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CATALYST COVPCSI TI ONS AND THEI R USE | N HYDROCARBON
CONVERSI ON PROCESSES The present invention relates to

2tat al yst - wo&sbesi tions and hydrocarbon conversion procgSsgsvelosssz

whi ch they are used. O the many conversion processes known in
the 5 refining art, hydrocracking has assuned a greater

i mportance over the years since it offers the refiner pr oduct
flexibility conmbined with product quality. There has been
consi derable effort devoted to the devel opment of hydrocracking

cat al ysts which conbine 10 CAFALESACROMROSETIIONS WNRi t h a | ow t endency
to overcrack t o £16 ety RYBRYEARBAY LoNvERMION PHbEESSESSS

val uabl e Cerr]-Cerr] gaseous by-products. erosene or
gas oil (mddle distillates) are often the desired products of a
hydr ocr acki ng pr ocessThd presentHineept j o yrkletresc liongatalgbysts with a high
selectivity myclalok _Low; cracki ng
activity. Such cat aTISt’/sts %&eﬂa&gﬂl Cgﬁ#ﬁ&%ﬁé@%%ﬂ a o BQE?F%F%,I ctive -
cracki ng conponenvhieRHehay f¥e used. " g yninosilicate, especially a Y

zeolite corrponent 2be the manyl E:omeli-dld&e piRfddsdest khowhayf €he

hydrocrac i ng_sti further

i npr oved act | vity, e%nﬁ?% acgab?%v%qfaﬁl%esum%\é gﬁggk?ﬁbl e to have
a midde distill a%@%%#%’t‘iq \%’er the Yeﬂ%rm@itn@féﬁﬁél tbe nefimerbetter
activity. 25 produéﬁ fI%ﬂﬂb@WﬂtyecembiﬁéHndﬁih*ﬁioaﬂ%t7aﬁaﬂﬂéy

EP- B- 559 646, to for %Slst ?%Fgf t%lgeﬂ%ber?%ﬁ?;?&oé‘?xﬁ?ﬁn{ noshl [ cat es,

ayY zeolite and zeoli
development of hydrocracking catalysts which combine

10 high cracking activity with a low tendency to overcrack
towards light products and, in particular, less valuable
C1-C3 gaseocus by-products. o

Kerosene or gas oil (middle distillates) are often
the desired products of a hydrocracking process. ‘

15 However, hydrocracking catalysts with a high selectivity
towards middle distillates tend to have a low cracking
activity. Such catalysts are typically based on a '
single, active cracking component such as an
aluminosilicate, especially a Y zeolite component.

20 It would be desirable to have a hydrocracking
catalyst with a low gas make having still further
improved activity. More particularly, it would be
desirable to have a middle distillate selective
hydrocracking catalyst having better activity.

25 It is known, e.g. from US-A-5E 279 726 and
EP-B-559 646, to form composites of two different
aluminosilicates, a Y zeolite and zeolite beta, for
use in hydrocracking.

More specifically, in US-A-5 279 726 a hydrocracking
catalyst is disclosed having high activity and



More specifically, in US-A-5 279 726 a hydrocracki ng catalyst is

di scl osed having high activity and WO 97/ 20016
§E'CT/ EP96/ 05352 , - 2-

electivity f &g ne which conprises a hydrogenation nent
on a catal yst g‘L‘fjpport conprising both zeolite bet a a%‘é”%"%%& ite
having a unit cell size above about 2.440 nm (24.40 Angstrons), the
zeolites usually and 5 preferably b'éi?]g' in further conbination with a

, ' I . OXi de. .al .um na, . Th
PO TR TR S A Fyoscmmmpsion,
mol ar ratio of atompeawnt]l®rug catadpst support mampyisiagabeyhnzesedite t han

40 and nost prefgg@bland & theeblite ha{rf\ﬂ?&a(linﬁ@ de1138ize PaBbes aldadut t he
zeolite beta has_a ize m crog}}gloo to 700

crystal .1 to0.Q.7
nm, a s%rr"f“a&é‘“hr@a?‘# g‘ﬁ@ﬁ?ﬁ%ﬁ ’ r?fol%"r 35 15RE BSBILIB R ne -
adsor pti & capagntefexfally tbeid§ ghlf0rgher combinationTwétk aepdrdwes used in
the catal yst SUPHELIoHNel Yetltlaktbly oxiddaSuch Wl la1GRihali 26 Detween 2. 445

and 2.464 nm (24.45 .and_24. 64 Angstrqns) and, typically, a sorptive
capacity f orThE EECHESobrt L “‘E%g[%‘i‘ rij}E? é’l"i’d"aiyﬁfp UDRPYe RAS R 1 of
at | eastsilhicay {palunrdnta mplari gatjo o axdealsktf Ledupyto 100,

L2Y- 82 and L2Y- 8,2 90ldidie 30 e mare thbbfo Sl SobtOpeaehpupty o il ©

exanpl e which preparation and testf
hydr ocr i ng range Q2 & $0nzunBEeleraply ( jhe Zgelide Petakas B and

four v (4)crﬁida10fsilsz€o(fabah.)/BbgOC'Dr!h:Béﬂﬁﬂ (1o® tanwoanmin} @&nd

type o ydr oge | elpslely u ' 26l i ei cat al yst
supports. Cat a%%%%_ont% %gtd%gacg?aiaaéte‘ﬁ ﬁg dhd Qsﬁé’ﬁ%rg?e’é?ngo %wv zeolite
beta (silica to 208RKRidafp|caPacity of 15:t9 2%)3/40P 86 ow al umi na; Catal yst
2 contained a Thee & depdtiteunpedt inftkd Sava1saiti sapboit Hretexxblyo

al umina ;g WD A Al 2edD) 8129 Rlthéend o 280 1 0SlikhCAn! 22! 44N N2
' -~ and 24.64 Angstroms) and, typically, a sorptive capacity
for water vapour at 25 °C and a p/pp value of 0.1 of at
least 15 %w {per cent by weight), as exemplified by
LZY-82 and LZY-84 zeolites.

20 US-A-5 279 726 contains a single example which
details the preparation and testing of four hydrocracking
catalysts numbered one (1), two (2), three (3) and four
(4). All of the catalysts contained the same amount and
type of hydrogenation components but differed in their

25 catalyst supports. Catalyst 1 contained a catalyst
support of 80 %w zeolite beta (silica to alumina molar
ratio 26} and 20 %$w alumina; Catalyst 2 contained a
catalyst support of 40 %w zeolite beta (silica to alumina
molar ratio 26), 40 %w LZ-10 zeolite (silica to alumina

30 molar ratio 5.2; unit cell size 2.430 nm) and 20 %w
alumina; Catalyst 3 contained a catalyst support of 40 %w
zeolite beta (silica to alumina molar ratio 26), 40 %w
LZY-82 zeolite (silica to alumina molar ratio 5.7; unit
cell size 2.455 nm) and 20 %$w alumina; and Catalyst 4

35. contained a catalyst support of 80 %w LZY-82 zeolite



30 molar ratio 5.2; unit cell size 2.430 nm and 20 %w

al um na; Catalyst 3 contained a catal yst support of 40 %w zeolite
beta:(silica to alumna nolar ratio 26), 40 %v - LZY-82 zeolite
£silica to al ungy E‘Pll ratio 5.7; unit cell size 2. 4% Ilf???éo d 20
%v al um na; and st 4 35 contai ned a catal yst support o

LZY-82 zeolite WO 97/ 20016

PCT/ EP96/ 05352 - -3- (silicato
alumna nol ar rati si‘flaa y&'agg‘ﬁ&la $1odSr ratio 5 5 27 AR eedhd gge%v

al um na. Cat al ysté Fative cat aI S whi | st
Catal yst 3 was a 2af55ymm) and 20 % @dMEiRg-t o %WY%ﬂtﬂl c?nand54 were
Wien the hydrocr agkhpar@eiverdmiisestef whitstatatybist 3 was a watalgssessed
under second stage S&Ly es ro lgq%h%n%ggn (referred to in US-A-5
279 726 as first §F33§ Q) inder ammoni a-rich conditions),
the result$ in Tabl e When the hydnggma#klmg peviexmanceznof] yie gabalyses

i nvention yiel dedydfe assedBie R Id&%ohhaacwﬁéyslw ondlit dohd
comer ci al ﬁ%E}sol e hydr%: a_g 299 Zé W|th somatﬁ_lmlu ngn
4 e = g Sthdee

reduction in the
Simlarly, EP-B-5 ﬁﬁdén&mmimla dq:pdn@cpaek; nghe resulta:amﬂ‘glbﬂ.ehw; ng

high activity andegghgitidi dnow Q'_rhal:5Catal esglwetmméi&%w @Elﬁﬁd
hydrogenatlon conponent o conpr|3|n

zeolite btfa and jore gaso %ﬁ%ﬂqﬂﬁquﬁﬂggaya§§8? ¥%€ ¢ 42 &9 5FF1§}I|ca
to ~al um ngasol ime rizydroqrazkting chaalgsO) wﬂ&hasnnqnsﬁnghny
further contain anﬁﬁQHfon'Iﬁ”éﬁﬂ”éhdﬂikr%@t@£y?$ é%%tea ugzgr°ducﬁas

alumina or silica*~
catal yst support has $imilarly, ER-B-$58,64fF Fifelofg Myidrecsrckingeast 10

up to 100, catalygt dievidy \high mtdvibgnadd selkomistity €oerably in
h P
the rangeg§£of£’:6é %ﬁ:&-cl% Oc%di‘:{p%%@sya ﬁggr%&ééforp%p%?én@ én a

crystal S|ze of 0 g
: , - catalyst support comprising both’ zeolite beta and a

dealuminated Y zeolite having an overall silica to
alumina molar ratio greater than 6.0. The support may
further contain a porous, inorganic refractory oxide such -
20 . as alumina or silica-alumina. :
The zeolite beta used in the catalyst support has a
gilica to alumina molar ratio of at least 10 up to 100,
but preferably no more than 40 and most preferably in the
range of 20 to 30. Preferably, the zeolite beta has a
25 crystal gize of 0.1 to 0.7 micron (100 to 700 nm), a
surface area of 500 to 800 m2/g and a cyclohexane
adsorption capacity of 15 to 25 g/100 g.
The dealuminated Y zeolite used in the catalyst
support preferably has an overall silica to alumina molar
30 ratio between 6.1 and 20.0, and most preferably between
8.0 and 15.0. The unit cell size for the dealuminated Y
zeolite is normally between 2.440 and 2.465 nm (24.40 and
24.65 Angstroms). The preferred dealuminated Y zeolites
to use are the LZ-210 zeolites as described in
35 US-A-4 503 023 and US-A-4 711 770.



