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CATALYST COVPOSI TI ONS AND _THEI R LISE | N HYDROGARBON
CONVERSI ON” PROCESSES The present invention relates to

catal yti c conpo- sitions and hydrocarbon conversion processes using
t hem . Many hydrocarbon conversion processes in tHerEpe600915
petroleun1iﬁﬂ3 re carried out using catalyst 5 conposi tions based
on.zeolite Y. The zeolite Y has very often been subjected to
certain stabilising and/or deal um nati on process steps during its
preparation which result in its having a reduced unit cell constant
(aferr]) and an increased silica to alumna nolar ratio. These 10
stabilised zeolites, as well as the as-synthesised zeolite Y,

possess relatively few pores that are Iarger tg&g 2 nanonetres (nm
in diameter and therefore haGATALYST COMPQSITIQNE MW J&EIR ol une (a

mesopore has a dianeter ysg IN HYPROCARBON i CONVERSION)®ROCESSESt 0 60 nn). 15
US-A-5 354 452 discloses a process in which ultra- stable Y

zeqlites having a silica to alumna nolar ratio of 6 to 20, and
superul trastabl e Y Tbel presenhsvinyention relatgs it qdFadV¥Arn&OMBPar ratio

of at least 18 aji¢ idr#isnd hydrocafBbh EoMvéréiod dhriddssedl udihg0them?. 448
nm (24.20 to 20 24. 48 are subjected. to a hydrother t r eat ment
with st eam MERYOSY BCEEBB"FCJP‘BY?%?PW s;asd‘iﬁ”g ment at

140 to 220 [err]getrbieuny dnduistryabky- tarnied oublusging catalyst

et ok o PGS naBal oA, sLBLELE]3, IIEIONIR ¥ pep vekle
vol ume cont ai nec®itemdafiosbigsieAgty certaln ﬂ?%ﬁ’é’é"q% at"’ﬁ’(!o"’trange from
10 to 60 nm (1QfedXuntitfatAonobrocess st8pd9duping 1Btsrprgpaxat iont shikchpor e
volume of 0.16 {fesult in its having a reduced unit cell constant (ap)
and an increased silica to alumina molar ratio. These
10 stabilised zeolites, as well as the as-synthesised
zeolite Y, possess relatively few pores that are larger
than 2 nanometres (nm) in diameter and therefore have a
limited mesopore volume (a mesopore has a diameter
typically in the range from 2 to 60 nm).
15 Us-A-5 354 452 discloses a process in which ultra-
stable Y zeolites having a silica to alumina molar ratio
of 6 to 20, and superultrastable Y zeolites having a
silica to alumina molar ratio of at least 18 and a unit
cell constant {(ag) of 2.420 to 2.448 nm (24.20 to
20 24.48 A) are subjected to a hydrothermal treatment with
| steam at 1000 to 1200 °F followed by an acid treatment at
140 to 220 °F. The hydrothermally-treated zeolite is
characterised by a unit cell constant (ay) typically in
the range from 2.427 to 2.439 nm (24.27 to 24.3%9 A), a
25 secondary pore volume contained in mesopores having a
diameter in the range from 10 to 60 nm (100 to 600 A) of
0.09 to 0.13 ml/g, and a total pore volume of 0.16 to
0.20 ml/g, whereas the acidified, hydrothermally-treated
zeolite is characterised by a unit cell constant (ap)
30 typically in the range from 2.405 to 2.418 nm (24.05 to



0.20 m /g, whereas the acidified, hydrothermally-treated zeolite is
characterised by a unit cell constant (a[err]) 30 typically in the

range from 2.405 to 2. 418 anZ4 05 to WO 96/ 27438
PCT/ EP96/ 00915 -2- 24.18
[err]), a secondary pore volunme contained in mesopores
di ameter in MOPRMBe from 10 to 60 nm (100 to 600 ngto
0.14 m/g, and a total pore vol une of 0.16 to 0.25 m/g. 5
It has now surprisingly been found possi bl e t-o prepare catal yst

- conpositions containing certain 'Y-type' mol ecul ar sieves wth -even

hi gher nmesopore 240118nd3 ,whi ekcondary pors/ varhumet a:gaemaihydb’enuseﬁbpmmme
conversi on of Nifiing a diamef8EDEH Ohd Sraryd) £h 40! RbYEDCafi! PEKD

hydr ocr acki ng, 10 4 to pro uce desira e products i.n great erw%l el d and
sel ectivity. 600 A) of Prn1acEBr Bakt Mgt Ak 3y otddt PPRG KPR fhere is
provi ded a cat alo.qt6 a@MEQest mdAgconpri sing a nol ecul ar si eve having

a structuge substan i cel |
constant (aferr]) | tellsslh%ah gr §g%rf§1&gsly beetnz%%%l%ﬁfgﬁ aé nesopor e

vol ume, cont ai n@FERAneeSGFGLYSt compositigns Fant@diniagecerhaine’ Vaﬁmef rom
2 to 60 nm of aolecular siedeb Gifh &é¥éd hiihr? ol e VBROALE YhEch

rel ati onship stant err] d the
mesopore 20 Wolqﬁ@q\%gﬁgf“?ﬁgdgﬁsu?%ﬁ& J&Vgﬁ’e Ebnvedsibh %!ﬁa?
Conatant (nn) carbon oiflissogege byl catalytig)cracking or hyéraesa@bxng.

aferr] >8.460 to produce delsgihbi- Qﬁbducts in greé%e@ﬁgnhﬁarkna[err] [err]
2. 450 [ers] Q.18 450 > aferr]

[err] 0.23 25 Belectivityy 1o a[err] [err] 0.26
The nol ecul ar si eve Irs estcdordaneecwithyshe qurgeenitt iimvention, thetret he

invention is de{#{&&%%nﬁa\éaﬁlg st! Edfipdifeion compri¥ifial mdhb¥uile same

as zeolite Y. T ion 1
sieve having a structure substantially the same as
15 zeolite Y, a unit cell constant {(ag) less than or equal

to 2.485 nm and a mesopore volume, contained in mesopores
having a diameter in the range from 2 to 60 nm, of at
least 0.05 ml/g, and a binder, wherein the relationship
between the unit cell constant (a,) and the mesopore

20 volume is defined as follows:
2.485 2 ag > 2.460 2 0.058
2.460 2 ap 2 2.450 2 0.18
2.450 > ag > 2.427 2 0.23
25 2.427 2 ag = 0.26

The molecular sieve used in the catalyst compositions
of the invention is defined as having a structure
substantially the same as zeolite Y. This definition is
intended to embrace molecular sieves derived not only

30 from zeolite Y per se but also from modified zeolites Y
in which a proportion of the aluminium ions have been
replaced by other metal ions such as iron, titanium,
gallium, tin, chromium or scandium ions but whose
structures are not significantly different from that of

35 zeolite Y, as may be determined by X-ray crystallography.



intended to enbrace nol ecul ar sieves derived not only 30 fromzeolite
Y per se but also fromnodified zeolites. Y Ln which a_praportion of
the alum niumions have been repl aced by other netal ions such as
iron, titanium gallium tin, chrom umor scandiumions but whose
structures are not significantly different fromthat of 35 ide Y,
as may be de™9 M4 by X-ray crystall ography. W%ﬁ%%
PCT/ EP96/ 00915 - - 3- Exanpl es
of suitable iron- and/or titaniumnodified. 3 . zeolites Y are those
di sclosed in US Patents Nos. 5 176 817 and 5 271 761, and exanpl es
gf sritagle Exangleariofmsudtdbie ikannrahdldxiﬁmuﬂdﬂumSFMdafeeahose g

I scl osed in EP- 77 ar sieve used in
t he catal yst ée%zljlé:(j)errposﬁrleoﬁgos? gﬁ%ﬁ%@%t’f%% rsﬁr’):% &r abl y derived
from a zdg+t+ & 176eBlIecand. §. 273 Aebcramd eXamples ofesuitable

'VDLFCULa(Vj Si e\éez c(lﬁ‘d’mi(iil?” %nd%g”tihtﬁoéi‘ﬂléﬁeﬂe&b&cﬂ?y‘@ (irlleo thosig\é\g Br egk
pu I she Yy ope rJ ege nmpany nc an
US Pat ent sJ’DNos é’ﬁfgfﬁﬁi I EpCRY §i6£i?9191, 3 808 326, 3 929 672 and 5

242 677. Hﬁmw.echbam@eeubanseiiefm usgesl p‘memt cabappstti ons
has a unit cell 1@896&] theiﬁvéﬁ ﬂoﬂrlﬁ%ﬁl éﬁb(l Eirel:]ﬁvéé from
2.485 nm (24.85 [er?%% preferably | ess an_or t [err])

