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TS 8521

?RCCESS_EOR THE HYDROCRACKING OF A
BYDROCARBQONACZQUS FREDSTCCXK

The present invention relates to a process Zor the hydro-
gracking of a hyd:bcarbonaceous Seedstock containing a relatively
low amount of nitzogen.

Theze exists a lazge number of processss for hydrocracking
hydrocarbonacecus fsedstocks and numerous catalysts that ace used in
these processes. Many of thaese processes conprise two stages, a
hydrotreating stage and a hydroczacking stage, the Twe stages
operating with different types of catalysts.

2xoduct from the first stage may be treated to zemove ammonia,
hydrogen sulphide and other light gases pzicz to being passed to tha
second stage, or product may be passed dizeczly te khe secend stage.
In this two 33ags: or series-flow mode of operation the hydrocracking
stage i3 frequenzly ssSerred to as a second stage hydcosrackasx,

Hydrosracking 15 as such a well-escablished process in which
heavy hydrocaxiens ars contacted in the presence of hydrogen with a
hydrocracaing catalyst. The temperazurza and pressure applied are
relatively high, so that the heavy bydzocarbons are cracked to
sroducts cf a lower average mclaculaxz weight and lower boiling

oint.

o

These products include gaseous material, i.e. Cy3-C4 hydro-
carbons, naphtha and a middle distillacze fraczion, i.e. a kerosine
fraction and a gas cil fraction.

Since the gaseous products are nct very much wantad and since
there is an increasing demand for middle discillates, it would be
advantagszous to have a hydrocracking process available fo:
converting hydrocarbonaceous feedscocks that shows a consicerable
selectivity towards middle distillatas and 2 low gas make.

I= has now been found that a suzprisin iy low gas maxe and a
high yf=id of middle diszillatss can »e abtained if a hydzo-

carbonaseous feedstock containing a relacively low amount of
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nitroger. is passed over a catalyst system comprising a specific
sequence of hydrocracking catalysts.

Accordingly, the present invention relates to a prccess fo:
nydrocracking a hydrocarbonaceous feadstock containing less than
500 ppmw N by contacting the feedstock at elevated temperature and
pressure in the presence of hydrogen with a hydrocracking catalyst A
and wherein at least a portion of the product so obtained is
subsequently contacted with a hydrocracking catalyst B at elevated
temperature and pressuze and in the presence of hydrogen, whezeby
the hydrocracking catalysts A and B have a RS > Z and a RA.RV < 5,

In the context of the present invention the RS (zatic of
selectivities) of twe respestive hydrocracking catalysts is defined

as follows:

selectivity hydrocracking catalyst A

selectivity hydrocrasking catalyst B

whezaby the selectivities are expressed as selectivities towards the
€1~C4 hydrzocarbons fraction {C1-C4), for conversion into 370 °Cc”
products, when the hydrocracking catalysts are applied under
particular (standard) process conditions., That is to say z2pplying a
particular cazalyst volume, temperarure, pressure, feed, space
velocity, gas/feed ratia and a reacter loading-method. The
selectivity towards Cy~C4 hydrocarbons (Sci-gs) is determined Zrom

the formula:

(C1-C4ipraduct =~ (C1-Cd) geed

5c1_c4 = . 160%
- + 1
(370 °c* goeq ~ (370 °c+'p:oduct

In the context of the present invention it is further cbserved
that the RA (ratic of activities) of twc respective Rydrocracking

catalysts is defined as fellows:
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k hvdrocracking catalyst A
RA =

k hydrocracking catalysz B

whereby k is defined as the reaction rate constant of the respective
hydrocracking catalysts, for conversicn into 370 °C™ praducts, when
applied under particular {standard) process conditions. This means a
particulars catalyst volume, tamperature, pressure, feed, space
velocity, gas/feed ratio aand reactor loading-method.

In the context ¢f the present invention it is further observed

that RV (ratio of volumes) is defined as follows:

zeactor velume lvaded witk hydrocracking catalys: A

reastor volume loaded with hydsocracking catalyst B

whereby the same particular reactor lecading-methed is applied for
both hydrocracking catalysts.