.surface area of 500 to 800 nferr]/g and a cycl ohexane adsorption
capacity of 15 to 25 g/100 g. The dealum nated Y zeolite used
in the catalyst support preferably has an overall silica to al um na

"ol ar 30 hemdetween 6.1 and 20.0, and nost preferabl tween
8.0 and 15. O.W'EI!%Z ﬂ’rl\it cell size for the dealum nated Y l'\é"rpﬁ''z"é?fl"’?’te i's

normal |y between 2.440 and 2. 465 nm (24. 40 and 24. 65 Angstrons).
The preferred dealum nated Y zeolites -4 - to use are the LZ-210

zeol ites as describgd in 35 . -singL_'ﬂé' éxémEPQ Pr?%ﬁ‘-%.ﬁ%épgéﬁogéégﬁm

WO 97/ 20016 : . . : _
- 4- detghle cthe prepaxstdonxang| beshimp-of FMrs hydwberacking

details the prepataiydbs anshbesdd %eOf(1§9UEWQYﬂIP,Crt§fQ€é2Q3) APRd fogﬁt al ysts
Catalysts cont athba' Che xoffhe caraiyahe gSftaingg rhe, oltpqamgunt 164
conponerfi s but t¥p¢eptchydragrsiation compopents yut sliffferes iGatheyst 1.
contained a catghysiyst suppox&.lepo"CEthngQ W&Miﬂcﬁ %e%g:gg&kl:ca to

al um na nol ar ragi 6) and.20 %w al un pa; . cont ai ned a
catal yst suppor BUBPOBH ‘%vagoeg’ﬁ'? #EOYtE PEFR| g%"f’d:aaltlﬂﬁaﬂ-&mﬂ}a molagp| ar
ratio 26), 50 %atic226) zaul i20 ¥wsialuninap Catadyst 2 conltaiﬁaaaa ratio éz;
unit cell size ,m 0 1,04a; .3l,yst ntained a
cat al yst suppor%ag%i%%q/zv 12t"0°é,v23gol%}"t ge%g%%@}g % S%B‘t?%xél ﬁrgn %gu%'l‘%r '
ratio 26y, 50 ofplar ratiq 26)y AOyfw 2319 2epkirenl (BkliganbPapluning 5. 2;
unit 15 . cehblar zeat?iclAR Nunizndeld Sfeel 24413 mdnandatol a(rﬁtlfl t
contained a cat JU[eaToly 0.9 - 82 z_qg!_ '| : (s o]

al um na nol ar r%’%‘%%%é'?;_ unéllt}%ej%l cé?lgégeé _a .l% r?r'ﬁ’pgﬁ'd' Eg ég/a"w

al umi na.  Cat al y&§Qlite Pehqy (pifdce to aluminy pplan irprieals) ysb8 Wil st
Cat al yst 2 was BZ€bl atesYit2) (silicaceor divgin®d idlar Pagibi 802; unit

when thg hydrocgaeki 00, £&f TLdHGandf 2b Néw CHMMES ana catalyst 4
' o contained a catalyst support of 80 %w LZY-82 zeolite
(silica to alumina molar ratio 5.7; unit cell size
2.455 nm) -and 20 %w alumina. Catalysts 1, 3 and 4 were -
comparative catalysts whilst Catalyst 2 was a catalyst
- 20 according to the invention.
When the hydrocracking performances of the catalysts
were assessed under second stage series-flow conditions
(referred to in EP-B-559 646 as first stage simulation
under ammonia-rich conditions), the results in Table 3
25 show that whilst Catalyst 2 of the invention produced the
highest yield of gasoline of the catalysts tested, it
also produced a significant amount of undesired C;_.C3
gaseous by-product. Indeed, Catalyst 2 produced more
gaseous by-product (i.e. had a higher gas make) than

30 comparative Catalyst 4 (a commercial gasoline
hydrocracking catalyst) which is known to yield high gas
makes.

In WO 94/26847 a process is disclosed for
simultaneously hydrocracking, hydrodesulphurising and
35 hydrodenitrogenating a hydrocarbonaceous feed by



wer e assessed under second stage series-flow conditions (referred

to in EP-B-559 646 as first stage sinulation under anmoni a-rich
conditions), the results in Table 3 25 show t hat whil st Catal yst 2 of
the invention Ry@9usewfs t he hi ghest yield of gasoline pérkisgosssz
catal ysts tested, it al so produced a significant amount of
undesired Cerr]-Cerr] gaseous by-product. Indeed, Catal yst 2
produced nore gaseous by- product (i. & ~had a hi gher gas nake) t han
30 conparative

Ca 4 al qgasol lne rocr.acki ng
catal yst) which i §°Pﬁ8 ? 57(’%‘1%%]‘?1‘95’2%"&" g"ngalﬂik%lglphur COX‘POHH ds|', WO
94/ 26847 a procesanldsndtsogesedommund& has @i bolilingoxsrige mfdmoreatkang,

hydr odesul phuri si g Qdeéﬁlzz.%%laM RN il 0gRRahAS Inde YU GRIIRRREA0HS

feed b 6
PCT/EP%6/05352 any preparatory catalytic hydrodesulp@prlsatlon ©Tcont acti ng

a feedstocB whi chlwdurbdenstmgmmmmledsvated tempenchthirter @mpen
conpounds, has a g,%gh{mera Ggﬂs%&éaaef hgdro%eﬁo wht Py 'aa%lggeve 300

[err]C, and has n een_su ecte reparator catalfytic
hydr odesul phur i sacPgkasping 2 carpiny SHek PFOS&H&%P%rPr a?ﬂeﬂcérétlé‘!!lma:
tenperature and Group VPBemEtdE,cdmpdrient)r asapeapoVIly diergan cotipbhedt,

%afaﬁky\s/fe reta (S0 BT HGrGaE R, | GiyatdaLiBe, SuliL fayfted! | cO- XL AR, @
i nor gani c10cryst alalli-lﬁén°ﬂ6ﬁ1?%§r%r"é’cﬂ'10’°res of| 9#?%%?%9:’&%‘%}% thapor es of
di aneter greater thannm and exHilitindgnGieek batlt:ﬂﬁatﬂéﬁ,erarcad-@aQat ion, an

X1 ay O 1 43¢Lh00s BAT LS Ceatl Lo oe3300NGnRSRaIR oA 02000,

greater than 1.8 nm'S as a m nosi | ica
93/ 02159, in part ig¥ephert hbansl.8 nm gugh asspni aduvinesi Hinated asCM 41,

Al though it is indegateBednifome 973/d21rm 18 partfcefar the WO 94/ 26847
t hat othe&snolecul umihgggflgagé 5%51gnated MCM-41.
Although it is indicated in Page 7, lines 15 to 19 of

WO 94/26847 that other molecular sieves may be '
incorporated into the catalyst in addition to the
aluminosilicate, such as Y zeolites, ultrastable Y

20 zeolites having a unit cell size (ay) of from 2.425 to
2.440 nm (24.25 to 24.40 Angstroms), zeolite beta,
mordenite, and materials of the ZSM-5 type having a
silica to alumina ratic in the range of 12 to 300, there
are no examples in WO 94/26847 of the preparation and

25 testing of any such composite catalysts, nor any
suggestion to use a specific zeolite beta for this
purpose.

Furthermore, it is known from WO 91/17829 to

hydrocrack feedstocks using a catalyst which comprises a

30 hydrogenation component and a support comprising zeolite
beta and a ¥ zeolite having either (i) a unit cell size
below 2.445 nm (24.45 Angstroms) or (ii) a water vapour
sorptive capacity at 25 °C and a p/pg value of 0.10 of
less than 10.00 %w, the zeolites usually and preferably



i ncorporated into the catalyst in addition to the al um nosilicate,

such as Y zeolites, ultrastable Y 20 zeolites having a unit cell size
(af[err]) of from2.425 to 2.440 nm (24.25 to 24.40 Angstromns),
Zeolite beta, nordenite, and materials of the ZSM5 ¢t hwnga
silicato al u%orﬂn?oé?lo in the range of 12 to 300, there %

exanples in WO 94/ 26847 of the preparation and 25 testing of any such
conposite catal ysts, nor any suggedt+ton to use a specific zeolite
beta for this pur pose. Furthernore, it is known from W
91/17829 to being h’y%lr@ﬂ?rtétﬁlf Compinatan (M1 Hy %mWsﬂnﬂﬁgéhleorrprl ses
a 30 hydrOﬁéﬁﬁid:t&ﬁr}ecdﬁifalef&ac&ndsaaiukﬁﬁﬁﬁl corrprl sing zeol.ite

beta and a Y zeolit haV| a_ unit e 2. 445
nm (24. 45 Angstrons r}% tb\ﬁg?eg’ égﬁr&lrm € ca%?é‘ryﬁf'l 58"985%5???/ at 25
Cand a p/p[errd séluea ofo Glumiga molar ratigsof rath 1EReB0 1%wupt he @0} ites

usual Iy @and pr ehgt apr&ferably no more Eﬁbﬁ74@cﬁﬂﬁ5most preferably in the

PCT/ EP96/ 05352 t}f g’g) % grt hgi le%l natll %n \g g Borous

i nor gani c range53%r TEGERABSEY o ite beta has 3pe zeolite
beta present incrystahtsizstofs@ppote Ra% micron (XD0siti FA0t amd |, uai na nol ar

ratio of al | eaghrifbdiuida K0S00>to spoliit/grGleA L 1BACELE han 40 and

nost preferably |n %% 37? P y the zeolite
beta has a a 5°36P'9%‘P’élca§af’ét(¥f 35t 8202y MHP-(100 to 700 nn), a
surfacel@rea of 500rrefdfifedi{Yerzepldtesdta uyelaletdse meetingablsohpdf on

capacity of 15 ﬁzé?‘%el%‘ﬂu%%‘e“g (i) angei& £y, et I@)%thggs to, use are

t hose neeting bot requi rerre nts for
exanpl e, ultrahydzrrhahichi%c WHPuMb T§OLLLAT 1A% ease“mé#gpfif ¥d by

LZ-10 zeolite. L2-10 zeolitelhe hydrocracki ng catal yst according to WO
91/ 17829 The hydrocracking catalyst according to WO 91/17829

15 may, depending on the process conditions selected, be
used for gasoline or middle distillates pxoduction.
'However, the catalyst is apparently better suited for.
gasoline production.

US-A-5 413 977 discloses a hydrocracking catalyst

20 -having high activity and selectivity for gasoline which
comprises a hydrogenation component on a catalyst support
comprising zeolite beta and a layered magnesium silicate
including hectorite and saponite (which are both smectite
minerals) and, especially, sepiolite.