2.460 nm (24.60 [%r g BeX ERe Faﬁge“r@?ﬁ‘?r t“é’1 Zeolite 5 485 nm

(24.27 to 24.85 [uurddulaureheweblxscnubbareangneﬁisuny and Usel. b¥7Dbna2d460

A Uit ili?c’cﬁﬁstamﬂﬂ"? PIZREATE) Roere &, et dgll PUENIRGD 0 T,

the range from 2.Qempany Inc., 1924449nﬁnU€2Ha§2¢n¥% Nog .43 RPE GPOa un|t ceII
constant (a[err])3 671 191, 13 '8oe Bagge3f pom 874 58hd & 246G M (24.50 to

ggn?gl /ral\)ed i N mesopor es %g'bq% Q_gr ?ﬁ}{rg?gfgf‘(ﬁ) t%\’ge'f‘ﬁ ezceusle%rt %B%\;/:%S:Lglons
has a unit cell constant (ap) less than or egual to (5)
15 2.485 nm (24.85 A), preferably less than or equal to (<)
2.460 nm (24.60 A), e.g. in the range from 2.427 to
2.485 nm (24.27 to 24.85 A), preferably in the range from
2.427 to 2.460 nm (24.27 to 24.60 A). Advantageously,
the molecular sieve has a unit cell constant (ag) up to
20 2.440 nm (24.40 &), e.g. in the range from 2.427 to
2.440 nm (24.27 to 24.40 &), or a unit cell constant (ag}
in the range from 2.450 to 2.460 nm (24.50 to 24.60 A).
The mesopore volume of the molecular sieve, as
contained in mesopores having a diameter in the range
25 from 2 to 60 nm, will vary depending on the unit cell
constant (ap). The relationship between the unit cell
constant (ap) and the mesopore volume ig as follows:

Unit Cell Constant (nm) = Mesopore Volume {(mi/g)

2.485 2 ag > 2.460 2 0.05
30 2.460 2 ag 2 2.450 > 0.18
2.450 > ag > 2.427 > 0.23
2.427 2 ag 2 0.26

The meclecular sieve may have a mesopore volume of up
to 0.8 ml/g, e.g. in the range from 0.05, preferably from
35 0.18, more preferably from 0.23, still more preferably



25 from2 to 60 nm wll vary depending on the unit cel

constant (aferr]). The relationship between the unit cell _ . const ant
(a[err]) and the nmesopore volune is as foll ows: Unit Cel
Constant (nm Mesopore Vol une (m/Qg) 2.485 [err]
alerr] > 2.460 [err] 0.05 30 2.460 [ ]
[err] 2.450 WO 96127438 [err] 0.18 2.450 > a[err?&%%
[err] 0.23 2.427 [err] alerr] [err] 0.26
The nol ecul ar sieve nmay have a nesopore val yme of up to 0.8 m /g,
e.g. in the range fromO0.05, preferably from 35 0. 18, nore preferably

from 0. 23, still feome0pRéj cadbaytageously from/\D. 96633458rt1cu1ar1y from
PCT/ EP96/ 00915 0. 26,

advant ageousl y fromB égén‘épp%?t?c%I arl%/ fesgecz.ally uB ﬁ°n978 lId%@to 0.6
m /g, especially up Theomelegular sieves usefﬂﬂelﬁotbéupﬁﬁséﬁﬁv%ENQEﬁ¥QH in

t-he present lnveﬁhyoaonvenlenﬂﬁ E@Wﬁaﬁ-@d f\/oa ﬁ&rﬂ&étﬁérﬁ&lathdﬁﬁﬁﬁ'@rnm
treat rrent g a zef \e,'HY or % edez Q e degfﬁ?f;)
above is contacté& H@@F t ReFRB }§ t9F BPLFdES 220 sBFu 3h

di ssol ved t her ei BboNe &5 aontacteéd shydrothermadilys withses . aqueous

wat er - sol ubl e OrQBEhELBH”HQVﬂﬂé &iséblved théf@&ﬂebﬁbuPﬁ sBp¥eshies poi ling
poi nt of the sol ut eric ssure

|8 g ? $ g ﬁgrlo of time
sufficient to  3€ids, BAsEE ML/ ORJIFLEF vﬁ°tll’11 PREABASHOMRAURGT AY A une
I n nesopomempbaatngeaauowaethﬁ boilirg poigt bfothe2 solGbiom at

On conpl gid on Of Pﬁéig h§n| Zeléié ef”éf"l’aﬂfpezti%% B(;OQE&E sufficzléﬁt: to.

separat e mashe waf er ric
aci d, sol ution) 5#9”?@60§9Fe33° Ite withan 1ncreasedoy@§paeaebvoiﬁm% in

treatnent_mnll gmesopolrgshhgeingUai diameter incaHe viange( kol 2etd 60Onmhant)
g?grﬁlﬁél;gglf?e%kugbggletﬁﬂn 3fn€$$T %ﬁ%lré%hﬂ?h% 6%%8%@ Setﬁgbép Jected
to 20 add|t#énéﬁpéféﬁﬁﬂvsﬁﬂsbﬂdaﬁ@#kng(ﬁﬁﬂqmﬁﬁﬂﬂ:Mﬁﬁefréﬁtﬁﬂnééld:
15 e.g. nitric acid, solution) and recovered. The product
obtained by this treatment will generally have a unit
cell size (unit cell constant) and a silica to alumina
molar ratio similar to those of the starting zeolite.
However, if desired, the product may be subjected to
20 additional stabilisation and/or dealumination treatments
as are well known in the art in order to change the unit
cell size and/or the silica to alumina molar ratio.
In the preparation of the aqueous hydrothermal
treatment solution, examples of salts which may be used
25 include ammonium, alkali metal (e.g. sodium and
potassium) and alkaline earth metal salts of strong and
weak, organic and inorganic acids, (e.g. nitric and
hydrochloric acids); examples of acids which may be used
include strong inorganic acids such as nitric acid and
30 hydrochloric acid as well as weak organic acids such as
acetic acid and formic acid; examples of bases which may
~ be used include inorganic bases such as ammonium, alkali
metal and alkaline earth metal hydroxides together with
organic bases such as quaternary ammonium hydroxides,
35 amine complexes and pyridinium salts; and examples of



as are well known in the art in order to change the unit cell size

and/or the silica to_alunmna nolar ratio. In the preparation of
t he aqueous hydrot her nal treatment solution, exanples of salts

whi ch may be used 25 i ncl ude ammonium al kali nmetal (e.g. sodium and
potassium a j ne earth netal salts of strong and EPYEGI9
organi c and inofganic acids, (e.g., nitric and hydrol(’:ﬁ oric z’ﬁ:i ds);
exanpl es of acids which may be used i ncl ude strong inorganic acids
such as nitric acid and 30 hydrochlorie€ mcid as well as weak organic
aci ds such as acetic acid and formc acid; exanples of bases which
may be useatem@aladlenorganic bempeunds twhishsmaynbensgikanelude

metal and al kal i & _& dmoals Bndr ekhess. t Ofed h¥ndlidtiration andOARSGHE

bases such as quaughﬁgry armnnlumlhgdromdesé 35, . ..am.nhe conRLexes and

pyridiniumsalts;® S RAMTONE gplution contagyed)dyith, fhe starting

PCT/ EP96/ 00915 2zeolite is adjusted to provide at leasdk 0.1 part by

wat er - sol ugl e orgﬁﬂi n ' | e :

derr] -C[eir:’)r] al coqﬂof}stcmwgt %ﬁ%ﬁéﬁ%ﬁ%ﬁ#ﬁ%ﬂ g%gﬁt:.ght of of

the -aqueous sol ut3&shtidéEnt 8% 8d ¥yt Wet 8Bt sPagi8 ng zeolite is

adj usted to provide amhd bfOthepafuebiis Bydrothe¥iisghit repltwenef sdlaspbned
PES Gyl Ry

sol ute per part ' eol i y i S
The ph of the aqieShSauPRineFR? Prdcthord Hkdhdins W G 1RkIgca
between 3 and 10 z@ekide & gonPeokreptednndi high)oxr a low pHepiayt bey to be
treated, gohigh ct{]réréﬁuqu MusbeitOthe stRFEIy 'Ablitthhs bf uhie cell

startmg 200l (e b A SELE, o 2468 B0 8 b al SRS Fdgl ¢
maintain or adjus2.48®e i, it is debirableotatmaintairoroxn adjmstathewpth t he
11 T congt e gk Pkt ol i) g e 4
than 2.450 nm (2. ¥RPRS 4afete] 85 3i45Renpfarting 39R1i%e das a unit pe
sol ution shoul d deslY adunstantnHiaph aoficrom grigarsérckhan 2.427 to less
than 2.450 nm (2.450 nm > ag > 2.427 nm), then the pH of
the solution should desirably be maintained or adjusted
to a value of 3 to 8; and if the starting zeolite has a
_ unit cell constant (ay) less than or equal to 2.427 nm
20 (2.427 nm 2 ay), then the pH of the solution should
desirably be maintained or adjusted to a value of 3 to 7.
The temperature of the hydrothermal treatment should
be above the atmospheric boiling point of the 'aqueous
solution. Although temperatures up to 400 °C can be
25 used, a temperature in the range from 110 or 115 to
250 °C is usually satisfactory. Good results can be
obtained using a temperature in the range from 140 to