Bcth the RS and the RA are to be determined after the Lydro—
cracking catalysts have been allowed to stabilize under the
particular (standard) procass conditions.

A set of particular (standard) process conditicns as mentioned
hexeinakcove may include a temperature of 330 °C, an average hydrogen
partial pressure of 12.4 MPa (124 bar), a space velocity of 0.6
kg/l/hr, a hydrotreated flashed distiliate containing 23 prmw N, a
gas/feed ratio of 2000 Nl/kg and a dense-bed loading method.

It is expected for a catalyst system of a hydrocracking
catalyst A and a hydrocracking catalyst B that the gas wmake and the
middle distillate yield will ke the average ¢f the individual
contributions of the catalysts weighed by their respective
activities and volumes. Howevex, in accordance with the present
invention surprisingly a lower gas make and 2 higher middle
distillate yield, <han expected, can be obtained by sslecsing a
sequence of hydrocracking catalysts wherein the first hydrocracking

catalyst has a higher gas make and a RA.RV < 5.



10

15

20

25

30

-4 =

Suitadly, the hyd:ocracking catalysts A anc B are selected in
such a way that the RS > 1.1. Suitably, the hydcocracking catalysts
A and B aze selected in such a way that 1.1 < RS < 4. Prelerably,
the hydroczacking catalysts A and B are selected in such a way that
C.1 < RA.RV € 3.5, more preferably they are selected so that
.2 < RA.RV £ 2,

Suitably, tﬁe.hyd:oc:acking catalysts A aad B are selected so
that RS/RA > 1. Sultakly, the hydrocracking catalysts A and B are
selected so that 1 < RS/RA < 3.

At least part of the product obtained over hydrzocracking
catalys= A is contacted with hydrocracking catalyst B. Suitably, at
least 50% by volume of the product obtalined over hydrocracking
catalyst A is contacted with hydrocracking catalyst B.

Suitably, at least part of the product cbtained over
hydrocracking catalyst A can be recycled tos hydrocracking
catalyst A. _

Suitably, at least part of the product cbtained over
hydrocracking catalyst B can be recycled to hydrocrackirg catalyst A
and/or hydrocracking catalyst B,

Suitably, the corplete product obtaired over hydrscracking
catalyst A is contacted with hydrocracking catalyst B.

The hydroeracking catalysts A and B, respectively, can ke
arranged in one or more beds with hvdrocracking catalyst A and one
sr mere beds with hydrocracking catalyst . The bed oxr beds with
hydrocracking catalyst A and the bed or beds with hydrocracking
catalyst B can be arranged in one or more reactors. Suitably, the
hydrocracking catalysts A and P are applied in stacked-bed
configuration.

Suitably, the RV < 5, preferably in the range frem 0.1 to 2.

Suitably, the hydrocracking catalysts A and B are selected in
such a way that RA < 4. Suitably, they aze seslectad ir such a way
that 1 < RA £ 4, '

preferably, the process is carried out in such a way that the
product obtained over hydrocracking catalyst A comprises at least
508 by weight of 370 °C” products.
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Suitably, the p?asent process i3 cazried out in such a way that
moxe than 30% by weight conversion cf 370 °C * beiling point
material is established. Preferably, more than 40% by weight
conversion is established. Suitably, the amount éf C1-C4
hydrocarbans produced is less than 20% by weight on feed.

The hvdrocracking catalysts A and B may be any conventional
hydrocracking catalyst provided that both the RI and RA,IV fulfil
the zequirements as set out hereinabove. For example, the
hydrocracking catalysts A and B may be fresh and regenerated forms
respectively of the same catalyst.

Suitably, the hydrocracking catalysts A and B comprise a
suppcrt conprising a large pore molecular sieve and a binder.

The molecular sieves have pores large: than 6 A, preferably
bezween 6 and 12 A, Suitable wide pore molecular sieves are
desczibed in the book Zeolita Molecular Siasves by Donald W. Breck,

Robest E. Krieger Publishing Co., Malabar, Fla., 1984. Suitadble wide

pore molecular sieves comprise the crystalline aiuminrosilicates, the
crystalline alumincphosphates, the crystalline
silicaaluminopnosghates and the crystalline borosilicates. Ereferred
are the crystalline aluminosilicates or zeolites. The zeolites are
prelerably selected from the group consisting of faujasite-type and
mordenite-type zeolites. Suitable examples of the Zfaujasite-type
zeolites include zeolite ¥ and zeclite X. Other wide pore zeclites
such as z¢olite L, beta and omega c¢an also be used alene cx in
combination with the more preferrzd zeolites.