25 The zeolite beta used in the catalyst support has a
silica to alumina molar ratio of at least 10 up to 100,
but preferably no more than 40 and most preferably in the
range of 20 to 30. Preferably the zeolite beta has a
crystal size of 0.1 to 0.7 micron (100 to 700 nm), a

30 surface area of 400 to 800 m2/g, a cyclohexane adsorption
capacity of 15 to 25 g/100 g, and a water vapour sorptive
' capacity at 25 °C and a p/po value of 0.10 of greater
than 5 %w.

It has now surprisingly been found possible to

35 . prepare a middle distillate selective hydrocracking



15 may, depending on the process conditions sel ected, be used

for gasoline or mddle distillates producti on. However, the

catal yst is apparently better suited for gasol i ne production

2US- A-5 413 977wy #pbsages a hydrocracking catal yst 20 havpdygeroka83ss
activity and selectivity for gasoline which conprises a

hydr ogenati on conponent on a catal yst suppord conprising zeolite
beta and a | ayered nagne5|un15|llcate including hectorite and
saponi te (whi ch arg bRt $ERShG! Smp roved adt A3 %ha%ngs 258 LSk doe
sepiolite. 25 The zeo |te used I.n 5‘6 at aI ugl_&ﬁrt has a
silica to. al uni nefHAYEY-at MOXEf PﬁFt?“é "l‘r]fDO' G tgsihgen ¥Sun

preferably no norasdtdrmagédusndesnitspiefesms ofi highemiddle diswildatef 20

to 30. Pref erab' Jﬁ;zsqia &sv})sse Jaageacan be obt%i %hahs%%e Oéougﬁsﬂ% 0.7

mcron (100 to 7 ace area of, 4
cycl ohexarfe adsor¢a%ahyst which comREiggs %Eﬁqaf¥§5typfoefgze
vapour sorptive having s apdatiyedy Rbghesiiicand alphﬁharﬁbla'ﬁlmw 0- 10 -

of greater %%rhar}eaaé‘%rely sma%nl mééc? tas%ﬁ%g\tﬁ’gs ﬁ%k?é&g&y HRED

found possible ta ctrve
hydrocrack|ng . another actlve cracking component. : -7-
catal yst having i rmrcmc&c%&auhb& with the Pre@EdRSinVention thé@d alg/st.

More particularly, as been.found 1 n eous. results in
Verms of M gn m et pravaaed’d LaEiiuy compeBltt donugist

obt ai ned usi ng a £brglosinacking compenenysa zgelditec bepai beguags«penhqa type
of zeolite beta o alumlhﬁvhﬁgai“ esh%l ﬁ'th higiies ol GRiER $4 U Nehd1D! ar

ratio . . and_a relatively.s St si_ze .in_conbi nation th
anot her active cr%ﬁﬁﬂlﬂfa %& ”?ess £34 Yo O 18 83EGanRBHFIN t he
present inventi orctdwking §°!!®°nent satected £amiidedrastal diyst

conposi tien conprd.&lé&laﬁ s1eves nhiisg ﬁﬁﬁlmrpaﬂ%eeksa% dot & Hagt a

having a silica umngﬂlar rati o of at g which is in
a ine, mesoporous alum nos:.l:.cates

t he . 0.6 nm, (11 crys
hav1ng pores with diameters of at least 1.3 nm, and (111)
clays, and at least one hydrogenat1on component .
_ _ ‘The catalyst composition of the invention is also
20 ' advantageous in that it possesses good stablllty
- The first cracking component is a zeolite beta having
a silica to alumina molar ratio of at least 20 which is
in the form of crystals less than 100 nm in size.
In the present specification, unless otherwise
25 stated, the silica to alumina molar ratio of a zeolite is
the molar ratio as determined on the basis of the total
or overall amount of aluminium and silicon (framework and
non-framework) present in the zeolite.
Preferably the zeolite beta has a silica to alumina
30 molar ratio of at least 40, more preferably at least 60,
still more preferably at least 80 and most preferably at
least 100. For example, the zeolite beta may have a
gilica to alumina molar ratio in the range from 20 to
150, preferably in the range from 50 to 150 and '
35 especially in the range from 100 to 150. Very

This Sheet Has Been

T THE SYEET 10 o




formof crystals less than 100 nmin size; a second cracki ng

conponent selected from (i) crystalline 15 nol ecul ar si eves havi ng
pores with dianmeters greater than 0.6 nm (ii) crystalline,

mesopor ous al | cates havi ng pores with diamet f | east
1.3 nm and (W’Emd‘k clays; and at |east one hydrogenat%‘% ent.
The catal yst conposition of the invention is also 20 advant ageous in
that it possesses good stability. - - 8 - The first cracking conponent
is a zeolite beta having a silicato alumna nolar ratio of at

| east 20 whi ch advantageoug resydteohavefbeey phtiainad asingnalgeokiten size.

In the present p@egiddvatd @ilical €6SalimbhaV BElab ratio Shatad, rhhgesilica
to alum na nol a ratuﬁgqf qt eolite is the nmolar ratio as _

determ ned on t € total or overall anmount of al um nium
and silicon (franme/h«k zansdite beta uaedfimnthe rqagtalivstecomposibionenfite.

Preferabdy the ggolidverialich Hasia ghbi €6rikof! S¥ysta1d) 1ess tHRhA106 3HhO Of
at | east 4C, e§§$0|ally at Ieas% Sg nor e re{era g%}at Iﬁgst got _
still more preft? dA3Far®1%ad®P 86 ARd™Mo ?) % er 1Sy 2gPLIte beta) o455t 100.
For exanple, therefmtabky Baeacmta&vaiaes in the grdangea fromak0ntaa nol ar

ratio in the rw%r%@ﬁ&ferably i%5€ne PEOAGY @afn i &Bevbaﬁﬁeaﬁaom 50
to 150 and 35 especially ?‘ range from 100 to 150.
W0 97/ 20016 particularly ih the rangs from 30 %ﬁ“&ﬁ%/ 05352

advant ageous resul tEherasednde crakkingedomsomenta -l eatalyst beta have a

silica to alum gg, lg@gdﬂl Ul delebBBa’ 8RO (1) cryatldiTnkORohBod?lr .

The zeolite beta, I n the catal yst_ coQmnposit
is in the form®ie¥es haying é’§§eﬁh¥lﬁt§!061?l‘ﬂ?ters gregtersithan 8.5 nfp to 99
nmin size. The(géaplas addm¥rmined by npiitebgenbddsdunst iory Hezthnigaes) jn the

range from20 o5y cryeesdliH8, WReBpBESLS! AflniiddhiNRa1ARIRLAE 20 tO 7O
15 pores with diameters of at least 1.3 nm (e.g. as
' determined by nitrogen adsorption techniques), and (iii)
clays. In theée context of the present specification, the
term "molecular sieve" also includes the corresponding
' (hydrothermally) stabilised and dealuminated derivatives
20 and such derivatives as may be obtained by isomorphous
' substitution and cation exchange. Methods for the cation
exchange, (hydrothermal) stabilisation, dealumination and
isomorphous substitution of molecular sieves are well
known in the art and are not therefore further discussed
25 in the present specification.

The second cracking component may be a single
material (i), (ii) or (iii) or a combination of two of
more such materials.

Preferably, the second cracking component is selected

30 from (i) crystalline molecular sieves of structure type
FAU, EMT, MOR, LTL, MAZ, MTIW, OFF, BOG, AET, AFI, AFO,
AFR, AFS, AFY, ATS, VFI and CLO as described in "Atlas of
Zeolite Structure Types", 3rd Edition, published in 1992
on behalf of the Structure Commission of the

35 International Zeolite Association; (ii) crystalline,



particularly in the range from30 to 50 nm 10 The second cracki ng
conponent of the catal yst conposition is selected from (i)
crystalline nol ecul ar si eves having pores with diameters greater

:than 0.6 nm  woer200fs 0 as determ ned by nitrogen adsor pti onpéfeibvsiossses)
(i1) crystalline, nesoporous alumnosilicates having 15 pores with

di aneters of at least 1.3 nm(e.g. as determ ned by nitrogen
adsorption techniques), and (iii) Cl é’ys In the context of the

present specifi Catnie%%pf%gr O?%umm { S% g&ul ghé%i&aeea?f#ﬁs%%? udea t he

correspondi ng erHar i isé
derivatives 20  MCMm4® %cﬁeﬁérib%é|Vb§sa§‘§a?1§e7éﬁtarr@ﬂ shyryatmmer phous

?‘ﬁbét i Elﬁt i onI ;:mdt thpeomtqubaaseaeé@ﬁmtis Byo's.t haagaki Oy, Fukushl%ciaﬁage
ydrothermal ) s sat.i on a | pho
substitution of rofag; 553 #‘érﬁle% Wtar. “knORA- i %”f h{el 24 'and are
not therefére furtthesml@EuQSéd aad (iii)i clalys pfeshatnwlflamd on.

The second cracki %&Q‘ﬂé@‘%i}bew ge r@orﬁdrdwmomtes, H@é&ffﬂeél) (i) or
(iii) or a conbination.of two nore such materi a

Preferably, the s«f@(ﬂ‘i’ﬁ‘l&f”ﬁcﬂf’ﬁgb%b%?&ﬂs is selected 30 from(i)
crystalline nol ecul ar Mostvprebérablyctthee seppad crack:.n&Mbm;Bd&ndVEE (LTL,

MAZ, MIW OFF, B?Et l&?@t}gﬁﬂnepﬁaicu][ar si RofAEt?nr E&@rd\é&bﬂ a(:;gﬁCLO

as described in te Structur t

publ i shed1Pn 19922 very ulgxaggable zgolkite ¥ {(YUBY) e %%sﬁ%ﬂ# #lzene 35
| nternati onal Zeol(dg) Aesecthano;440 igm ci2usi4dl Ahgetroms), in partidlar
97/ 20016 ss tha

-9- ' masopg'r ous aPum ﬁ%)gl Tc%‘l s3'5 Tﬂngt E%(“Elfg éo%s%tﬁ\%‘”ﬁ f°§
MCM 48 as - descri b&Xamples- AromoBB-A£Ah 676 andr BBrAr247 672) ox ylid)Fsm | 6
as described by ScrystgdiineY. mésdpetousn althinosilicate &firsitifuctired cyperf.
Sci. Catalg, Vol. 4246199 )he vusy zeolite of EP-A-247 678 or EP-A-247 679
is characterised by a unit cell size below 2.445 nm
(24.45 Angstroms) or 2.435 nm (24.35 Angstroms), a water
adsorptlon capac1ty (at 25 °C and a p/pg value of 0.2) of
_ _ at least 8 %w of the zeolite and a pore volume of at
20 _ least 0. 25_ml/g whe:eln,between_lo % and 60 % of the
total pore volume is made up of pores having a diameter
of at least 8 nm.