200 °C.
The treatment time is inversely related to the
30 treatment temperature. Thus, at a higher temperature, a

shorter time will be required to effect a given increase
in mesopore volume. The treatment time may vary between
S minutes and 24 hours but is usually in the range from 2
to 12 hours. '



to a value of 3 to 8;, and if the starting zeolite has a unit cel
constant (a[err]) less than or equal to 2.427 nm 20 (2.427 nm[err]
aferr]), then the pH of the solution shoul d desirably be maintained
or adjusted to a value of 3 to 7. The tenperature of the

hydr ot hermal _treat nent shoul d be above the atnospheri I 11 ng
poi nt of t he WOWHS sol ution. Although tenperature%cﬁﬁgﬁﬁm%%
[err] C can be 25 used, a tenperature in the range from 110 or 115 to
250 [err]C is usually satisfactory. Good regul.ts can be obt ai ned
using a tenperature in the range from 140 to 200 [err]C

The treat ment t| e | Thénderation ref ajlrd hydroibesial tredtWeitRitd the
eani ot to ef { otEugaEabubl SRETWARIP YA Goplica showid B fjed 1! D

required to effe 'Ven i ncrea
treatnent time nRYOVAAS Bcmepgepore volumes im ﬁb@eglana product whih jis

usual ly in the ragggehbens®, preferably bt Nedst 10%, larger thMdn HiHe27438
PCT/ EP96/ Q0915 The

6:
duration o the MEEPBPRE: KBIUFS B RG SHAFHiRS ze°11teterrperature at which
it is applied shoul dAbprefiehred mslecular sgievei e usecinpthe cattakpsti n t he

final product m'c%ﬂgbé:.txo ofaéhéﬁilféseﬁzé ipRenRs 'Xsaﬁnéeﬁfépézc% Ey'irager

than the 5 nmesopore volune 1 n starting zeo
preferred mol ecuPXPCERE, EOMBYL8ing (COMAGINY gst m°d1f1°d?:oﬁ%§+’%¢ oh &t the

present inventiohereinbefprepdefingd ydrothermaldgewithoanragieguLont acting

a (modi figg) 2eoldch@eYofSnaving AlGESIINE et alel ABIDYAERLNGLIEL!Y Wi th

an aqueous 10 2 I'n one Of nore
aci ds, bases and/a@rzdaat bassm aaﬂ °§r@%¢ﬁ%’%¥&i®d’§9&?l§ compoun@%rﬂferaature

above the at nosphemperatukengbsoenthefatisspheric boillihgopoihe! dHVeEse by
separation and ez 'EQ&#,thiTo hdby separé%%égl() washing with an acid
solution.
15 The acid solution may be an aqueocus solution of one
or more acids selected from inorganic and organic acids,
e.g. nitric acid, hydrochloric acid, acetic acid, formic
acid and citric acid. Compared to using (deionized)
water, washing with an acid solution has the advantage of
20 further enhancing the middle distillate selectivity of
the increased mesopore molecular sieve.

As binder in the catalyst compositions of the
invention, it is convenient to use an inorganic oxide or
a mixture of two or more such oxides. The binder may be

25 amorphous or crystalline. Examples of suitable binders
include alumina, silica, magnesia, titania, zirconia,
silica-alumina, silica-zirconia, silica-boria and
mixtures thereof. A preferred binder to use is alumina,
or alumina in combination with a dispersion of silica-

30 alumina in an alumina matrix, particularly a matrix of
gamma alumina.

The catalyst composition of the present invention
preferably contains from 1 to 80 %w (per cent by weight)
of the molecular sieve and from 20 to 99 %w binder, based

35 on the total dry weight of molecular sieve and binder.



15 The acid solution may be an aqueous solution of one or
noLe acids selected frominorganic and.organic acigds. e g nitric
acid, hydrochloric acid, acetic acid, formc acid and citric acid.
Conpared to using (deionized) wat er, washing with an acid solution
has the adva 20 further enhancing the mddle di sfdgddR600
selectivity (r#&g&,g;a the i ncreased nesopore nol ecul ar si e\s;éa& 15
As binder in the catal yst conpositions of the invention, it is
convenient to use an inorganic oxide or - 7 - a mxture of two or nore
such oxides. The binder may be 25 anor phous or crystalline. Exanples
of suitable bi ndb}pgfe .preferalp.}:m ume anamlmst sbhpoai;i:ggrm@taazims o,
zirconia, flothl ??‘%U:gf[)&e%dllt&ﬁfl@rr%‘i&krlé’ a_ﬁalffa:nbw@oas"biaiw _
m xt ures ereof referred bjnder use i s alum na, or alum na
in conbi nation thlﬂdErdi P PRF Y% §xam, 20350 son%puﬂg nhe MALHIRE na
matri x, particul aikeyeaandtfromd$0 to 80 %wjdnimdexl, ubhsed on the total Tdwy
catal yst @&onposi Le98hef of Pé&?%?.éi@(ﬁemé ind preferably contains
(pe? hﬁo wel ) nﬁng]g.nt fe o

from1l to 80 %w cent t . . | ecul ar si eve and
from20 to 99 %w bi nB@P?n@hg%cP‘B%he' ap iGREion: ofF Bhe BEPSARt FARANRI ar
si eve and bi nder compositions (&g 9GR Hafkrocracking), they may further

PCT/ EP96/ 00915

breferably, the SSFEFSEE 254east one Aydrossnapign, comoneny.  Sbffores
the nol ecul ar si efehyfyogenntion teoumpnants usefudi hgethe Predent cul ar from
20 to 50 1%w of thaventeeH! #hclude Graure\eB aed of.r aBLyBaEAuRlaft@ Bhrgiten)

based on the total .d 5 ight, of nol ecyl ar _si eve apd, binder. _
Dependi ng on the® b%&i?i 8nm%€a£?1e($'r%'sé7f?§°#§t'aw5 eI, “Iri t¥fnosi ti ons
(e.g. in hydrocr pdrtigum ahdypatladiunhertheir oxidespandesulphides. orithe
hydrogenation coggeasyse P £Sion prefégag})gdrc%ﬁﬁﬁﬁhhoﬁtci’ gpeRys useful

in the present 1% I nvention include 6B (e, g m)lz g num and
t ungst en) ydrogenation components, e.g. a molybdenum and/or

15 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 the metals are
used in the sulphide form.

20 The catalyst composition may contain up to 50 parts
by weight of hydrogenation component, calculated as metal
per 100 parts by weight of total catalyst composition.
For example, the catalyst composition may contain from 2
to 40, more preferably'frcm 5 to 25 and especially from

25 10 to 20, parts by weight of Group 6 metal(s) and/or from
0.05 to 10, more preferably from 0.5 to 8 and advantage-
ously from 2 to 6, parts by weight of Group 8 metal(s),
calculated as metal per 100 parts by weight of total
catalyst composition.

30 The present catalyst compositions may be prepared in
accordance with techniques conventional in the art.

A convenient method for preparing a catalyst
composition for use in cracking comprises wmixing binder
material with water to form a slurry or sol, adjusting

35 the pH of the slurry or sol as appropriate and then



and G oup 8 netals (e.g. cobalt, nickel, iridium pl ati num and

pal | adium, their oxides and sul phides. The cat al.yst conposition
preferably contains at |east two hydr ogenat,i on conponents, e.g. a
nol ybdenum and/ or 15 tungsten conponent in combination with a cobalt
and/ or ni ckel conponent. Particularly preferred conbj

are nickel / t WRPERMB and ni ckel / mol ybdenum  Very advat us Besults
are obtained when the netals are used in the sul phide form 20

The catal yst conposition may contain up tqQ g0_parts by wei ght of
hydrogenati on conponent, calcul ated as netal per 100 parts by

wei ght of total sagshysa Wd inlecular 51e56ra§><@é@ithd tddveat al yst
conposition nmay ﬁontgﬁn fro re era

from5 to 25
and especial |y f exr "'“micf"l‘%}%“a&aﬁ%eﬁy RePRHER 2 G Y6 e fR(s)
and/ or from with(a Odesired soldds pn@tsnabaylbnon1thésalnniyamw sol

advant age- is E’HéhYs% Qﬁl&iéa 6, mg?rhg %aa&tpﬂtﬁﬁw getal (s),
cal cul at e%nas me aI Ohlégarts rﬁ/ wel t ot al cataxyst
conposi ti oh. y ST E‘B}?pbgl??%??sn%ﬁw ~&ar ed
I'n accordasace with technlques conventional in the art.

A conveni ent net hod &Qé ﬂé@lﬁ)ﬁ%lf& %%ﬁl#é a cafaﬂsﬁmé itq_rg, f(}:roxuse in

cracki ng COI’TpI’I Ses m Xl n

slurry or sol, aHFGs%PnBY pocrac #ﬂgrﬂqmﬂrﬁﬁﬁé wuiiing @ @RﬁeQE;%ﬁnﬁ%ﬁﬁﬁiate
and then as deffhéf/ &d¥S and binder in the presence of water and

S R L Y e e

desired solids chBAssrreainte. PQ1k9%#LRRQ/QQ1°§6ﬂn9 the pelletmn Fheay-dried.

The spray-dried pglikeebe€hhifUsbtRined JfHWﬂﬁén”&mpbégﬁieQddWiﬁﬁﬂdﬁé(Hf may be

cal cined prior t%ore soluglons of Group 6B and/or Group 8 metal salts and
again calcined.