The most preferred wide pore zeolite cemprises a zeolite Y,
preferably an ultrastable zeoliite Y (zeolite USY). The uitrastable
zeolites used herein axe well known to those skilled in the art,
They are for instance exemplified in US 3,293,192 and US 3,449,079,
They are generally prepared from sodium zeolite Y using one ox mcre
ammenium ion exchanges followed by steam calcinaticn.

Suitably, hydrocracking catalysts A and B each comprise a wide
pore zeolite. Preferably, both hydrocracking catalysts A and B
comprise a zeolite ¥, particularly a modified zeolite Y having a

unit cell size below 2.445 nm {24.45 A). In the latter case,
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hydrocracking catalyst A has preferably a content £ zeolite ¥ which
is at least equal to the zeoliie Y content of hydroczacking catalyss
B. In other wozds, the ratic of the zeclite Y sentents of
hydzocracking catalysts A and B {¥1/Y¥2) is at least 1. More
preferably this ratio is in che range from 2 tTo 12,

Hydrocracking catalysts A and B may each compzise an amount of
zeolite Y in the range from 1% to 353 by weight, based on total
support.

Hdydrocracking catalysts A and B will each fuxther comprise at
least one hydrogenation component of a Group VI metal and/ar at
least one hydrogenation component of a Group VIIZ metal. Suitably,
the catalyst composition according to the present invention
comprises one ox more components of nickel and/sr cobalt and one oz
more cowponents of molybdenum and/or tungsten oxr one or more
components of platinum and/or palladium.

The amount(s) of hydrcgenation component({s: in the
hydrocracking catalysts is preferably in the range fzom 0.95 to 10%
by weight of Group VIII metal corponentis) and frem 2 to 4C% by
weight ¢f Group VI metal component{s}, calculatzd as metalis) pex
109 parts by weight of total catalyst,

More preferably, the amount(s) of hydrogenation compozentis} in
the hydrocracking catalysts is in the raage frem 0.5 to 8% by weight
of Group VIII metal component(s) and from 1C %o 25% by weight of
Gfoup VI metal compenent(s), calculated as metali{s) per 10D parzs by
weight of tetal cacalyse,

Preferably, the total amount of hydrogenaticn componesnt(si in
hydrocracking catalyst A is equal te or less than the total amount
of hydrogenation component(s) in hydrocracking catalysZ 3. In ochar
wards, the ratio of the amecunts of hydrogenatien somponentis) in
hydzocracking catalysts A and B (hA/RB) is at most 1. Mare
preferably, hA/hB is in the range from 0.5 to .. In a vexy
attractive embodiment of the present inventice hA/hB is less than 1
whereas Y1/YZ is more than 1. In a preferred embodiment of the
present invention hA/RB is in the range frem C.5 Ttz 1 whexzeas Y1/¥2

is in +he zange from 2 to 12.
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The hydrogenation camponents in the hydrocracking catalysts may
be in the oxidic and/o: sulphidiec forzm, in particular in the
sulphidic form. If a combination of at least a Group VI and a Group
VvIII matal component is present as [mixed) oxides, it will normally
be subjected tc a sulphiding treatment prior to proper use iz
hydroczacking.

Suitably, the supports of hydrocracking catalysts A and B may
comprise a zeolite ¥, a binder and/or a dispersion of silica-alumina
in an alurina matrix.,

Preferzably, the support of hydrecrackiny catalyst B comprises
less than 25 by weight of the zeolite Y, wmore than 23% by weight of
binder and at least 30% by weight of the dispersion.

Prefezence is given to supports of nydrocracking catalyst B
comprising less than 15% by weight of the zeolite Y.

zeferably, the support of hydrocracking catalyst B has a
binder/zeolite Y weight zatie in the range from 2 to 40.