The catalyst composition of the invention comprises

at least one hydrogenation component. Examples of

25 hydrogenation components that may suitably be used
include Group VI (e.g. molybdenum and tungsten) and Group
VIII metals {e.g. cobalt, nickel, iridium, platinum and
palladium), their oxides and sulphides. The catalyst
composition will preferably contain at least two

30 hydrogenation components, e.g. a molybdenum and/or
tungsten component in combination with a cobalt and/or
nickel component. Particularly preferred combinations
are nickel/tungsten and nickel/molybdenum. Very
advantageous results are obtained when these metal

35 combinations are used in the sulphide form.



5 Pages 125-132; and (iii) clays of the non-pillar ed snectite

type, e.g. nontnorillonites, hectorites, saponi tes and bei ddelites.
Most “preferably, the second cracking conmponent is (i) a crystalline
nol ecul ar sie ructure type FAU (e.g. 10 a very u
zeolite Y (Vuﬁ%@&nit cell size (aferr]) less thg{"\{’g%gisﬁm
(24.40 Angstrons), in particular _ | ess than 2.435 nm (24. 35

.~ Angstrons) as are known, for examle,~ from EP- A-247 678 and

EP- A-247 679) or (ii) a ryst
roctare tyme s nd gmgeent cafalyel\conss nEE ROBHIR 9P o
EP- A- 247 679 50 parts dhyamedighti sédhpdrogemattiare/domponenbel caluMattedhm

(24.45 Angstrons Noo2 basp S Pé‘i?ﬁ rﬁilwq;e orption
capacity (at 25 se?{r’l %gﬁ%ﬂ p/.p ,grrnggl uée 0 0(. 2) .of dbhe) of %?eéjféast 8
ow of the zeolit@® St RAWPSEGLIRR - of FQF o¥ample, |thescagadyshi /g wherein
bet ween 1) % andcéfipdsididhanay contaihofabmpdrieo Wi, umdries praferalplyl pores
having a di anete rom iH aild %%?@%%glfg]fromeﬁolto 20.Tﬁgrﬁ§t yst

L 5 t?. .
conposition of the I nvention co east o rogenati on

rrs
conponent . ExanpVekght of; Group I%‘df“&&éﬂré?) o fen diram 9 -0hatondf. Sme¥ebl v
be used pretetio Xy Axom/lo .6e£9. 8Nahd baldvartaebdusipiEien) 1 a6 €3 oup

VLY L5 (2 SoubERb wlhielor it abLAY(BEn agoppateatid' 01U

Iline, nesoporous al um nosilicate of
Rt

their oxides an
preferabld cont anetat pemnskiOd parse by wehght ofdriaiwaightdnpéntatal e. g. a
nol ybdenum and/ ogatalyst cdupt@Et@bnconponent in combination with a cobalt

and/ or : ni ck component. Particularl ref.erred nbi nati ons

are nickel /tungst enetkh% #]tal}‘é{]s}frrgf’wagﬁgﬁ?n\%?%rgmg %? g 2RFEERUs

resul ts are obt aimeentiem nawsdimdesired, furthemigomiises agbinderd im t he
sul phide form particular an'\@ndtgdddtboxide binder. Examples of

PCT/EPQQﬁQSBSZ suitable binders include alumina, s{fg%é, aluminium
phosphate, magnesia, titania, zirconia, silica-alumina,
gilica-zirconia, silica-boria and mixtures thereof. - |
Alumina is the most preferred binder.
Preferably, the catalyst composition of the invention
120 comprises the first cracking component, the second

cracking component and binder in amounts of from ¢.5 to
40 %w first cracking component, from 0.5 to 90 %$w second
cracking component and from 0 to 992 %w binder, all
percentages by weight (%w) being calculated on the basis

25 of the combined dry weight of the first cracking
component, second cracking component and binder.

A particularly preferred catalyst composition of the
invention is that comprising from 1 to 15 %w first
cracking component, from 5 to 80 %¥w second cracking

30 component and the balance made up of binder, all
percentages by weight (%w) being calculated on the basis
of the combined dry weight of the first cracking
component, second cracking component and binder.

The present catalyst composition may be prepared in

35 accordance with techniques conventional in the art.



The present catal yst conposition may contain up to 50 parts by

wei ght of hydrogenati on conponent, cal cul ated as netal per 100
part-s by weight (dry weight) of total catal yst conposition. For
-exanpl e, the cicdnsedes S conposition may contain from 2 RCI/E¥6/05352 €
preferably from5 to 30 and especially from10 to 20, parts by

wei ght of Goup VI netal (s) and/or fromO. to 10, nore preferably
from0.5 to 8 and advantageously from1 to parts by wei ght of

Goup VIII netal (5), ¢6al ehbabed, Athe Gixst aRB! 8bcBRE dALMIRIG & oteg!

(dry weight) of tota catal ysi .c sition
catal yst conposi tQRF-ﬁ-Oa’éé-éVdFﬁge'EBe’f H’é" g‘gg‘%fer may be ¢ormylled, ]T?H%hel f
desired, further giesencecof bhader more solutiongapfi @udup Vh arxdilcganl c

oxi de bi nder . Exez.’rpaﬁ1 sv&fnlﬁ dro% ﬁ&{&plnpetlal]_nggligsl ps! shan A WixtresSi | i Ca,

al um ni um sphate, esia, titan zirconia,.sjli al um na,
silica-zi Bconi a, Vé'#llth&BbSPPQ ﬁﬁwgédr%? B?gllgﬁﬁ an cal"l%%?ﬁq‘?a is the
most preferred bigifl9ing method). Preferably, the catal yst composition of

the invention 20 #&%%nplahiséﬁgrmu t{lﬁé g&d?%%bﬂgtfmg&ﬁgneﬂ@q econ_d

cracki ng conmponent a M o%w first
cracki ng conponemplatiimum end/es palladiumodde metals payche padadhONER and

];;f)(r:nu?at nggn"/f;Nhte}_ngQQ!raczc'ghg componelﬂﬁé W hiens bf vetibh dXéHari vy t
asi s £ CO e
10 RS 30amee gglggﬁgnétm ”bz‘h% Q.eﬁl';lx p@gg%ﬁ gadéﬁggl rs

cracking cracking
A particul arly premwgoneshteathugsebtainesd tQRﬁio@Pltlbfetogether wWithention is
that conprising fﬁﬁ{ae&t%a%ﬁtmf bé Séxtruded intoaglklDgts oamdneiicidedam 5 to

0,
S ot agEWRNET o LT B (Bh L ey ea bl CLER: R g 0 MUe
of the conbi ned drpackdinghtcomponkptsieptian tggether withpiden axeecond
cracki ng jgonponen,;1anf Rindge. presence of watlty F&h@sﬁnbeﬁaiéliﬁ@tag‘éi{mOSI tion
2?%/ be prepared _I $ g35 acetica%cégzi a@oefg\nn;[‘ n tmeigc lcﬁnvgné rpal 'n the
- extruded into pellets and calcined. The pellets thus
obtained are then impregnated with one or more solutions

o of Group VI and/or Group VIII hydrogenation metal salts:

20 and further calcined (post-impregnation method) .

The present invention also provides a process for
converting a hydrocarbonaceous feedstock into lower
boiling materials which comprises contacting the
feedstock with hydrogen at elevated temperature and

25 elevated pressure in the presence of a catalyst
composition according to the present invention.

The hydrocarbonaceous feedstocks useful in the
present process can vary within a wide boiling range.

They include atmospheric gas oils, coker gas oils, vacuum
30 gas oils, deasphalted oils, waxes cbtained from a

Fischer-Tropsch synthesis process, long and short

residues, catalytically cracked cycle oils, thermally or

catalytically cracked gas oils, and syncrudes, optionally

originating from tar sand, shale oils, residue upgrading
35 processes and biomass. Combinations of various
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- 11 - For exanple, the first and second cracki ng conponents
optionally together with binder may be co-nmulled in the presence of
-one or nore hipie of Goup VI and/or Goup VIII enation
netal salts tob;&tc’)rmg m xture 5 whi ch is then extruded &%%@P et s
and cal ci ned (co- mul | i ng et hod) . Al ternat ively, if

t he hydrogenati on conponent is pt a2 num and/ or pal | adi um the
netals may be | oI cki n one

cation exchange?%f%r?ﬁari’on BhtE TR %S &?}"gﬁ 'ﬁ&hee %cigtqc aded
cracki ng w1ddrrpenen@%1yhmmmsm Mrosprbgnal hgvinget eyl Mingh

bi nder, may thee,oliﬁteaster aéeﬂeaaé %mld@tsm@dbssuhgeﬂange will

However, it is pref er&i éhe first %&g secg o cracki ng
conponent s opt | GEREFS ngf'h For, ¥rPyk tor 8595°C, with praferencge
presencesof wat deiagdgdvpaptosfeedstymrks having a boilingetamgeacifd fxom form
a mxture whichkduth8o ro 620 Gx!' UfiRel felladeBEk ﬁémf BV G2\ ielhen The

pellets thus %I ned are then 1 np %nate e or
sol uti ons °°n61en€r8 puR| ta P RQ"B'U te H?Hr'&b%%f?’?d?? rY@tl:Slht%al ts
20 and fur aindr acsutpher ¢pnisént npfl egnabi 6nswet hbgipically, nitrogehhe

pr esent invent| p | des L4 [ a

hydr ocar bonaceous ngleac@ith E% ?ﬁttﬁ?p‘g, wer Erol zsgof?i %06%5}‘? whi ch
conpri sd&8 cont agulpgurheontents ayeciittdhe range EyeRofed &R I¥atd§
tenperature and 1%5poss1beéeaaaadasarmmésn behdepi £ab1é et ®fsubjerital yst

compos {1 on ccerding! 81318ePLRS Fled AN k8 pre_creacpend

hydrocar bonaceoﬁ"s ocks use F'0CE8s can vary
within a wde b@qamger,ahg@rodemtrogeannncmaﬁoel@ﬁew;%a‘fgm oY s,

coker gas oils, hwa-@uem&ealnsaefsnpldna:hda@amhahhedhoahs KAGHeS Ol ned -
froma cher-Tropsch synthesis process, |ong and short

resi dues15 cat al 37‘[ ically cracked cycle oils, thermally or

~catal ytical |y crack88egnsogess ofirfehe yifsientdon Bpyi epaveyiently be
originating fro@gsraicaandt sbahereadtion aenghedatigeaghngheSrange processes

and bi omass. CQF?%P%%bOQE gBOV@élqageferably in the range from 300
" _to 450 °C. : :
20 - The present process is preferably carried out at a
' - total pressure (at the reactor inlet) in the range from

3 x 108 to 3 x 107 Pa (30 to 300 bar), more preferably
from 4 x 106 to 2.5 x 107 Pa (40 to 250 bar) and even
more preferably from 8 x 106 to 2 x 107 Pa (80 to

25 200 bar).

