for not determined

Thus, it appears that Catalyst C according to the invention has an
improved weight activity over Comparative Catalyst A. The middle
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accordi nguflaiphe samyiestdfothd sahi gher than the I/N rati o of the product
obt ai ned with Conparative Catal yst A

Teble 6
I/N ratio
Condition Comparative Catalyst A Catalyst C
i 0,230 0,237 -
2 0,260 0,270

As appears from Table 6, the I/N ratio of the product obtained with
the catalyst according to the invention is higher than the I/N ratio
of the product obtained with Comparative Catalyst A.
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G oup VIB temperature and a pressure of more than 100 bar, in the presence

of hydrogen, with a catalyst containing a carrier, & Group VIB
metal component, a Group VIII metal component, and an inorganic,
crystalline, non-layered a&aluminosilicate with pores having
diemeters greater than 1,3 nm and exhibiting, after calcination,
an X-ray diffraction pattern with at least one peak at a d-spacing
greater than 1,8 nm.”

A process for simu]taneously' mild hydrocracking,
hydrodesulphurising, and hydrodenifrogenating a hydrocarbonaceous
feed by contacting a feedstock which contains sulphur compounds
and nitrogen compounds, has a boiling range of more than 80% by
volume boiling above 300°C, and has not been subjected to any
préparatory catalytic hydrodesulphuris'afion or

. hydrodenitrogenation, -at elevated :temperature and a pressure in

the range of 25 to 100 bar, in the presence of hydrogen, with a
catalyst containing a carrier, a Group VIB metal component, a
Group VIII metal component, and an inorganic, crystalline,
non-layered. aluminosilicate with pores having diameters greater
than 1,3 nm and exhibiting, after calcination, an X-ray
diffraction pattern with at least one peak at a d-spacing greater
than-1,8 nm. | .
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hydr odeni t rogenati on, at el evated tenperature and a pressure in the
range of 25 to 100 bar, in the
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, while ‘also giving an advantageous effect with regard to selectivity, viz.
a significantly higher ratio between branched and linear molecules, the
so-called iso-to-normal (I/N) ratio, in the light fraction of the
hydrocracking product. The branched molecules in the light fraction are
valuable components for the gasoliﬁe "pool”, and the branched C4-and C5-
molecules in particﬁlar constitute very valuable raw materials for, e.g.,
alkylation reactions and the preparation of methyl-t-butyl ether (MTBE);
with respect to all of this it also holds that the middle distillate
selectivity is at the same level at least as that of the aforementioned

known silica-alumina/alumina catalysts.

The invention provides a process for simultaneously hydrocracking,
hydrodesulphurising, and hydrodenitrogenating a hydrocarbonaceous feed
by contacting a feedstock which contains sulphur compounds and nitrogen
compounds, has a boiling range of more than 80% by volume boiling above
300°C, and has not been subjected to any preparatory catalytic
hydrodesulphurisation or hydrodenitrogenation, at elevated temperature
and pressure, in the presence of hydrogen, with a catalyst containing

R a carrier, a Group VIB metal component, ' a Group VIII metal
component, and an inorganic, crystalline, non-layered aluminosilicate
with pores having diameters greater than 1,3 nm and exhibiting, after
calcination, an X-ray diffraction pattern with at least one peak at a
d-spacing greater than 1,8 nm.

In the present specification the reference to a Group VIB metal component
and a Group VIII metal component refer to a component of a metal of Group
VIB of the CAS System Periodic Table of Elements and a component of a
metal of Group VIII of the CAS System Periodic Table of Elements,
respectively.



L o protess 10D SsllultalieOusly nhyarocracking, hydrodesulphurlsing,
and hydrodenitrogenating a hydrocarbonaceous feed by contacting a
feedstock which contains sulphur compounds and nitrogen compounds,
has a boiling range of more than 80% by volume boiling above 300°C,
and has not been subjected to any preparatory catalytic
hydrodesulphurisation or hydrodenitrogenatiqn, at elevated temperature
and a pressure of more than 100 bar, in the presence of hydrogen,
with a catalyst containing 'a carrier, a component of a metal of Group VIB
of the CAS System Periodic Table of Elements, a component of a metal
of Group VIII of the CAS System Periodic Table of Elements, and an
inorganic, crystalline, non-layered aluminosilicate with pores
having- diameters greater than 1,3 nm and exhibiting, after
calcination, an X-ray diffraction pattern with at least one peak at a d-

spacing greater than 1,8 nm.

2. A process for simultaneously mild hydrocracking,
hydrodesulphurising, and hydrodenitrogenating a hydrocarbonaceous feed
by contacting a feedstock which contains sulphur compounds and
nitrogen compounds, has a boiling range of more than 80% by volume
boiling above 300°C, and has not been subjected to any preparatory
catalytic hydrodesulphurisation or hydrodenitrogenation, at elevated
temperature and a pressure in the range of 25 to 100 bar, in the
presencé of hydrogen, with a catalyst containing a carrier, a component
of a metal of Group VIB of the CAS System Periodic Table of Elements, a
component of a metal.of Group VIII of the CAS System Periodic Table of
Elements, and an inorganic, crystalline, non-layered aluminosilicate with
pores having diameters greater ‘than 1,3 nm and exhibiting, after
calcination, an X-ray diffraction pattern with at least one peak at a d-

spacing greater than 1,8 nm.