15 Alternatively, the molecular sieve and binder may be
co-mulled in the presence of one or more solutions of
Group 6B and/or Group 8 metal salts and optionally a
peptising agent, and the mixture so formed extruded into
pellets. The pellets may then be calcined.

20 The present invention further provides a process for
converting a hydrocarbonaceous feedstock into lower
boiling materials which comprises contacting the
feedstock at elevated temperature with a catalyst
composition according to the invention.

25 The hydrocarbonaceous feedstocks useful in the
present process can vary within a wide boiling range.
They include lighter fractions such as kerosine fractions
‘as well as heavier fractions such as gas oils, coker gas
oils, vacuum gas oils, deasphalted oils, long and short

30 residues, catalytically cracked cydle oils, thermally or
catalytically cracked gas o0ils, and syncrudes, opticnally
originating from tar sands, shale oils, residue upgrading
processes or biomass. Combinations of various hydro-
carbon oils may alsc be employed. The feedstock will

35 generally comprise hydrocarbons having a boiling point of



Cne nethod for preparing a catalyst conposition for use in

hydr ocracki ng conprises nulling a molecular sieve as_defined ahove
and binder in the presence of water and 10 opt.ionally a peptising
agent, extruding the resulting m xture into pellets and cal cining
the pellets. _The pell ets thus obtained are then i r%gg%m’ h one
or rm?vé’%"ﬁfl ons of Group 6B and/or G oup 8 net alrrpsalts an s

agai n cal ci ned. 15 Al ternatively, the nolecul ar sieve and bi nder
may be co-nulled in the presence of gone or nore sol utions of

G oup 6B and/or Goup 8 netal salts and optionally a peptising -

agent, and the naktleastsa33®r’Ged éntaupeelfénteﬂ embodimqmtl logt £heThe pellets
may then be cal cipgdnelh, at leas}hg %@t thEVEE'é dék”ﬁ{beraﬁ:f \113\:@5
rocar

process for _ convert| nﬁ opaceous into
boi.l i ng nat eri al BOHRF P e§- com*ﬁc fdskork may havq e PdtFORCRY

el evat ed terrperaemeamtdﬂﬁ aus atca 5000 ppmw (paeagppsft:hbmmwgdimgm)t he

i nvent i ong 25 e aspannasequs shegdgh ockiyhes ty | hidiogen

present process can Yar W de cl ude
Ii ghter fracti on§°§€n§%t%sa#®rlé§|ﬁﬂﬁ HeAge 65’9"‘ 250 o &%00\@9'“"&33 avi er

Ijract Iholnts ZuchI aﬁuﬂ?ﬁuﬁ'é@nté‘zﬁi@raﬁain the rgn@é' §rotj[da§ll%m&61f$ wls, Ikt g
easphal ted oils, _lon r.esi dues,. ca ica cracke
cycle oils, ther ?‘rﬁl g%fbnfe L m%'at‘aﬂ'%ﬁﬁ‘&&?ﬁ|§ cPaekEs %bg %.‘T"Zb
syncrudes, opti opartyor all of dihigyifieedatgpckr 6m aapreanzieatwe fox s,

resi due l;_@gradl n {g@éﬁe& micq! %ss (e} ﬁ@f S
hydr o- cg,r: h.olls SO dbgee enp gy ﬁaégg%bst 0C dlu
general |y conpri B¥ 9@?%%%4%‘%%3W'n@e§119&5 Ry HB?-HP ’Fe Ricwn' in € 3«/\0
96/ 27438 art. PCT/ EP96/ 00915

[ gvent ion, at af e!ag?s%sa% oé]{‘%%e%% ele%dgct ocC r%ﬁ@ ﬁﬂﬁ?ij gg@élﬂlé e

cracking conditions (i.e. 1n the absence of added

15 hydrogen), the process is conveniently carried out in an
upwardly or downwardly moving catalyst bed, e.g. in the
manner of conventional Thermofor Catalytic Cracking (TCC)
or Fluidised Catalytic Cracking (FCC) processes. The
process conditions are preferably a reaction temperature

20 in the range from 400 to 900 °C, more preferably from 450
to 800 °C and especially from 500 to 650 °C; a total
pressure of from 1 x 10% to 1 x 106 Pa (1 to 10 bar), in
particular from 1 x 105 to 7.5 x 105 Pa (1 to 7.5 bar}; a
catalyst composition/feedstock weight ratio (kg/kg) in

25 the range from 5 to 150, especially 20 to 100; and a
contact time between catalyst composition and feedstock
of from 0.1 to 10 seconds, advantageously from 1 to 6
seconds.

However, the process according to the present

30 invention is preferably carried out under hydrogenating
conditions, i.e. under catalytic hydrocracking
conditions, e.g. residue hydrocracking conditions.

Thus, the reaction temperature is preferably in the

range from 250 to 500 °C, more preferably from 300 to

35 450 °C and especially from 350 to 450 °C.



poi nt above 370 [err]C. The feedstock may have a nitrogen cont ent

of up to 5000 ppnmw (parts per mllLion by weight) 5 and a sul phur
content of up to 6 %w. Typically, nitrogen contents are in the
range from 250 to 2000 ppnw and sul phur contents are in the range
fromO0.2 to %, _ | I s possi ble and may soneti nes | le to
subj ect o"’ﬁ?ﬂ‘?# or all of the feedstock to a pre- t_reat%@%lo
exanpl e, hydrodenitrogenation, hydrodesul phurisation or

hydr odenetal | i sati on, methods for which arggknown in the art.

If the process is carried out under catalytic cracking conditions

(i.e. in the absenc®hef tatidbdpiessure iy preferhblyhénptheécsange from

conveniently cakrieqdn8Ufal Ny n7 ¢ do r |

catal yst bed, e.sg.k ,‘d‘ﬁ th’g 3 f 10 lFr%m(nsedrjIo.ézgs(?1 j(ygyn\l/)g%t)i'oir{:(g?@#g%?%ﬂr’m

Catal ytic COrackif®gm( TeB)x 10° to 3¢5 p Qi Fad (G &oyRPO baktkand fYRE)

processes. The more prelfeeabs§ £oomliiionv%ane @ &f aodbbx q108aeéi on

tenperatye 20 ,q, bégbthe range from 400 to 900 [err]C, nore preferably
o

from 450 ‘[err]C and especially from500 to 650 [err]C, a
tot al pressUhe bydfegen lpartiflepiessure islprefefably (intthd0 bar),
in par t irgnlgar fEbANR15Xx 1906r£d 3.5 & 207 Pl q26l tBa268 bary, S bar);

a catal yst "co sitjon/feeds}oc I.ght, rati kg/kqg).in 25
the range from §'°lr8 ?gg, eﬁgbggi Feny %O" ﬁ)ovgi(fg‘ zaﬁ‘dt:legq s ‘Eg EBntact tine
bet ween cat al ys0®obpesdi andnstibll f mersimrdferably froim fr ani0S1tbo 10

seconds dvant oushy7f QM dat . 6 seconds. : However
10 ) - X : ’
t he process.accgggi%ghto ?ﬁe(éo eon%B%KPar) i nvention is preferably

resent,
carried out under h@d?B@EﬁaYFE@CltY in thef@ngeofEom 0a05,kaetOckd al ytic
hydrocracki ng feedstoekngeki Ditreccgtal pst ctetnpisditdonapernpoaendi tions.

o’ 1% PR A RS LonfEalghel) buddh | "psecapry! PRgSabAED 250
especi al |y fromve3@cidysds pfwurthe range from 0.1 \§o &/ pprgicularly from
PCT/ EP96190915 0.1 to 5, kg.1"1l.h=l. Furthermore, total gas rates
(gas/feed ratios) in the range from 100 to 5000 Nl/kg are
conveniently employed. Preferably, the total gas rate
employed is in the range from 250 to 2500 Nl/kg.
The present invention will be further understood from
20 the following illustrative examples in which the unit
cell constant (ap) was determined according to standard
test method ASTM D 3942-80, the relative crystallinity
(%) was determined by comparing X-ray crystallography
data for the increased mesopore zeolite Y with that for a
25 standard corresponding zeolite Y of the prior art, and
the surface properties (i.e. surface area (m?/g) and
‘mesopore volume (ml/g)) were determined nsing nitrogen
adsorption at 77 °K (-196 °C).
Example 1
30 (i) Preparation of a molecular sieve with increased
mesopore volume _
A very ultrastable zeolite Y (VUSY) having a silica
to alumina molar ratio of 7.4, a unit cell constant (ag)
of 2.433 nm (24.33 A), a surface area of 691 m2/g and a
35 mesopore volume of 0.177 ml/g was added to an aqueous 4N




- 10 - The total pressure is preferably in the range from

5 x 10[err] to 3 x 10[err] Pa (50 to 300 bar), nore preferably . . from
7.5 x 106 to 2.5 x 10[err] Pa (75 to 250 bar) and even nor e
preferably from1l x 10[err]. to 2 x 10[err] Pa (100 to 5 200 bar).