The hydrogen partial pressure (at the reactor inlet)
is preferably in the range from 3 x 10% to 2.9 x 107 Pa
(30 to 290 bar), more preferably from 4 x 10° to
2.4 x 107 Pa (40 to 240 bar) and still more preferably

30 from 8 x 106 to 1.9 x 107 Pa (80 to 190 bar).

A space velocity in the range from 0.1 to 10 kg
feedstock per litre catalyst per hour (kg.1-1.h-1) is
conveniently used. Preferably the space velocity is in
the range from 0.1 to 8, particularly from 0.2 to

35 5 kg.1-1.h-1.
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- 12 - hydr ocarbon oils may al so be enpl oyed. The feedstock

will- generally conprise hydrocarbons having a boiling poi nt of at
.least 330 [errkfoorHegrel0i ling range will general | y bepé&f/ppospbiyt
330 to 650 [err]C, wth preference 5 bei ng given to feedstocks having
a boiling range of from about 340 '818,0620 [err]C. The feedstock may
have a nitrogen content of up to5 ppmw (parts per mllion by
wei ght) and u to,6. c@l Lirogen
contents are in the %g%gﬁ%rﬁwg%&oggs %’Nf’ﬁ?ﬁsg@& &d Eh% )

contents are in wase) angedf ke 21@?95“'-0/@1'0‘*95 will Qe‘F%rﬁJ"dé" | dRand nay
sonetines be desighabkBnge &xdbtherdo to 5000 Maykgprbat | isfpideadapagstack to a

pre-treatnent, fo : d ogenati on,

hydr odesul phur i s&foR28Fe fr°mr%(ﬁ t(ﬂ)r)é o8 Fﬁ'(ﬁlsatlon met hods for. which
are knownsin the 15 The puzgsent J.nvent:.on withebgr Haxthenrundarstepénfrem my
conveniently be ¢he foll&ﬁiﬁgeﬂlﬁiﬁtﬁtl&d e&aﬁpmest ERP@H BRI thd BillAear ange
from 250 to 500 [err grefe abl

Lerr) & 20 o alyirihp eldy kb of b BTUPLPaRI Tgass | (rpodiEe): o
total pressure (afast deteeminted omitdie hasishofr fhgetorak amount of3 x 106 to

g : io[lg”e]”fapg %?.XB. Qnif Qﬁ&)sim&; PfEafe@Bkk and non-fFrawbrk)l0[err] to

f erably from8 X
10[err] £8 2 x 1(5’[r§|sPPtP n(gg e%te an%zegeb&p t "eef1 Pafze” (o) TRE 3
hydr ogen parti al apmnﬂnusél@aate hézeadidtedr vias dg):ermined acq:q;rq;mg‘ &cably in
the range from3 k%gghocgsg &ieéi%&‘rﬂs]nd:‘% 3942-80, KerPrdlakthe NMOY €

preferably from

to 240 b d
still nore preferb&’dils'»‘nSOPmntsf"f‘%%e‘}F é’% fi‘FthSE‘gﬁa’ilb‘(f)ré?‘??"fsgr%Bgnto |

190 bar). feedstolkspare deﬂ:@mirged accordiaggtof sbandand twest0 kg
f eedst ock gper & Hodl sha%li ﬂkﬁsla[% BEevely.is
conveni ent I y use%i‘{e Igrge%er ag'%I e space vel oci ll:s)l;el s in } t he range

fromO0.1 to 8, pmlyfromOZto 35 5 kg.1[err].h[err].
: (i) A catalyst composition according to the present

invention was prepared by combining a zeolite beta
(12.6 g) having a silica to alumina molar ratio of 114

20 and a crystal size in the range 30 to 50 nm. (300 to 500
Angstroms) with a very ultrastable zeolite Y (VUSY)
according to EP-A-247 678 and EP-A-247 679 (58.4 g)
having a silica to alumina molar ratio of 9.9 and a unit
cell size (éo) of 2.431 nm (24.31 Angstroms) and with

25 alumina (53.7 g). Water and acetic acid were added and
the resulting mixture was mulled and then extruded,
together with an extrusion aid, into pellets of
cylindrical shape. The pellets were dried statically for
2 hours at 120 °C and then calcined for 2 hours at

30 530 °C. The pellets so obtained had a circular end
surface diameter of 1.6 mm and a water pore volume of
0.695 ml/g. The pellets comprised 10 %$w zeolite beta
(first cracking component), 50 %w VUSY zeolite (second
cracking component) and 40 %w alumina (binder), on a dry

35 weight basis.
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- 13 - The ratio of hydrogen gas to feedstock (total gas
rate) used in the present process will generally be in t he range
from100 to 5 g, but is preferably in the ran from 200 to
3000 N1/kg. 9&9%"& The present invention wll be furtherg‘g #3504
from the followng illustrative exanples in which the silica

to alumina nolar ratio of an alum nosilical# (zeol ite) was

determ ned on the basi s of the total anmount of m nj um and

silicon (framework aid?A8nlfrdneficik)aayrous solptien;of rF“tWEe]zéUIq‘iaé:eand
the unit cell si{a.Qawr nirkell) aand 39.93 aulafmanoatheocas es¢hwnlon &f was

det ermi ned accorgjng ta “Etaf ag{:g@ga(éi, t%s§MhH9gté§T%&§9%%ed

Furthernore, the pornts an
hydr ocar bonaceond the respdsdngomkxtire was didused withrwrter t Bswasdar d

test 15 s netdidl T hehl Moko§enisedD 1PRS peldpest weekyimpregnateddtl e 1
(1) o caralys! SO GRd AR BRRORIkRerd 014y RSSO Rkica, ot ambldi@l! | 01 as

prepared by conbini Ng a~z€eo aving a silica to
al um na nol ar r kempegratnre 480 °C) foy 4 hours andstheni atth%ﬂr%mgf@:s@ to 50

-nm (300 to 500 hours anm&ahaqtrg)cman@d\/ﬁw Uhbuast abl sogeet| t erpe (VUSY)
according to EP-A l511[47 678 nd E 47 579 having a silica

to al umina ol alPFHES &P a@lngﬁd a ‘ﬁn?f‘:kel( arid lg) ¥ P99t err]) of
2. 431 nmo( 24. 31 ¢ginagenakignd camponests) , bageghonatesdl7dygy. Water and

acetic acid wer exGilad k. the resulting m xture was nmulled and
t hen extruded, . together with an extrusion. aid, into pellets of
cylindrical shape dried statically for 2 hours at -

120 [err] C and t hen A satiadygtf gpmpodbiian xutzdde thesgcoperof Ghe The

pel lets so obt aigeddid 1%v‘éh'ﬁgﬁha{va§ngrepared asS ekt ebda IR Bfamflel 06 MM

and a water pore vol unme
15 P above except that the pellets impregnated in step (ii)

‘contained 50 %w zeolite beta (silica to alumina molar
‘'ratio 114; crystal size in the range 30 to 50 nm (300 to
' 500 Angstroms)) and 50 %w alumina, on a dry weight basis.
“The catalyst composition contained 4 %w nickel and 19 %w
20 ‘tungsten, based on total dry composition.
. , ive E le B
A catalyst composition ocutside the scope of the
present invention was prepared as described in Example 1
above except that the pellets impregnated in step (ii)
25 contained 50 %w of an ultrastable zeolite Y (silica to
alumina molar ratio 9.5; unit cell size (ag) of 2.432 nm
(24.32 Angstroms)) and 50 %w alumina, on a dry weight
basis. The catalyst composition contained 4 %w nickel
and 19 %w tungsten, based on total dry composition.
30 . Example 2
The hydrocracking performance of the catalyst
composition of Example 1 (hereinafter referred to as
Catalyst 1) was assessed in a second stage series-flow
simulation test. The testing was carried out in once-
35 through microflow equipment which had been loaded with a



0.695 m/g. The pellets conprised 10 %v zeolite beta (first

cracki ng conponent), 50 %w VUSY zeolite (second cracki ng conponent)
and .40 %w al um na (binder), on a dry 35 wei ght basi s. WO
.97/ 20016 WO 9772 PCT/ EP96/ 05352 pCT/EP96/05352

- 14 - 0?“)40 18 g of an aqueous solution of nickel nitrate
(14.1 %v nickel) and 39.93 g of an aqueous ig’l ution of anmoni um

met at ungst ate (67.26 %w tungsten) were comnbi and the resulting

mxture was dil uted V%ét%\]%étﬁ%e@éoﬁpglﬁ§n% 1 mf‘rﬁtétzlle'&alﬂﬁm?g€n' sed. The

pellets \Nerelrrpr% eni sed mxt i%s 7 m),
dried. at anbi ent (commercat@qllye,aa@l}ﬂéb}goffg}lrﬁ Griteringy §t§ % hen at
120 [err]C for 2 company) Wlfem@ithnal hy ofl@inemh fSiC pakbicieatarsidG
[err]C. The eIIets t e n tyn 0
(hydrogenation co]Pr%% Tt ta]%é%e egng Pﬁv gﬁ%kﬂ i Q:a%%lﬁt 3 gﬁ@&dl

Conpar at i v& EXarrpWECh\ 10 ml of 0.1 mmc§i§ PATtEIRsi BBH G&nglugttlpﬁéi%wpe
of the pr gesat fémﬂﬁm%d/\@nb&eﬁaredsmgiescru bed in Exanple 1 15

above except that th tt_bets 'Q%&v%@%ﬁg é@q&ér&plél;: Qon&l&t of gontai ned 50

%wv zeolite beta (sili ystal size in
the range 30 to SBydno¢adgonaseous feedgockn §atheary Jgam @13 ‘)&Fhl‘&#ﬁ on’

a dry weight basigep catalyst!ed @nd }':hbncﬁﬁaol&bﬁtdm d‘eﬁﬁl@lslﬁeﬂeé v ai Cke|

and 19 %w 20 tun st en, based n tot al co
Conpar at i ¥ ExarerEC%'thmugh operaxs %la 3 % RHBFSFEE®t he scope
of the pr espditionentd Gpages Vpilep&f—i!doésl cﬁeskg |h9@(YY gagxahpl Ry

above except that fe PELL S1vat g{&&eqk nlslqp—?(y | Ja #Hydrogencont ai ned 50
%v of an uItrastaltlg ieollteﬁ;YEBH s oy

um n ratio 9.5;
unit cell size (afef{P§avy Qa%’&" rﬁatm o 1499 %lzﬂfﬁf ?’8’%}’? Bnd :50 %

al um na, on a drysutphbfie partial pressure of 5.6 x 10 Pa (5.6 bar) and a

1s total pressure of 14 x 106 Pa (140 bar).
The heavy gas oil used had the following properties:
Carbon content . . .t 86.69 %w '
Hydrogen content. . . : 13.35 %w
_ ‘Nitrogen (N) content ' s 19 ppmw
20 Added n-Decylamine : 12.3 g/kg