Suitably, the support of hydrocracking catalyst B comprises 40
to 70% by weight of the dispersion:

Suitably, the alumina matrix comprises a transitional alumina
matzix, préeferably a gamma-alumina matrix.

The binder{s) present in the supports of hydrocracking
catalysts A and B as descritied hereinabove suitably comprise
inorganic oxides or mixtures of inorganic¢ eoxides. Both amorphous and
crystalline bindexs can be applied,

Examples of suitable binders comprise alumina, magnesia,
titania and clays. If desired, small amounts cf other inoxganic
oxides such as zircenia, titania, magnesia and silica may be
presen®. Alumina is a preferred binder.

Suitably. the crystalline alumonosilizate of the zeolite Y type
to be applied in hydrocracking catalysts A and 3 comprises a
medified zeolite Y having a unit cell size below 2.435 am (24.35 A),
a degree of crystallinity which is at leasz retained at increasing
$10,/A1,03 molaxr ratios, a water adsorption capacity {at 25 °C and
p/pg value of 0.2) of at least 8% by weight of medilied zeolite and

a pore volume of at least 0.25 ml/g wherein between 10% and 60% of
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the tozal pore volume iz made up of pores having a dia=eter cf at
least 8 nm. This cype of modified zeolite Y has been descriked in
detail in =2-B-247679, which is hezein incorporated by zeference.

2referably, between 10% and 40% of the total poIe volume of the
modisied zeolite Y is made up of pores having a diametez oI ac least
8 nm.

Suitadly, the modified zeolite Y has a water adsozpzisn
capacity of 8 %3 10% by weight of modified zeslite.

2ralezably, the modified zeolite Y has a SiOp/Al303 molar ratio

in the range Zrem 4 t3 2%, wmore preferably in the raage fzem 8 o
1%

Surzadble process ccnditicms fer the pressnt hydrscsacking
FIocess comprise temperatuzes in the range frem 250 to 509 °C,
hydrogen pazzial pressures of up to 30 MPa (300 bar} ané space
velocities In the range fzem 0.1 to 13 kg feed per litre cazalyst
pex heur (kg/l/hrl. Gas/feed razics in the range £xem 109 to
5000 N1/kg can suitably be applisd. Preferably, the present
hydrocracking srocess is carried ouz at a temperatirs in the riange
from 30C to 45C °C, a hydrogen pazsial pzessurs ir the zange fzom
2.5 t3 29 M2?a (25 to 200 bar) and a space velccity in the range from
0.2 to 5 kg Zeed per litre catalyst per hour. Prefexably, gas/feed
Tatios in the range Ixom 230 to 250C Nl/kg aze applied.

Feedstocks which can suitably be applied in the prccess
according to the present invention comprise 21l sorzts of
hyd:oca:boaaceods feedstocks as long as they fulfil the requiremenz
to contain less than 500 ppmw N. Suitably, the feedstock contains
less cthan 200 ppmw N. Suitably, the feeds-ocks comprise gas oils,
deasphalited ¢ils, coxer gas oils and other =—hermally cox
catalyzically cracked gas oils aad syncrudes, cptionally originating
from tar sands, shale cils, residue upgrading processes or siomass
Qr comeinatizsns thereof, which may.have beexn nvdrotreated befoze
meing contacted with hydrocracking catalysz A, The feedstocks can
for instance suitably be centacted wish an alumina containing
hydrotreating catalyst pziox to contact with hydrotreating catalyst

A. The feedsTock will generally be sush that a Mmalor parc, say oves
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50% by weight, has a beiling poiat above 370 °C

Suitacly, the complete praduct obtained £Is: such a hydro-
treasing scep is appiied as feedstock in accordance with the present
inveatizn,

Iz an attractive embodiment of the present inventicn use is
made cf thzee rgeaction zones arranged in sezies whereby the complete
effluent from a fizst Teaction zone is passed to a second reaction
zone, and the complete effluen: from the second reaction zone is
passed to a third zeaction zone. The #irst reaction zone comprises
an amorphous hydrotzeating catalyst as desczivecd hereinbefore, cthe
second reaction zone comprises a fizst zeolitic aydrocracking
catalyst whiczh contains at least ore metal of Group VIB and/or at
least cne metal of Guoup VIII, and the third reaction zone comprises
4 second zeclitic hydrocracking catalyst which contains at least one
metal oI Group VIB and/or at least cne metal of Group VZII. The
zeolizic hydrocracking catalysts fuifil the RS and RA.RV
requirements in accozdance with the invention.