The hydrogen_partial pressure is preferably in the r&w,é,&g 2.5 X
106 to 2.5 x‘%’[‘@\’ﬂs Pa (25 to 250 bar), nore preferably roﬁS X
106. to 2 x 10[err] Pa (50 to 200 bar) and still nore preferably
from6 x 10[err] to 10 1.8 x 10[err]- Ra (60 to 180 bar). A
space velocity in the range fromO0.05 to 10 kg feedstock per litre
cat al yst conposigolortimer dbammonium nitkgte[ ¢NHiNO3krin )an arxesmte sucht | y

used. Preferabl yr#% %}@cae(?rf welgh\ﬁehgﬁl[l'er rt 'Pa‘ﬁ 59 fhaiBed et 0 8,

particularly fro [err Furthernore, total
gas rates grams of @&!‘Q“&I“Fb§)itirﬂt?h§°r Re enyrloRr @ FAMOOE NI/ kg are
conveni ently enpienkite Fr ey ahlsy, tThe resaltyng shirry was plaved dyed i s

|nthera e fr | . t |onW|II
be furt hergunde(r%snt%% &%d\la/ul&cﬁgvﬁoﬂlgwt%e JWuﬁrafg]veé%x\é?% es in
which the unit 150 °C fesl A2chavrant Affer rqqomrdettl’@r mon@snﬁscgfdthg to
standard aﬁwél.m.t ek ATEYterdd42o8Qiel BCa M b BédYEaE @S?év’ré lHaving

(%9 was determ ned conpari X—ra rystal | ography ta.for the
i ncreased mesopd? eSQé%ﬁtr‘{ "‘ﬂ%t éﬁy ?'I" e as %?%JMpondl ng
zeolite Y of theaftemr2 dlireexmdur washest -1 sar‘l'taoeiqdr @p@mtnres acig. _

surface gpea (nt.@sidémnammuu -equibae@ate Yfagafreh{,f% ﬂ&%{se @styer m ned

usi n n|tr0 en Sor ti1on
a6 198" peyigran &8 dnalgEey LY e AT (e mi

nesopore vol une have a silicaAtoera)lu_:dmaambahhreraemb|bﬁ :hG(Z/AJ&Y)utﬁaylcuj.la
o 200 o o SN e g0 B fgf 29Ky eblaciip o )
nesopore volune @Ky #ﬁﬂﬁﬁVX;Q§m§7§ddédSp6féﬁeaaﬁeéu@f43§5 m /g and a
mesopore volume of 0.322 ml/g.
(ii) Preparation of a catalyst composition
To a mixture consisting of a molecular sieve prepared
as described in (i) above (5 g), amorphous 55/45 silica-
alumina (104 g) and high microporosity precipitated
20 alumina (50 g) was added water (145 g) and acetic acid
(96%, 4 g). The mixture was first mulled and was then
extruded, following the addition of an extrusion aid,
into pellets of cylindrical shape. The pellets were
dried for 2 hours at 120 °C and subsequently calcined for
25 2 hours at 530 °C. The pellets so obtained had a
circular end surface diameter of 1.6 mm and a water pore
volume of 0.72 ml/g. The pellets comprised 4 %w of the
molecular sieve and 96 %w binder ({66 %w silica-alumina
and 30 %w alumina), on a dry weight basis.
30 10.07 g of an aqueous solution of nickel nitrate
(14 3w nickel) and 16.83 g of an aqueous solution of
ammonium metatungstate (39.8 %w tungsten) were combined
and the resulting nickel/tungsten solution was diluted
with water (18 g) and homogenised. 25.0 g of the pellets
35 were impregnated with the homogenised nickel/tungsten




WD 96/ 27438 PCT/ EP96/ 00915

- 11 - solution of ammoniumnitrate (NH[err] N err]) in an anmount
such that, on a dry weight basis, the ratio of the nunber of

grans of ammmumnnrmetothenmma of grams of zeolite Y was
1.5. The resulting slurry was placed in a 5 2 litre st cl ave
and t he sIL”YWPﬂWHg“ﬁeated at - 150 [err]C for 12 hours#chﬁgﬁa&g oling,
t he contents of the autocl ave were filtered to yield a nol ecul ar

si eve havi ng a structure substantial{y the same as zeolite Y which,
after 2 three-hour washes at 93 [err]Cwith a nitric acid 10 sol ut-i on
(2 mlli-equival solet{s®a)diel Faan 1l doar( Ekeipd)ec and £ipaN1§r adleined

zeolite) and dry 1 [err S und |ca to

al um na nol ar #gg % hi‘?ﬁ aeta %?@i towgel %R ife%sor%qrbtrﬁ ?[?r‘?]) of 2.429
nm (24.29 A), a nechelv@nd 18.9 fov \ramgisitieni t based 8on, tetalircorpositdpnof 756
AR/ g and a 15 ExSRpDe0s e vol unme of 0.322 m/g. - (i) Preparati on

of a catalyst co SLtron 0o a.nm xture consi siing of
et e TRE ki ation of, 2 molacPiBn sieve SO AR | 1o
55/ 45 silica- mesogoszwnlumg104 g) and high mcroporosity precipitated

20 0o 4 ChuMna (50 A)viRs MLy feb1318) yoRfuSertduaty & silica,

4 g). The n1xture was
fol lowing the adHPtF%ﬂmﬁ$aeRP¥§&rﬁﬁﬁ%ﬂ1Q§ 8-4, a unitjeell eonskantyfias)
cylindrical shapef Zbé3pemhe(z 85 d), a surfdeecdréarof Tune2A§ and) d err]C

and S“bs%ue”“ym&é&ﬁb?&%&ﬂ@@%t 1%0“9}14% Fhs ggdgd tcf%xﬁ%&

obt ai ned "had surf I ame 3 mater
por e vol gAdubion ob ammopiumaitmate: SNHgNPB) std an ogmeint [ruch

rrlol ecul ;atr Si evedendt%oﬂﬂ:@ barglade i(diHt Yasdid,i Q:ﬁealcldﬁ’iﬂaof the nubek %Qfl "/i;rv
alum na), on a i asls ueous sol ution
of nickel nltratéxa‘m 8? a%ﬁQP‘%Wrﬂﬁﬁaﬁ?F &ﬁﬂt%§ §§m835f 0 sol ution
of ammoneeatiteaY westhi®e ( hes rasuwliinst ehyrmmasoprbam in a

and the ngsul ting nigkel éti'f‘fl@d Hutc 1dveOantAthei k¥:edy was heatiéd aat er
(18 0) and homoosRhsad ad . riyis.| "ReRek Eb315Ry, tnd LonddSLP e Vi P

autoclave were filtered to yield a molecular sieve having
a structure substantially the same as zeolite Y which,
after 2 three-hour washes at 93 °C with a nitric acid

20 solution (2 milli-equivalents (meq) hydrogen ions (H*)
per gram of zeolite) and drying at 110 °C, was found to
have a silica to alumina molar ratio of 10.0, a unit cell
constant (agp) of 2.427 nm (24.27 A), a relative
crystallinity of 71%, a surface area of 605 m2/g and a

25 mesopore volume of 0.423 ml/g.
(ii) Preparation of a catalyst composition

In the manner described in Example l.(ii), a molecular

sieve prepared as described in (i) above (5 g) was
combined with amorphous 55/45 silica-alumina (82 g) and

30 high microporosity precipitated alumina (40 g} to form
cylindrically~shaped pellets which, after drying and
calcination, had a circular end surface diameter of
1.2 mm and -a water pore volume of 0.717 ml/g. The
pellets comprised 5 3w of the molecular sieve and 95 %w
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- 12 - solution, dried for_1 hour at 120 [err]C and finally

cal ci ned for 2 hours at 500 [err]C. The pellets contained 3.9 %wv
ni ckel and 18.9 %wv tungsten, based on total conposition. Exanpl e 2
5 (i) Preparation of a nolecular sieve with increased opore
vol une %Psnﬂ“ﬁ very ultrastable zeolite Y (VUSY) haV|ﬁSIgmg

to . alumna nmolar ratio of 8.4, a unit cell constant (a[err]) of
2.434 nm (24.34 [err]), a surface area of_ 37 _n2/g and a 10 nmesopor e
vol une of 0.180 m /g was added to an aqueous 4N sol ution of :
ammoni um Nt at e (NGl ceR 22indBUShd S alumind)alon &N daydry
wei ght basi s, trm}réhﬁ;ﬁﬁg the nunber of granms of ammoniumnitrate
to the number of zeolite Y was 1.5. The resulting slurry
was, placed in a 15 8.34 7 loft aa sqguepud salotiawvefhimickel slihmatenas heat ed
at 200 C(f@rl @J‘Qﬁr&el@‘f la%l @095' gofti‘ﬁ 5@.&5&&3 SPutlidh of

aut ocl ave_were filtered to nol ec sl eve havi n

struct ur e?subst FARRAIYR 1Wﬁ£&£¥995§§ fedﬁ té ¥ uHirgsten) erezﬂqﬂaqud

t hr ee- hour washeandattlth Hemult@ng hiicked/tuhgsten ds@lution wad wiilmted?