(equivalent to
1100 ppmw N)

Total nitrogen (N) content : 1119 ppmw
Density (15/4 C) : 0.878% g/ml
25 Density (70/4 C) : 0.8447 g/ml
Molar weight : 433 g
Initial boiling point : 349 °C
50 %w boiling point _ : 461 °C
Final boiling point : 620 °C
30 Fraction boiling below 370 °C : 2.0 %w
Fraction boiling above 540 °C : 13.3 %w

Hydrocracking performance was assessed at conversion
levels between 20 and 85 %w net conversion of feed
components boiling above 370 °C. The results obtained at



basis. The catal yst conposition contained 4 %wv nickel and 19 %w

tungsten, based on total dry conposition. 30 Exanple 2 The
hydrocr acki ng performance of the catal yst conposition of Exanple 1
‘(hereinafter 5.;,5 g Lo as Catal yst 1) was assessed]

stage series-f % simulation test. The testing was cg&f'P'Fgﬁo

once- 35 through m cr of | ow equi pnent whi ch had been | oaded with a

WD 97/ 20016 - 16 - PCT/ EP96/ 05352

- 15 - cat al yst _bed. co C-424 c

(conmercial |y akh [ RES: FORVERELOR 0k Set capRepents botl fndhove
diluted with 1 rA700f°Q arenshSwg plar'l’ahcleesl ded ow . bottom cat al yst bed

conprising 10 m 1 with 10 m ofOlrrmS|C

particles. Both c§§ :yst be g * rresyl phi ded pri to testlng
The test invol ved tﬂ'geséﬁﬁEnP?‘aFe@‘b’Fﬁ&g\e “% 2 Was B$ BBt ous
f eedst ocls (a heahatgas botkpmwcabalst bed compixdpingt abyml dfcelend t hen t he

bott om cat al yst Con&_lﬁtacgglposnlgﬂcgft “ﬁ}éqlgt?_g%r g&baﬂﬁgn iger the follow ng

process ace_vel oc Cy eavy_gas oil per
litre catalyst pdenedmatiry. IF@PFT‘?-‘FI[‘ESP a8 ; %W&Foﬁéndﬂ-“ted Wi/ heavy
g?s oil rat |[ 0 0{1014ﬁ0d‘ﬂ| kg, mt BYOrp@pticles was sseAhi dRy@PddiradkiHEsSsSur e
of 5.6 x 10[err] P a e err]
Pa (140 bar). pe:&o(z%lagcgrﬁ)as Qgsés;ez% aot:I chn g'lsl;g'.gé ?EU&? O]%e%eé&x %
propert 8s: and %I*Uoﬁeéoﬁf’gﬁ?rsmn of feed componegls gRoidding “above

Hydrogen content37o °c. The resultdoBfafféd at 65 W heogeontédsiemicmt
19 ppmw 20 feé%jcomﬁgangglggiffhg above 370 °°'a}g'3rgé§§ﬁﬁﬂﬁﬁhM/nb

(equivalent to

Total nitrogen (Agpleork defdow. 1119 ppnw
Comparative Example B'
15 The test procedure of Example 2 was repeated except

that a bottom catalyst bed comprising 10 ml of the
catalyst composition of Comparative Example B
(hereinafter referred to as Catalyst B) diluted with
10 ml of 0.1 mm SiC particles was used. Hydrocracking -
20 performance was assessed at conversion levels between 20
and 85 %w net conversion of feed components boiling above
370 °C. The results obtained at 65 %w net conversion of
feed components boiling above 370 °C are presented in
Table I below.



Density (15/4 O : 0.8789 g/m 25 Density (70/4 O
: 0.8447 g/ Mol ar wei ght : 433 ¢

Initial boiling point : 349 [err]C 50 %w boiling point

.. 461 [err]C woseneofd Nal boiling point . 620 [ eptT/Rrokids3sa2
Fraction boiling below 370 C 2.0 %wv Fraction boiling above 540
C : 13.3 %w Hydrocracki ng pepformance was assessed at
conver si on | evel s between 20 and 85 %w net conversion of feed
conponents boiling above 370 C. The resul #gpotai ned at : )
97/ 20016 PCT/ EP96/ 05352

- 16 - 65 %y net conversion of fe L :
370 [err]C are shown in Table | bel ow ComFataliyst Sxsveme A

The test proceduye of Exanple 2 was repeaé_%lie/xcglot c>424/ Nak.gaRet t gm
cat '

catal yst bed conprising 10 nl of the yst conposition of
Conpar ative Exanple A (herei ndf t ¥4 -eferried 3t ad Catal F8F- A}
diluted with Temp;o(%) ot Gsl wm §i C pansi cl ep wasoused. | Hyd3rcrsackiing
performance was pssessed at gconversiorn | evel s betjwen 20 10 and 85 j%w
net conversion o n?tepﬁomwﬁfm, hts boilling above 370 _

resul ts obtai ned| rkofldcttv net conversijon of feed components boi lji ng
above 370 [err]C £04 in Tabl e I] bel ow.
Conmparative Exarra?éfgeéﬁ & The test proceplure of Exa
repeated except | (¥w on £8ed) o phortomlcatalyst heH conprisin

cat al yst conposi cas ofc{ooprrative Bxanpl @.B 0.19er ei red
to as Catal yst B dl|ut(6g)WIth 7.9 2.6
Naphtha 57 34 34
(Cg - 150 °C) '
Kerosine ' 24 36 36
(150 - 250 °C) . |
Gas 0il T 9 26.5 26.5
(250 - 370 °C) _
Iso/Normal ratio of. 2.9 | 21 2.4
butanes o

It will be cbserved from Table I that whilst
Catalyst 1 (a catalyst composition according to the
5 present invention) and comparative Catalyst B both
produced the same high yields of middle distillates with
very little C;-C3 gaseous by-product, this was achieved
at a lower temperature using Catalyst 1 (371.5 °C) than
Catalyst B (380.5 °C) which clearly demonstrates the
10 superior activity of Catalyst 1.
Comparative Example C'
The test procedure of Example 2 was repeated except
that a bottom catalyst bed comprising 10 ml of 2-703
hydrocracking catalyst (commercially available from
15 Zeolyst International; hereinafter referred to as
Catalyst C) diluted with 10 ml of 0.1 mm SiC particles



10 M of 0.1 mm SiC particles was used. Hydrocracki ng 20 per formance
was assessed at conversion | evels between 20 . and 85 %w net
conversion of feed conponents boiling above 370 [err]C. The results

obt ai ned at 63,79 conversi on of feed conponents | 1ing above
370 [err]C are presetgt ed in Tabl e | bel ow. p&’EVE%??? 20016
PCT/ EP96/ 05352 - 17 -

TABLE | - 18 - Cat al yst System
C 424/ C 424/ C 424 '

24/ : ) ) Cat. A
Cat. B Cat wap used.  Thechempeyaliyiecyeguissdoyp achieve 65 3w ggh
371.5 Nneionverséoni ofi feed compgormhist boiling abeveciTyitC ems

(%v on feed) Stam ( rehq-Clerr]) 2.1 0.9 0.8
(Ca) found £Brpe( 45764, % 2.7 Napht ha

57 34 Example 334 (Jerr] - 150 [err] Q) Ker osi ne
24 5 36 Catal@bt 1 and Cdtididyst 25Wefer ed€h subjectedad ©he I
9 26.5 6 . -, 3 r.LCLs | Sy rm
ratio of Sage pr%-ageﬁxl_lg treatgrgépc 21.n4Z>Q:dL§ EL %ﬁl{nélnaetse a n?:.(ydéll.%-

It will be obseofeduprs o sR8refrrumgataiyss of about 1 to 1.5 years

old. The pre-aged catalysts were then tested, in
combination with C-424 catalyst, as described in

10 Example 2 above except that the hydrogen sulphide partial
pressure was 5.2 x 105 Pa (5.2 bar) and the total
pressure was 13 x 10 Pa (130 bar). In each case, the
temperature required to achieve 65 %w net conversion of
feed components boiling above 370 °C was determined and

15 is shown in Table II below along with the figure obtained
when using the fresh catalyst.

TABLE IL

Fresh catalyst

c-424/ Cc-424/
Cat. 1 Cat. C
Temp. (°C) at 65 %w 371.5 372

net conversion (T3)

Pre-aged catalyst

C-424/ Cc-424/
Cat. 1 Cat. C
Temp. (°C) at 65 %w 378 383
net conversion (T3)
AT (T3 - T1) (°C) 6.5 11

As will be observed from Table II, the activity
loss (as indicated by AT) for Catalyst 1 (a catalyst
composition according to the present invention} was lower
- 20 than that for the commercial Catalyst C and demonstrates



Catalyst 1 (a catalyst conposition according to the 5 pr esent

invention) and conparative Catalyst B both produced the sane high
%leLds of mddle distillates with very little (Jerr]-Clerr] gaseous
.by-product, thi opﬂﬁlo?schi eved at a |ower tenperature p&i/ibosledisal vst
1 (371.5 [err] Catalyst E (380.5 [err]C) which clearly
denonstrates the 10 superior activity of Catalyst 1.

Conpar ati ve Exanple C The testlﬁrbcedure of Exanple 2 was
repeat ed except ttom cat.al yst 10

hos ny PR 08 SRR, SOPPOBHIASRS oA e atHPPaRt ¥ it v

Zeol yst | nt er nat | adedntdyeminstabilityerred to as Cat al yst QO
diluted with 10 mm Si C particles WO 97/ 20016

PCT/ EP96/ 05352 was used.

The tenperature requiHdd? G2&efhYalccomPR} o a°°°rdm9059/e"?§? FFsteteed
conponent s boi | i ngmaétmrﬁms[ erep@redsby combinihguadzeolbee 3F@d err] C.

Exanple 3 5 3.0 f@tn 31 aash?e;aéas;h&lw ﬁggaghrse%esf eﬁ& %ﬂdﬁé

same pre-ageing t e er 1o si ml of -run or
end- of -run cat al y%tcﬁfs%otﬁlzf i@ the 17’%%%  to 50 g 3etPr e- aged
catal ysts were thego tRsgeskons) with an alwﬁﬁnuﬂﬂhﬂaawbtbeSﬁichn&&ﬂ@&ﬁe as

e T 2‘%%*@‘@30‘?8%?@%#4’ %’-z‘@% LI%8] BT ¥
pressure Mas 13 xsibicedq mEomiag m°ilﬂreﬁ%‘hl<t ﬁé‘d a mesopPP¥Pper at ur e
required to achi eygafiéeddV Jetabouty ar inpnakd with alumfmad (29UBOgENtWathat | i ng

ong o oo hel SR AR Wi son ohf MRS T Bty b
mulled and then extruded, together with an extrusxon aid,
into pellets of cylindrical shape. The pellets were dried

15 statically for 2 hours at 120 °C and then calcined for
4 hours at 535 °C. After cooling down, the pellets were
washed two times with an agqueous ammonium nitrate
(1 mol/l) solution and then dried and calcined as before. -
The pellets so obtained had a circular end surface

20 diameter of 1.6 mm and a water pore volume of 1.36 ml/g.
The pellets comprised 5 %w zeolite beta (first cracking
component), 50 %w MCM-41 aluminosilicate (second cracking
component) and 45 %w alumina (binder), on a dry weight
basis.