A hydrotreatment as described heresinabove and the process
according to the present invention can suitably ke carried out in
reactors in serxies or in a stacked-bed conZiguration.

In anothexz embodiment of the present invention thre process is
carried out in a two-stage mode cf hydrecracking cperation. In this
type of operation the effluent cbtained Srom the first reaction zone
comprising an amorphous hydrotreating catalvst is subjested to a
separaticn Lreatient o remove from the effluent a gaseous phase an
a liquid phase including a naphtha and a mizddie distillate fraction.
The remaining effiuent .s sudseguentiy subjected %o the process
accerding to the present invention, whereby at least a part of the
residual frastion obtained is recycled to hyd:ocrackinq catalyst A.

The hydroca:bonaceoﬁs feedscock may be the effluent obtaired
frem one o: moxe hydrocracking stages azranged upstream in respect
of hydrocracking catalyst A. The product ottained from hydrocracking
catalys: 3 may subsequently be contacted with a furzher cazalyst,

for instance, an amorphous silica-alumina containing catal yst.
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The p:;sent invention will be further understcod fzom the
following illustrative example.
Exarmple I

A heavy vacuum gas oil feed having a sulphur content of 2.0 %w
{as determined according to standard test method ASTM D2622), a
nitrsgen content of 1000 ppmw (as determined accerding to standard
test method ASTM D4623), an initial boiling point of 24C °C, a 50%
boiliag peint of 470 °C and a final boiling point in exXcass cf 540 °C
is firzst hydrotreated in the presence ofﬁc-424 catalyst (ex
Criterion) to reduce the nitioqen content o less than 200 pprw.

The hydrotzeated feed so obtained is thex contacted, in a once~
thrzugh operation, in a stacked bed reactor at a temperaturs of
400 °C, a hvdrogen partial pressure of 10.3 x 363 Pa {1C$ bar; and a
space velocity of one (1) kg of feed per litze of catalyst per hour
(kg.1"1.n"1) with a first bed of hydrecracking catalyst Z-713 (ex
Zeolyst Xnternationall ({Catalyst A) and then with a second bed of
hydrocracking cataiys: Z-803 (ex Zeolyst Inteznaticpnal) (Catalyst
B). The ratio cf the selectivity of Catalyst A to the selectivity
¢f Catalysz 3 (RS} is 5.2/3.1, i.e. 1.7. The ratic of the activity
of Catalyst A to the ackivity of Catalyst B (RA}] is 0.95/0.19, i.e.
5.0, and the ratio of the Catalyst A reactor volume to the Catalys:
B reactor volume (RV} is 125/175, i.e. 0.7. Thus RA.RV is 3.0 2 0.7
= 3.5,

The distribution of 300 °C” product (in %w based cn total feed!

at 96% conversion 13 as fcllows:

Cl - C4 H 6.4
Cg - 150 °C t 37.6
140 °C - 300 °c : 53.8

Comzarison Example

15 Sxample Y is repeated but using hydrocracking catalys: 2-603
in the first catalyst bed (Catalyst A'} and hydrocracking catalyst
Z2-713 Lﬁ the second catalyst bed (Catalyst B'), them RS is 3.1/5.2 =

0.6, RA is 0.13/0.95 = 0.2, RV is 175/125, i.e. 1.1, and RA.RV is
0.2 x 1.4 = 0.3.
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In cthis case, the distribution of 300 °C™ product
on total feed) at 96% conversion is as follows:

"t
.,—:
]
w
b
o
.}
[
[
[+

Cl - Cy4 : 7.0
Cz ~ 150 °C s 37.6
140 °C - 300 °C : 33.2

Thus, the above rasults clearly demonstrate that by using che
process of the present invention in whlich a particular saquence of
rydrocracking catalysts is empleyed such that RS > 1 and RA.RV < §,
iz is pessible to achieve higher yields of middle distilliazes with
lower gas make compared to processes where one cr both of the RS and
RA.RV values do not fulfil the above requiremenss.
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CLAIM 5.