nilli-equivalent | gpeof zeolite)

and dryi ng at 1 erritéyd('ﬁ%?%) %ﬂﬁ SE%S&EMS?F 25 d)legf ca to %l uni na

nol ar ratio of 1Peblets (Waxe dmpregnated Wé&hs?bﬂth?¥Q1#43594ﬁ 2. 427 nm

é (2)451 %7 [er/r]) an:[@ﬂ:@l/t\tﬁlgsten sol¥itishy! arm?ti%f@f ?:7]1%}11351 wrﬁwecaam(_ N of
er g and olLume o i

Preparat | én of a g%%%%/ ‘falbc %{ é k’xours at 5613| #Tl hg‘hﬁ‘aﬁﬁ%}e&gscri bed

in Exanple 1. (i |q9nbainﬁda®laar%w nickel ghdvd8pPeheirtungstemsdasesionn (i)

above (5 g) was total comp¥¥itigm W th anmorphous 55/45 silica-alumna (82 g)

and 30 hi gh_.m crpo osity precipitated alumna (40 g) to form

cyI|ndr|caIIy-sﬁEﬁE¥4é£5ets whi ch, after drying and cal cination

had a circul ar ebhil) Rrdpeomtdicneifcia oblecular sieve mnthdirecrestsed pore

vol ume 0% 50. 717 yd {Shordd' &0l ume pellets conprised 5 %v of the nol ecul ar
sieve and 95 %w

A very ultrastable zeolite Y (VUSY) having a silica
to alumina molar ratio of 7.4, a unit cell constant (ap)
of 2.433 nm (24.33 A), a surface area of 691 mz/g and a
mesopore volume of 0.177 ml/g was added to an aqueous 4N

20 solution of ammonium nitrate (NH4NO3) in an amount such
that, on a dry weight basis, the ratio of the number of
grams of ammonium nitrate to the number of grams of
zeolite Y was 1.5. The resulting slurry was placed in a
2 litre stirred autoclave and the slurry was heated at

25 180 °C for 12 hours. After cooling, the contents of the
autoclave weré filtered to yield a molecular sieve having
a structure substantially the same as zeolite Y which,
after 2 three~hour washes at 93 °C with a nitric acid
solution {2 milli-equivalents (meq) hydrogen ions (H*)

30 per gram of zeolite) and drying at 110 °C, was found to
have a silica to alumina molar ratio of 10.2, a unit cell
constant (ag) of 2.428 nm (24.28 A), a relative
crystallinity of 57%, a surface area of 519 m2/g and a
mesopore volume of 0.458 ml/g.
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- 13 - bi nder (65 %w silica-alumna and 30 %v alum na), on a dry
wei ght basi s. 8.34 g of an aqueous solution of nickel nitrate
(14.1 %w nickel) and 8.29 g of an aqueous solution of 5 anmmoni um

met at ungstate (67.3 %w tungsten) were conbi ned and %Eyégaﬁﬁﬁlng

ni ckel / t ungs™Wh268# %8t i on was dil uted with water an

honogeni sed. 25.0 g of the pellets were inpregnated with the
honogeni sed ni ckel /tungsten solutioyy dried for 1 hour at 120
[err]C and 10 finally calcined for 2 hours at 500 [err]C. The peliets

contai ned 3.9 %w{dirkel gg%kaﬁhtid%WoEuazehealzbasemhggglt1on t ot al
conposi tion. IE&QQP e a I a9l eve
with increased 15, I rreséifoadﬁle T, §eseEt ed ih EQ&SMAQ'"& Eli)dl {gr)é@t %b a
zeolite Y (VUSY) sheverprepared @s describedoinl (i nabewe af7 r@k ivRsf 7.4, a

unit cell constagbmbehesdith amorphdis 35438 BIN§24-3Burina a(mfg":;cean@r ea

B

anount such cylindaicablrw-as!tanednmegﬂtetbayhscht haftexidrying andunber of

grams_of a”“Dn'Uﬂhmbiﬁééfbﬁ()ﬁJEEéNEﬂ¥EhI%E Qhﬁ”§u9?ace dlamegé¥”dfe Y was
1.5. The result;g slurr%dmaﬁﬁéﬁace in a éé stlrred aut ocl ave
and the slurry wheShBR;aed A er porggyqlume; et 8r o DS ter

cooling, the conpedletsfcéomprised 4 $wautfothevmolecelar| s&w amd yS@I%iv a
nol ecul ar. |eve S t 3t I
zeolite os BaH48s (6% %w s?ﬁree%&ra %/glsaheg gtg é%"“ﬁerr C W t dry

nitric aC|d Welg§§lh¥$bﬁ (2 mlli-equivalents (meq) hydrogen ions
(Herr]) 30 per13t a2 @fof &l idgyeciisyd sdlyitignabf 1adckel rafkraws found
to

(14.1 $w nickel) and 12.94 g of an aqueous solution of
ammonium metatungstate (67.3 %w tungsten) were combined
15 and the resulting nickel/tungsten solution was diluted
with water {13.69 g) and homogenised. 32.53 g of the
pellets were impregnated with the homogenised
nickel/tungsten solution, dried for 1 hour at 120 °C and
finally calcined for 2 hours at 500 °C. The pellets |
20 contained 3.9 %w nickel and 18.9 %w tungsten, based on
total composition.
Example 4
Hydrocracking experiment
Each of the catalyst compositions of Examples 1 to 3
25 was assessed for middle distillates selectivity in a
hydrocracking performance test. The test involved
contacting a hydrocarbonaceous feedstock. (a hydrotreated
heavy vacuum gas 0il} with the catalyst compositions
{pre-sulphided in conventional manner) in a once-through
30 operation under the following operating conditions: a
space velocity of 1.5 kg gas oil per litre catalyst
composition per hour (kg.1~1.h-1), a hydrogen sulphide
partial pressure of 5.5 x 105 Pa (5.5 bar), an ammonia
partial pressure of 7.5 x 103 Pa (0.075 bar), a total




have a silica to alumna nolar ratio of 10.2, a unit cell const ant
(alerr]) of 2,428 nm(24.28 [err]), arelative —_  crystal l4naty of—

57% a surface area of 519 n2/g and a mesopor e vol une of 0.458
m/qg. WD 96/ 27438

PCT/ EP96/ 009 - 14 - ol

Prepar ati on gb%mgﬁsal yst conposition In the nar?r%’rm(’ﬁ‘édso(b:irﬁ bed
in Exanple 1(ii), a nolecular sieve prepared as described in (i)
above (7 g) was conbi ned wi th anor phafis-55/45 silica-alumna (125 g)
and 5 hi gh m croporosity precig%tated alumna (60 g) to form | .
cylindrical | y- sh¥essyse efsidhkchO®aPa efl4ft \pary ang a gas/feadcrabie of

had a circul ar engopumiakg.di ameter of 1.6 mm and a water pore

volume of 0.792 m/g,,Th ellets conprised 4 %y.o0 hg, nol ecul ar
sl eve and 95 o 10 Thenfixdzptraney, HOTE FAHUMR 985 A0 LoboHER i ey - on
a dry wei dlollowing. properties: 13.12 g of an aqueous sol ution of
nickel nitgate carbon cbhitdntv nickel) and 12. 94gg gfg@n aqueous sol ution
of anmoni_um nmet at ungstate (67.3 %wv tungstep) . were conbi ned 15

and the resul ti n§IYATOS8Fy CORYEREN sol ution was di Fatdd®¥ with water
(13.69 g) and horswigphuzredoni@nd3 g of the : PpeOORt®IWeEre inpregnated

wi th the honobgeni ickel /tungsten sol utjoq, ped for 1 hour at
120 [err] C and ﬁﬂogeﬂ N F?hgal cined for 2 héu?’g'gtp%% [err]C. The

pel l ets 20 Densdit¥ed78/4) 0w ni ckel and 18.9 of- 849334 based on
total conpesitioKinematic vEXesBieydat 100 °C Hydr og( oL kitiky £x@es)i ment

Each of the catalyst, .cqmposihtions of Exanples 1t was assessed
for mddle disti H&%&ﬁg’ﬁ%&?b@i P?lf‘ﬁ a 'h%so’é‘facki ng performance
test. The test iroldwedoiling poiébhtacting a hydr80ar¥onaceous feedstock (a

hydrotreated 20 %w boiling point : 423 °C
30 %w boiling point : 441 °C

15 40 %w boiling point : 456 °C

50 %w boiling point : 472 °C

60 3w boiling point : 490 °C

70 $w boiling point : 508 °C

80 %w boiling point : 532 °C

20 90 3w boiling point. : 564 °C

Final boiling point : 741 °C

The performance of each catalyst composition was
assessed at 65 %w net conversion of feed components
boiling above 370 °C. The selectivities for middle

25 distillates (i.e. the fraction boiling in the temperature
range from 150 to 370 °C) shown by the catalyst
compositions of Examples 1 to 3 are given in Table I
fellowing.