25 (ii) The pellets prepared in (i) above were
impregnated with nickel and tungsten as described in
Example 1 (ii). The resulting pellets contained 4 %w
nickel and 20 %w tungsten, based on total dry
composition.

30 Comparative Example D

A catalyst composition outside the scope of the

present invention was prepared as described in Example 4
above except that the pellets impregnated in step ({ii)
contained 50 %w MCM-41 aluminosilicate (silica to alumina



TABLE || Fresh cat al yst

C- 424/ C- 424/ Cat. 1 Cat. C
;I'_?_[rp ](gerr] C) at 65 %v 371.5 372 net conversion

. err

Clasa ) cHpsgEes | e a0ed Chl Vtnmeong,
Tenp. ([err]C) at 65 %w 378 383 net conver si on
(T[err]) AT (T[err] - T[errkd ¢[err] O 6.5

11 As will be observed from T Table 11, the act|V|ty

| oss (as indi catmed.asy xaTiof 36 ; Cneappere diamat@rapfsabout 2 nmk Fdsiti on

accordi ng to th%@rﬁﬁmhﬁlﬁgenbhoa)dwswém bisis. t han that for the
comer ci al Catal yst % and i Qs g 71 20
PCT/ EP96/ 05352 The catalys compos:.t:.on conta:medvg W nic e antdnat t he

cat al yst conposi2d Gw afungsten,vbasednohakotak \[dry compositivemt ageous

stabili " E::a@%l e 4 (i) A catal yst conposition
according to thé presen | nvent |$n was &p onbi ning a
zeolite beta n@bgdgycﬁgg;}:hﬁgapgy “ﬁ?pé’l g\"’ﬁa ﬁg?ﬁlfsrr atio of 114
and a crqcaﬁ;nis:sum |0|f Ekampliegé SlexreirsEftem geferred to as 500

Angstroms) wth an a)rgep ;}9 ?ggegg ? % Cé%@c&d@%tage serlmfﬂw

cont ai ni ng organi ¢ p avi n ica fo al umina
mol ar ratio of 1SimiHR 4686 The test:.m e&b&&t‘ 3N ONCeT | it h

al um na x29. 8 g)thﬁﬁﬁgﬁ mlcrcflow equipment whlch had been loaded with a
top catalyst bed comprising 1 ml C-424 catalyst
(commercially available from the Criterion Catalyst _
Company) diluted with 1 ml of 0.1 mm SiC particles and a
bottom catalyst bed comprising 10 ml Catalyst 2 diluted

15 with 10 ml of 0.1 mm SiC particles. Both catalyst beds
' were presulphided prior to testing. '
' The test involved the sequential contact of a
‘hydrocarbonaceous feedstock {a heavy gas oil) with the
‘top catalyst bed and then the bottom catalyst bed in a
20 ~ once-through operation under the following process
' conditions: a space velocity of 1.5 kg heavy gas oil per
litre catalyst per hour {kg.1-1.h-1), a hydrogen
gas/heavy gas oil ratio of 1400 Nl/kg, a hydrogen
sulphide partial pressure of 5.6 x 105 Pa (5.6 bar) and a
25 total pressure of 14 x 106 Pa (140 bar). '



and acetic acid were added and the resulting m xture was mul | ed and

then extruded, together with an extrusion aid, into pellets of
cylindrical shape. The pellets were dried 15 statically for 2 hours at
120 [err] C and wésefngess ci ned for 4 hours at 535 [err] ey 5382
cooling down, the pellets were washed two tines with an aqueous
ammoniumnitrate (1 nol /1) solution and then dried and cal ci ned as
bef ore. "~ The pellets so obtained had®h Ttircular end surface 20
dianmeter of 1.6 nmapd_a r re vol f 6¢ 14 . h

pell ets conprised 5 %&ez}e’%eg%%tiﬂ( %s%srﬁehgga%ﬂ%ngﬁi&mg p&é’r?ﬁér%é%?)’, 50
% MCM 41 al umi n&sirbonacenterstond cracki ng : B6e@&f®pdMent) and 45 %w

al um na (bi nder) pyeR-ogedll ¥oneeatt basis. 23.35 3w (ii) The

pell ets prepared_j.n (i) _abgve were i npregnated with nickel and
tungsten as descﬁlﬁé'ég%ﬁ (4 conteBt mle 1 (ii)t ?%epPg'gul ting pellets
cont ai ned54 %w Added nnDeRelamime 20 %v t ungst en, UPasSed/¥g total dry

conposi tion. 30 Conpar ati ve Exanple D (equivAlestakyst

conposi tion outside the scope of the pr esent inventign was prepared
as described in Exanple 4 above except th OPhBPBQIP ts inpregnated
in step (ii) Totalcoatzogen ON) verMemtdl al um 399 ppmwe (silica to

al um na Density {67808 : 0.8789 g/ml

SCT EPac 05352 Densify USAANEP 750, 9/ mol ar

rati o 191%esopoPendit¥eddP/4:Chbout 2 nm) and ¢ ©-8%4758/8% ajunina, on a
dry wei ght basi sMoclar weight The catal yst conposi433ol cont ai ned 4 %w

ni ckel and 129 Ly ifased on total gdrgy ogOnposition. 5
- I H
Exanpl e 5 nt a¥%§ E gﬁ%??%%ﬁ?ng per f or mance ot t he catal yst
conposi tion of ERIWePRILRBIPPERE er referred 1o °C Catal yst 2)
was assessed in #ineldobdiliagepsint es-fl ow : 620 °C
15 Fraction boiling below 370 °C : 2.0 %w

Fraction boiling above 540 °C : 13.3 %w

HYdrocracking performénce was assessed at conversion -
“ levels between 20 and 85 %w net conversion'of feed
20 .components boiling above 370 °C. The results 6btained at
40 %w net conversion of feed components boiling above
370 °C are shown in Table III below.

Comparative Example DY
The test procedure of Example 5 was repeated except
25 that a bottom catalyst bed comprising 10 ml of the

catalyst composition of Comparative Example D
(hereinafter referred to as Catalyst D) diluted with
10 ml of 0.1 mm SiC particles was used. Hydrocracking
performance was assessed at conversion levels between 20
30 and 85 %w net conversion of feed components boiling above
370 °C. The results obtained at 40 %w net conversion of
feed components boiling above 370 °C are presented in
Table III below.



sinmulation test. The testing was carried out in once- 10

m cr of | ow equi pnent whi ch had been | oaded with a

conprising 1 m C-424 catal yst

.Criterion Catal yst

particl es andv@97/20016

diluted 15

sequential contact of a
oil) with the
a 20

t hr ough
top catal yst bed

(comrercially available fromthe

Conmpany) diluted with 1 m of 0.1 mm Si C

The test
hydr ocar bonaceous feedstock (a heavy gas

bottom cat al yst bed conprising 10 nPCEEPAYeIR >
with 10 M of 0.1 nm SiC particles.
wer e presul phided prior to testing.

Bot h catal yst beds
i nvol ved t he

top catal yst bed and then the bottom catal yst bed in

velocity of 1.5 kg s oil

once-t hrough operation under

process -

conditions: a space per litre
catal yst per hour (kg.l[err].h[err]), a hydrogen gas/ heavy gas oi
rati o of 1400 N /kg,[ a hydrogen syl phig N6kl Byseegssurie of 5.6 x
10[err] Pa (5.6 bar)] and a 25 t ot al essureof-1H—x—166—+a (140 bar).
WD 97/ 20016 C-424/pcy efgdd352
- 21 - The heavy gas oil use§l h@dtthb fdl | aatng 2pr operti es:
Car bon cont ent ) TRV Fy|dr 0ggg. cont ent
13.35 % Ni t)r TRy (ﬁfbc’céﬁtgﬁt v 422 Dl DausCs Added
n- Decyl am ne net convergiom g/ kg
(equivalent to pProduct 1100 ppmv N)
Total nitrogen (N) dontent - 1119 pp Oensity (15/8 O
0.8789 g/m 10 Iersss i des o ™ . 0.8447 g/
Mol ar wei ght (3w on feed). 433 g Initifal boiling point
349 [err]C s@@wéxuéj)ng poi nt 2.3 463 herr]
. . n . 1 . . .

.Flnal boi i ng poi nt (Ca) 620 [erd]C 1.7 2.6

Naphtha 16 24

(Cg - 150 °C)

| Kerosine 30 32

{150 - 250 °C)

Gas 0il 50 40

{250 - 370 °C).

Iso/Normal ratio of 0.6 2.1

butanes

Although Catalyst 2 according to the invention shows
a slightly reduced (but nevertheless still high) middle
distillates yield compared to Catalyst D, its activity,
as seen from the temperature data in Table III, is

10

significantly better. Furthermore, analyses of the middle
distillates obtained in each of Example 5 and Comparative
Example D' show that middle distillates obtained by a
process according to the present invention have improved
cold flow and combustion properties (see Table IV
following). The pour point (as determined by ASTM D on
is the lowest temperature at which an oil will flow; the
freezing point (as determined by ASTM D 1477) is the
temperature at which crystals first appear when a liquid



15 Fraction boiling below 370 [err]C 2.0 %w Fraction

boili ng above 540 [err]C :13.3 %w Hydr ocr acki ng

per formance was assessed at conversion | evel s between 20 and 85 %w
. net conversi anﬁig'fc/ﬁﬁﬁ 20 conmponents boiling above 370 [p¢tkfsnssshe
resul ts obtaine 40 %wv net conversion of feed conponents boiling
above 370 [err]C are shown in Table |11l bel ow Conparative
Exanpl e D The test procedure 0123Exanpl e 5 was repeated except

25 that a bottom cat al yst b CO r|S|n 1 f the at al yst
conposi tion of Coﬁﬁa?%‘?f"v‘g’ WB .9? &%I nfegfﬁ?’r%%lﬂ?o as
Catal yst D) dil utpdisezh is the mammmn belghtl ofn BiaRep smepisuresd wWas used.