1. Process for the hydrecracking of a hydrocarbonacecus feedstock
containing less than 30C ppmw N by contacting the feedstock at
elevated temperature and pressure in the presence of hydrogen with a
hydrocracking catalyst A and wherein at least a por:iien of the
product s¢ obtained is subsequently contactad with a hydrecracking
catalyst B at elevated temperature and pressure and in the presence
of hydrogen, whezeby the hydrocracking catalysts A and B have a RS =
1 and a RA.RV < 5.

2, Process according to claim 1, wherein the hydrocracking
catalys<s A and B are selected in such a way that RS > 1.1.

3. Process according to claim 1 or 2, whexein the hydrocracking
catalysts are selected in such a way that 0.1 £ RA.RV £ 3.5.

4. Process according to Qny one of claims 1 zo 3, wherein at least
50% by volume of the product obtained cver hydrocracking catalyst A
is contacted with hydrocrasking catalyst B.

S. Process accoxding to any one of claims 1 to 4, wherein the
procduct obtained over hydrocracking catalyst A comprises at least
80% by weight of 370 °C™ products,

6, Process accoxding to any one of claiﬁs 1 =2 8, wherein
hydroeracking catalysts A and B each comprise a wide pore zeolicze.
7. Process according to claim &, wherein the wide pore zeolite is
a zeolite Y.

8. rocess according to claim 7, wherein the ratie ¢Z the zeolite
Y contents of hydrocracking catalysts A and B (Y1/Y¥2) is at least 1.
9. Process according to claim B8, wherein Y1/Y2 is xn the range
from 2 to 1iZ.

10, Process accoxding to any one of claims & t> 9, wherean the
hydrocracking cataiysts A and B each further comprise a binder and

at least one hydrogenation component cf a Group VI and/ox Group VIII

metal.

1:. rocess according to claim 10, wherein hydrocracking catalyst 3

L
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comprises less than 25% by weight of zeolite ¥, more than 25% by
weight of bindezr and 2t least 30% by weight of a dispersion of
silica~ailumina in an alumina matrix, calculaced per 100 parts by
weight of total suppozs.
12. Process according to any one of claims 7 to 11, wherein the
zeolite ¥ comprises a4 modified zeolite Y having a unit cell size
below 2.445 nm (24.45 A},
13. Pxccess acecording to claim 12, wherein zeolite Y ccmprises a
modified zeolite Y having a unit cell size below 2.435 nm (24.35 4},
a degree o2 crystallinity which is at least retaired at increasinag
$i0y/Al;03 molar zatios, a water adsorption capacity {at 25 °C and
p/pg value of 0.2) of at least 8% by weight of medified zeclite and
a pore volume of at least 0.25 ml/g wherein between 10% and 60% of
the total pore volume is made up of pores having a diameter of at
least 5§ nm.
14. ?Process according to claim 13, wherein between 10% and 40% of
the total pore voiume of the modified zaolite Y is made up of pores
having a diameter of at Jleast 8 mm.
15. Process according to claim 13 or 14, wherein the modified
zeolite ¥ has a water.adsorpcion capacity of 8 to 10% by weight of
modified zeolite.
16. Process according to any one of ¢laims 12 to 15, wherein the
modified zeclite Y has a 5i0y/Aly03 mclaxr ratie in the range from 4
to 25.
17. Process zccording to any one of claims 10 to 16, wherein the
hydrogenation component comprises at least one component of nickel
and/or cobalt and at least one ccmponent of molybdenum and/ox
tungsten or at least one compoment of platinum ard/or palladium.
18. Process accerding to claim 17, wherein the hydrogenation
component comprises from 0.5 to 10% by weight of nickel and from 2
to 40% by weight of tungsten, calculated as metals per 100 parts by
weight of total catalyst.
i9. Process accoxding to any one of claims 1 to 18, which is
carried out at a temperature in the range from 250 to 500 °C, a
hydrogen partial pressure up to 30 MPa (300 bar) and a space

* [+ L L S *
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r l. catalyst
velocity in the range frem 0.1 to 10 kg feed per litre of y:

per hour.
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