heavy vacuumgas oil) with the catalyst conpositions (pre-sul phi ded
in conventional manner) in a once-through 30 operation_under the

foll owi ng operating conditions: a space velocity of 1.5 kg gas oi
per litre catal yst conposition per hour (kg.l[err].h[err]), a

hydr ogen sulgplde partial pressure of 5.5 x 10[err] Pa (5.5 bar),
an anmoni a 09612743851t j al pressure of 7.5 x 10[err] Pa (O. 15

t ot al WD 96/ 27438
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pressure of 14 x 10[err] Pa (140 bar) and a gas/feed ratio of 1500
N/ kg. The hydrotreated heavy vacuum gas oil had the '

foll owi ng properties: 5 Car bon contg : 86.5 %wv
Hydr ogen cont ent - 13.g%&%£—l Sul phur cont ent
: 0.007 %w Ni trogen _coptent 16,1 ppmw

Density (70/4) Catalyst : 0.8/@8) &/disthid 1ates Kinematic
viscosity at 100 [err C ..8.81 gn%er 1/s Initipl boiling

poi nt 45 CCOMPOSLtiqn g4, bo%?f%%t‘p‘{)’rw at T 402
C 20 % boi I i g pobfit Example 65%wapst [err] C 30 %w

boi l'i ng poi nt 441 [erf ]C 18onversitth 4qughllng poi nt

. 456 [err]C oty pU : [err]C

60 % boi | i ng poi nt 1 njfnrr;(‘ 70.5 70 o4 boi | | ng poi nt
: 508 [err]C 0 %w boili2ng poi nt 72.% . 532{[err]C 20

90 %w boiling point . pod [errJL “Flna} boiling

p0| nt —x4l J'_c\{r_'L3(“ %hifﬂr [aa=Ya¥al Of each

catal yst conposition was assessed at 65 @M/net conversion of feed
conponent s bgis! k88 BEO¥Eer Frdif'Fddte TabaeLSCLhY ELES1§ M ddle
' compositions of Examples 1 to 3 according to the

invention show high middle distillate seiectivity.
Example 5

5 (i) Preparation of a molecular sieve with increaseéed
mesopore volume

A very ultrastable zeolite Y (VUSY) having a silica

to alumina molar ratio of 7.9, a2 unit cell constant (ag)
of 2.431 nm (24.31 A), a surface area of 550 m2/g and a

10 mesopore volume of 0.141 ml/g was added to an aqueous 4N
solution of ammonium nitrate (NH4NO3) in an amount such
that, on a dry weight basis, the ratio of the number of
grams of ammonium nitrate to the number of grams of
zeolite Y was 1.5. The resulting slurry was placed in a

15 2 litre stirred autoclave and the slurry was heated to
200 °C for 6 hours. After cooling, the contents of the
autoclave were filtered to yield a molecular sieve having
a structure substantially the same as zeolite Y which,
after 2 three-hour washes at 93 °C with de-mineralized

20 water and drying at 110 °C, was found to have a silica to
alumina molar ratio of 8.5, a unit cell constant (ag) of
2.432 nm (24.32 A), a relative crystallinity of 69%, a
surface area of 481 m2/g and a mesopore volume of
0.41 ml/g.




25 distillates (i.e. the fraction boiling in the tenperature

range from 150 to 370 [err]C) shown by the catalyst conmpositions .
of Exanples 1 to 3 are given i.n Table | f ol | owi ng. WO
96/ 27438 PCT/ EP96/ 00915

- 16 - Tabl e |

Cat al yst WO %27#8qd| e distillates corrporswms
selectivity at : of Exanpl e 65% v net

conversion (%W w) d17 - 70.5

2 72.5 3 72.5

As can be seen frgith)Tabl @rieparatéont b€ aatatabyst composiddmmosi ti ons of
Exanples 1 to 3 accordj t : venth, l,ah g ddl
distillate selectivi tlgi. the ﬂ‘am(al‘éxé’rerﬁi:’e’lﬁég £ M‘?‘T“ﬁ%ﬁe&%é ¥ foigcylar

tion of a
nol ecul ar si eve \W#%9Ve RAePared as descyibegdoin (bl upkove (22.3 g) wAS/ery

u:ct'r7 agt abl e z;aol i&dinﬁir(e‘dﬁﬂ%thh&‘ibﬁngCSbbbﬁésit %rigiﬁiﬁwi rhg.mlrﬁr] ;at i o
0 .Y, a uni ce Sl.a errih. . 0 . n , Jerrlj), a
surface arga of 5‘5{}%%; )] ?;é’ gﬁ%mac%mdnc%%%b%?%p?/%lﬁﬁrﬁ%?s d'.jff‘%%'rﬂIg
was added to an afikssudmming and cajclinakdenef hadnor¢imewianr angl surface
(NH err]Nderr]) dfbmdte¥ ¥l . $Uah and a wat@RlpoPE vollne ¥ Wl6422%17g.t he

rati o of the nunber of rans of amoniumnitrate o the nunber “of
grams of Rkt ofs,comprisesh 20, 86, 0F | Fie SPATeSHIRR Hherseanth a
80 %w alumina binder, on a dry weight basis.
10 8.92 g of an aqueous solution of nickel nitrate

(13.9 %w nickel) and 7.85 g of an aqueous solution of
ammonium metatungstate (67.3 %w tungsten) were combined
and the resulting nickel/tungsten solution was diluted
_ with water (6.6 g) and homogenised. 22.76 g of the
15 pellets were impregnated with the homogenised nickel/-
tungsten solution, dried for 1 hour at 120 °C and finally
calcined for 2 hours at 500 °C. The pellets contained
4.0 %w nickel and 17.0 %w tungsten, based on total
composition. |
20 Example 6
Hydrocracking experiment
The catalyst composition of Example 5, which is a
catalyst composition according to the present invention,
was assessed for middle distillates selectivity in a
25 hydrocracking performance test. The test involved
contacting a hydrocarbonaceous feedstock (a hydrotreated
heavy vacuum gas 0il) with the catalyst composition of
Example 5 (pre-sulphided in conventional manner) in a
once~through operation under the following operating
30 conditions: a space velocity of 1.5 kg gas oil per litre
' catalyst composition per hour (kg.l‘l.h‘l), a hydrogen
sulphide partial pressure of 5.5 x 102 Pa (5.5 bar), an
ammonia partial pressure of 1.65 x 104 Pa {0.165 bar), a
total pressure of 14 x 106 pa (140 bar) and a gas/feed
35 ratio of 1500 Nl/kg.




15 2 litre stirred autoclave and the slurry was heated to 200

[err]C for 6 hours. After cooling, the contents of the ~autocl ave
were filtered to yield a nol ecul ar” si eve having a structure
substantially the sanme as zeolite Y which, after 2 three-hour
washes at 93 Cwith de-mneralized 20 water and drying at 110
[err] C, was F%%?ﬁd #38 have a silica to al um na nol ar Fﬂﬂ“%?‘ 5 a
unit cell constant (a[err]) of 2.432 nm (24.32 [err]), a relative
crystallinity of 69% a surface area of 481 nferr]/g and a nesopore
vol ume of 0.41 nm/g. \1\01967‘27438

PCT/ EP96/ 00915 i)

Preparation of a catgpﬁsPYQBHﬁEE?Y?QNPeaVY vacuum ggq ?h% H@ﬁwﬁﬂedescrlbed
in Exanple 1(ii) fodlowlinguproperties: sieve prepared as described in (i)

above (22.3 g) \A@grbon contE gbined with high ncgopprsity precipitated
alumna 5 ormcylindrically- shgged pel |l ets which, -

after drying andﬂﬁgFEHEétFﬁﬂteﬂﬁd a circular entd di anet er
of 1.6 nm&and a sallphupocentehtine of 0.642 nml/g: 0.007 swihe pellets
conprised 20 %w ﬁ&t&?geﬂokgﬁﬂéﬂﬁ si eve and . 19 éé%hflunina bi nder, on

a dry wei ght bas 8.92 g of an aqueous i on of nicke
nitrate Dezsdtyy (APEREI) and 7.85 g of an &RABLE/A ution of
ammoni um net at ungnidial( Béidifly pongst en) were coxgo reed and the
resul ting nickell Qg Leg solutlontmas di luted 0. with water (6.6 Q)
and honogeni sed. “22.776 6 P pellets et 20 | ﬁbregnated with the
honogeni Sl ni ck @0/ 8w bOlllngtnngBten sol ution,: d41Qad’Cf or 1 hour at 120

[err] C and flnalub Sw bozliﬁg ?bggg for 2 hours, « af2p0Q [err]C. The pellets
el and 17.0 %w tung gsten,, based on total

cont ai ned
conposi tion. 20 40 %"EﬁwﬁgP§96p°1nt FNdrocrackfﬁﬁ Eperi ment

50 3w boiling point 461 °C
60 8w boiling point : 478 °C
15 ~ 70 8w boiling point : 498 °C
80 %w boiling point : 523 °C
90 8w beiling point : 554 °C
Final boiling point : 620 °C
The performance of the catalyst composition was
20 assessed at 65 $w net conversion of feed components

boiling above 370 °C. The selectivity for middle
distillates (i.e. the fraction boiling in the temperature
range from 150 to 370 °C) shown by the catalyst
composition of Example 5 was found fo be high at

25 69.0 tw/w.