Hydr ocr acki ng m%lnﬁgﬁ'@é @c”%ﬂ&’ﬁsaﬁséﬁsﬁﬁlﬁtbnﬁq{“éﬁﬁ:%b% LRyRL5g bet ween

20 30 and 85 net conyer si on of fe boi | 5: g above
370 [err]C. The rEstpsingAngd gap of 46°W?1%‘F ’ﬁsonnG'P thenes andqg
conponent ssboi | i ngréhattes,/bf evhiilcB &he formentlsive nthe least Tahdendylto
E’%l'l';)\llzvi:’Q 6/ 05352 smokeW%r?J 2%y ]].%ttcr.r have the great':@?zt:2 t_ende1:1cy t? smoke
TABLE 1|11 in a wick-fed appliance. A good quallt@'atb&\%f'gsyé%em
C 424/ C 424khould contain a sufficiently high proportionCaf. D
Cat. 2 r at. . 0 e A22 396
net conversi on paragfms ér&cgrt{)kg}xugc? Eu.éﬂ éMbke point’
IABLE IV

Product Comp. Example D' Example 5

Kerosine

(150-250 °C)

Smoke point (mm) 23 30

Gas oil '

(250-370 °C)

Smoke point (mm) ' 17 23

Pour point (°C) - -18 -18

Freezing point (°C) -8 -13




Sel ectivities (%v on feed) Gas (C[err] C[err])
2.3 1.4 (Cerr]) 1.

ferr & e osi ne |IIIIIIIIIIiiﬁIIIIIlIIIIIIIH (qf,;fg,]za‘ 10

(150 - 250 [er¥q&jy2e016 POGOS3SZ 4

(250 - 370 [err] O Iso/hbrnal rati o of 0.6 2.1
but anes Al t hough Catal yst 2 %ﬁcording to the invention shows
a slightly reduced (but neverthel ess still “fi gh) mddle distillates
. yield conpared to Catalyst D, its activity, as seen fromthe
- tenperature data in Table IIl, is 5 c Isgg:giﬁis:antly better. Furthernore,
- anal yses of the mddl e distillates obtained in each of Exanple 5
* and Conparative Exanple D show that mddle distillates obtained by
a process. ack aratiaiysto d)h@opiei;entcdmmeiraiing\alsa\f&rhﬁpéﬁae!dmg

cold flow and co g?§$ S e n he
pour point (as d m nedp‘{)%?r o bé§§ ﬂ@ﬂf A\é ]]Tq'ﬁa =S Lgph?%ng'ggr’ld J;Elj-re
at which an oil Fﬁ¥4°f¢§w?ttlﬂ§3t 20 whicheks iy the H*nWh§ der¥skaked by
ASTM D 1477) is 1é6s than 100 eiipdnablice;as séceid unsking tbmpbnappear when

aliquid 0,
PCT/ EP96 /%5352 sgﬂgt?ég gb@n (1) crystalline mo]zefular smvggopgaln%n d the

snoke point (as Peres widy dianetems gpeabep)than (hd me fiddd hei ght of flane
nmeasured in M éLySEAIREna)! md"ddiﬂaar&ﬁsohlumﬁlésﬂﬂ.’d%ﬁust hawing"pbiras-

Kerosine and gas,ol), SOMRILSS RE &k 183ac "R %P Y15) clays; and

at least one hydrogenation component.

10 2. A catalyst composition according to Clalm 1, wherein
the zeolite beta has-a silica to alumina molar ratio of .
at least 50.
3. A catalyst composition according to claim 1 or
claim 2, wherein the zeolite beta has a silica to alumina

15 molar ratio of at least 100.
4. A catalyst composition according to any one of
claims 1 to 3, wherein the zeolite beta is in the form of
crystals with sizes in the range from 30 toc 50 nm.
5. A catalyst composition according to any one of the

20 preceding claims, wherein the second cracking component
is selected from (i} crystalline molecular sieves of
structure type FAU, EMT, MOR, LTL, MAZ, MTW, OFF, BOG,
AET, AFI, AFO, AFR, AFS, AFY, ATS, VFI and CLO; (ii)
crystalline, mesoporous aluminosilicates of structure

25 type MCM-41, MCM-48 and FSM-16; and (iii) clays of the
non-pillared smectite type.
6. A catalyst composition according to claim 5, wherein
the second cracking component is (i) a crystalline
molecular sieve of structure type FAU or {ii) a

30 crystalline, mesoporous aluminosilicate of structure type
MCM-41.



aromatics, of which the fornmer have the éast” ‘Tendency to  snoke and the

| atter have the greatest tendency w ck-fed appliance. A
good- qual ity burning oil shoul d”mmm' m,”m'u ,i iently high proportion of

paraffins and tQy978008é 0 snoke poi*nte L PCT/EP96/0s%3L E
|V Pr oduct Conmp. Exanpl e D Exanpl e 5 Ker osi ne
(150- 250 O Snoke point (nm 23 30 Gas oil
(250-370 Q) Snmoke poi nt () - 2p7 - 23 Pour
Poént (9 7. 13A catalyst compe@igﬁplzoﬁi%orélenegz Ito a%?rl gg’ze( Lgr rI]xC)

PCT/ EP96/ (6352 preceding claims, wherein the at least24ne hydrogenation
CLAI MS com orent” LAlE1E GO FROR! éf&ﬁb Wtyqéld}%u Sy ?t&st

cracki ng onent. a zeol,ite beta havipg a silicat um na nol ar
ratio of at | east“‘?@aWM cq'}"?’sr i9Fides PR PUIPRIYRT Al s | ess than 100
nmin sizes a secsnd Xrextalystc compositibn accosdigs ted anyoonei £ the

crystalline mole gLéée&mgfeame "Gherein thBOLESIdhd dAGLELEALERLE"

than 0.6 nm (i rystal’lin NMesopor ous a um nos avi ng
por es Wi tﬁO'm’%%fE"er’ss aelactleéa&fom W%ﬁ? ST (GYRISERRY s CORALL
nickel, platinum and palladium, their oxides and
sulphides.
10 9. A catalyst composition according to any one of the

preceding claims, which further comprises an inorganic
oxide binder.

10. A catalyst composition according to claim 9, wherein
the binder is selected from alumina, silica, aluminium

15 phosphate, magnesia, titania, zirconia, silica-alumina,
silica-zirconia, silica-boria and mixtures thereof.

11. A process for converting a hydrocarbonaceous |
feedstock into lower boiling materials which comprises-
contacting the feedstock with hydrogen at elevated.

20 temperature and elevated pressure in the presence of a
‘catalyst composition as defined in any one of the
preceding claims.

12. A process according to claim 9 which is carried out
at a temperature in the range from 250 to 500 °C and a
25 " total pressure in the range from 3 x 106 to 3 x 107 pa.



at 1east one hydr ogenati on conponent. 10 . 2. A catal yst conposition

according to claim1, wherein the zeolite beta has a silica to
glunina nolar ratio of at least 50. @ 3. A catalyst
. conposition according to claim1 or claim2, wherein the zeolite
beta has a silica to alumna 15 mol & Tratio of at |east 100.
4. A catal yst conpositjon accordlqg to any .one of clains 1 to 3,
‘wherein the zeBFgggsbePévfﬁgln”?TRa?QN%ﬁQﬁ”*“Y that isy @ FPEPGPERes| zes in

the range frome88lyet50 Ware particularliy cattalhsst beempdsuhdonhatcording to
any one of thg¢lnt ageoRb °FELL Nk o1 Al ematiY ﬁl@ﬁm ReeoRd e agkt o0

conponent él'ected from (i) crys al ecu ar sieves of
structure typ#i FA@S EMF iprRgas Trakaean MrnC edogsing a compg$iter

AFO, AFR, AFScafhY ?56T$h1¥F|L6m@r£léﬁ dlsﬁec1&1c tvp&fb&tabeQEe bESonrous

I I t t t 41 d 16; d
T e ey oy 3 EAShUEERRy wigh AVERATRY Bl 81300 ERLL0 an

cat al yst conpasdtaoneaecmvdlthMnglQWYﬁ%?I\ﬁuﬂﬁﬂkﬂ Comblnatﬂﬁé waEbnd

cracking conpgRgRhelrSattlva Efﬁéﬁfﬁl‘éhﬂﬂnponeqt nol ecul ar si eve of
structure type rystalllne

QpQr Q '
al um nosi.licate ansPrEEF ?éc?yﬁﬁpn the “Pragaqt & nveﬂi R Uere %0 97/ 20016
PCT/ EP96/ 05352herefore provided a catalyst c"mpos;tacg5cumprlslng ag. A

cat al yst COWQiFELOErQEQQEQ' @Sw%&né’:‘i‘&/ ONgai s E@%eca hav:. R acgdingacl ai ns,
wherein the at [east one t1on |s sel ect ed from
Group VI and EPodpuRLRR molar rdﬁ%?a?s a?r&ﬁ?s%D3Qj BhitdEs. 5

8. A catal ystgeanaﬁist&yeﬂaaecoéds nghao BIY mwmelrofsitdes a seconapr_ecedi ng
claims, wherein tReral ;aegeesgygé DLENAEANL) cryscdampRent i
denim

sel ect ed from” ﬁSFK ungst en pl ati ngl m and
~ pal | athum th@pﬂegypggssaﬁaes having pores with dlameters greater ! :

0.6 nm, (ii) crystalline, mesoporous aluminosilicates
having pores with diameters of at least 1.3 nm, and {iii;
clays; and at least one hydrogenation compcnent.

' The catalyst composition of the inventicn is also

-l

advantageous in that it possesses gcod stability.

(1%

The first cracking component is a zeolite beta having
a siiica to alumina molar ratio of at least 20 which is
in the form of crystals less than 100 nm in size.
In the present specification, unless otherxwise
25 stated, the silica to alumina molar ratic of a zeolite is
| the molar ratio as determined on the basis of the total
or overall amount of aluminium and silicon {(framewcrk and
non-frarework) present in the zeolite.
_ . Preferably the zeolite beta has a s*llca te alumina
30 molar ratio of at least QC,lmore preferably at least 50,
 still more pfeferably at least 8C and most preferably at
least 100. For example, the zeolite peta may have a
silica to alumina holar ratio in the range from zZC to
150, preferably in the range from 50 to 150 and
38 especiaily in the range from 160 to 150. Very

I

L especialiy o least 50
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(54) Tide: CATALYST COMPOSITIONS AND THEIR USE IN HYDROCARBON CONVERSION PROCESSES

(57) Abstract

‘The present invention provides a catalyst composition, and a hydrocarbon conversion

in which it :s.used comprising as first

cracl:mg component a zeolite beta having a silica to alumina molar ratio of at least {20) which is in the form of crystals less than 100
nm in size; a second cracking component selected from () crystalline molecular sieves having pores with diameters greater than 0.6 nm,
(i) crystalline, mesoporous aluminosilicates having pores with diameters of at least 1.3 nm, and (iif) clays; and at least one hydrogenation

component,