The catal yst conposition of Exanple 5, which is a cat al yst

copposition according to the present [nyention was assessed for
nmddle distillates selectivity in a 25 hydr ocr acki ng perfornmance test.
The test invol ved contacting a hydrocarbonaceous feedstock (a

hydr ot r eat ed heavy vacuumgas oil) with the catalyst [ tion of
Exanple 5 (prgﬂgﬁﬂﬁﬁ?ded I n conventional manner) in a Peﬂﬁggihh ough
operation under the follow ng operating 30 condi t ions. —a_space
velocity of 1.5 kg gas oil per litre cat al yst c [ n per hour
(kg.l[err].h[err]), a hydrogen sulphigle- parti al gi@il i’"iﬂ"ﬂ" ﬂ!t
10[err] Pa (5.5 bar), an ammoni a partial pressur ¢ OO err]
Pa (0.165 bar), a total pressure of 14 x 10[err] Pa (140 bar and a
gas/feed 35 ratio of 1500 N /kg. WO 96/ 27438

PCt [ EP96/ 00915 CLAIMS - 18- The
hydr ot reat ed heavy vacuum gas oil had tRh€ ~foll owi ng properties:

Car bon cont ent . 86.7 %wv Hydr ogen cont ent

: 13.3 % 5 Bul fhwateditsintcomposition comprising (a Givleédular sieve

N‘trogen cont ent oonsi
" 0. 8447 g/ni hav:.n? a stxl'ucbtuxie Js%b@tBR'E‘ﬂ’ally the 5&Re 3 4% Z{Jéyr 4:% Y, a

10 9w boiling poiweit cell constant 3@@)01265 thanZQr@@H¥EﬁIF9uf 5 iom
: 410 [err]C and &Gudéopgmre ividunel,Nicontained in mesoﬁé’ﬂe:{ eiading a

?04z? g0|lgng po'giiwaFr in the rﬁﬁg%4fk%ﬁrb to 60 ﬁ?B tng po;gt%w
boi | i ng poi nt 0.05 ml/g, an sﬁsquadqnz wherein gheoge ti¢¢ﬁ?kﬂnhﬁﬁween
523 [err]C the unit cell constant (a,) and the mesopore volume is

defined as follows:
Unit Cell Constant (nm) Mesopore Volume (ml/g)
10 2.485 2 ag > 2.460 2 0.05
2.460 2 a5 = 2.450 - 2 0.18
2.450 > ag > 2.427 2 0.23
2.427 2 a, 2 0.26
2. A catalyst composition according to claim 1, wherein
15 the molecular sieve is derived from a zeoclite Y.

3. A catalyst composition according to claim 1 or claim
2, wherein the molecular sieve has a unit cell constant
(ag) less than or equal to 2.460 nm.
4. A catalyst composition according to any one of claims
20 1 to 3, wherein the molecular sieve has a mesopore volume
of up to 0.8 ml/g.
5. A catalyst composition according to any one of the
preceding claims, wherein the molecular .sieve has a
mesopore volume in the range from 0.3 to 0.8 ml/g.
25 6. A catalyst composition according to any one of the
| preceding claims, wherein the molecular sieve has a
- mesopore volume in the range from 0.4 to 0.6 ml/g.
7. A catalyst composition according to any one of the
preceding claims, wherein the molecular sieve has been
30 prepared by a process comprising contacting a (modified)
zeolite Y hydrothermally with an aqueous solution having



90 %w boiling point : 554 [err]C Fi nal boiling point
. 620 [err]C The performance of the catal yst conposition was 20

assessed at 65 %w net'tOnverSionﬁg&d;ggg_ggﬂpgnean— boi | i ng above
370 [err]C. The selectivity for m a%ﬂﬁillates (i.e. the

fraction boiling in the tenperatur “‘ rom 150 to 370 [err] C
shown by t he Wa96e2Ms Corrpa“\“\m“\ e 5 was RSt B high

at 25 69. 0 %W w. WO*96f 27438

PCT/ EP96/ 00915 - 19 -

CLAI MS 1. A catal yst conposrtﬂ@n‘conprising a nol ecul ar sieve
havi ng a structure, su antially the same as zeolite i,t cell
const ant (a[err])éaﬁiéﬁ Fhgredn qope; gr Na%e ts, acidgangageﬁeggaépg

;/ol g(r)re con]E ai tneldna'tr?rfesnripmm organig aoﬁpoméndsié)m etremperlaltmnea;@evbr om 2
0 nm of a Wis

rel ati onshi p betwe % atmosphen% Q’éllﬂﬁgePﬁg tao t ant zﬁl err (’)‘%J anfg ‘iowed
nesopor e vol une |§Y seParat%ﬁH|ﬂ¥§d“§§hﬁﬁglﬂﬁﬁh an ac;d solygdion.ce|

OE)nstiamt (2 52% . 8. A catahrg@ctpebﬁpvehum(até@r)dﬂ:@ to ang [on% é&Stber.]r]
aferr] > 2. 8 err
lorr] 2,450 Preceding qlaju ndrdtn che hinger £ B Aroanss

[err] 0.23 oxide. 2 427 [err] alerr] [err] 0.26

2. A catalyst CO”DOSLA'éHtéi %bﬁﬁok@tibﬁ'Sbéord!ﬁ&fﬁd1éH? one odfh@he
nmol ecul ar sieve is_derived Ilte cata

conposi tion accor%?% %PQAQ%%%Qf'OV Efﬁﬁﬂlthe blnd?F é%mﬁ ecul ar
si eve hasl® unit ckmmlmauuﬁtﬂuca, magnes@aLetlryniesszttnnnxa,(a*kﬂcaro 2. 460

nm alumina, silica-zirconia, silica-boria and mixtures

thereof.
10. A catalyst composition according to any one of the
preceding claims which further comprises at least one

15 hydrogenation component.
11. A catalyst composition according to claim 10, wherein
the at least one hydrogenation component is selected from
Group 6B and Group 8 metals, their oxides and sulphides.
12. A catalyst composition according to claim 10 or claim.

20 11, wherein the at least one hydrogenation component is-
selected from molybdenum, tungsten, cobalt, nickgl,
platinum and palladium, their oxides and sulphides.
13. A process for converting a hydrocarbbnaceous
feedstock into lower boiling materials which comprises

25 . contacting the feedstock at elevated temperature with a
catalyst composition as defined in any one of the
preceding claims.
14. A process according to claim 13, wherein the
feedstock is contacted with a catalyst composition as

30 defined in any one of claims 10 to 12 under hydrogenating
conditions.
15. A process according to claim 14 which is carried out
af a temperature in the range from 250 to 500 °C and a
total pressure in the range from 5 x 106 to 3 x 107 pa.



4. A catalyst conposition according to any one of clains 20 1to 3
wherein the nol ecul ar_sieve has a nesopore volunme of upto 0 8

m/g. 5. A catal yst conposi t+en—accordinmg to any one of the

precedi ng cl ai ns, wherein the nol ecul ll'_ I “innl mesopor e vol une
in the range 72“3 to 0.8 m/qg. 25ﬂl Ed“mﬂ ﬂ m st corpa:;?g' Li6v8
accordi ng to‘gé?/% e of the. precedi ng el asns* wherein the m)fsecul ar

sieve has a nmesopore volune in the range fromO0.4 to 0.6 m/qg.
7. A catal yst conposition according to any Qqe_of t he precedi ng
cl aims, wherein the nol ecul ar sieve has been 30 prepared by a process

conpri sing cont aci§ NG, roBeds’ a@dbrding to Bt bhydeehhespBlheruiah an
aqueous sol ution havin . . . - 20 -
di ssol ved therei P FREGH YRHOSIEY 4B, the| HangeLrem Srfdto 10 kg

wat.er - sol ubl e or géeedstomi perdd itreacttabppstt compagictiion per houle

at nospheric boili int. -af, the ution, foll owed by separation
and washing with Q%gfg: dhsol)u:ﬁ%or‘il.ggb' 8 A catal yst conposition
according to any one of the precedi ng clains, wherein the binder is
an inorganic oxi de. 9. A catalyst conposition according to
any one of the preceding clainms, wherein the binder is selected from
10 alumna, silica, magnesia, titania, zirconia, silica-

alumna, silica-zirconia, silica-boria and m xtures t her eof .

10. A catalyst conposition according to any one of the pr ecedi ng
clainms which further conprises at |east one 15 hydr ogenat i on conponent.
11. A catalyst conposition according to claim 10, wherein t he at

| east one hydrogenati on conponent is selected from
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(54) Title: CATALYST COMPOSITIONS AND THEIR USE IN HYDROCARBON CONVERSION PROCESSES

(57) Abstract

The present invention provides a catalyst composition, and a hydrocarbon conversion process using it, which comprises a molecular
sieve having a structure substantially the same as zeolite Y, a unit cell constant (a,) less than or equal to 2.485 nm and a mesopore volume,
contained in mesopores having a diameter in the range from 2 to 60 nm, of at least 0.05 ml/g, and a binder, wherein the relationship
berween the unit cell constant (a,) and the mesopore volume is defined as in table (I).




