WO 2004/ 047988 PCT/ ER2003/ 050897 - 1 HYDROCRACKCI NG CATALYST BACKGROUND
OF THE I NVENTI ON The present invention relates to catal yst conpositions and

their use\hazgyghgggacklng Hydr oconversi on processes apRrigifs qa&7|n th
S modern world in providing inportant basic fuels for everyday |t

becomes of an increasing necessity to utilize heavier crude oil feedstocks,
the oil refining industry has turned to hydrocracki ng processes to provide
the lighter basic fuels which nodern society demands. 10 Wil e anorphous
hydr ocracki ng catal ysts are used, nodern hydrocracking catalysts are often
based on zeolitic materials. Faujasite materials are one of the main
zeolitic materials proposed for hydk&cracklng use. Early findings 15
showed that nodification of the basic materials described in US-A-3,130, 007

to produce a | owering of theHyﬁﬁdcﬁgng%:ﬂA%gLYg@ve i nproved selectivity to

the desired mddle distill ducts. To achieve this a
conbi nati on of steam cal ci nati on and deal um nati on, 20 usually

aci d- deal um ngf -Qihou@CHRI -G Sui@srBgen proposed, for exanple in
GB- A- 2, 114, 597, EP-A- 98,040, EP- A- 247, 679; and EP-A-421,422. However the

i ncreased sel ect i VileyPFeSYt APKeREigh Fekatesose @tadyFeduced activity,

| eading to a aamﬁdsmtlaabahws&hezé1hbfehlﬁ?ﬁroaagkﬁad@educed crystallinity when
t he dealunlnatlonfpot onl sel ectlveféfrennves qﬁynlnlu but al so

partial ly destroyd ARG PR R P P GVEPET 130Te PRI G uFR. “®Fhis in turn can
reduced t he avepfed eosdiff beeroardmoanupaffantt bzeiot ifkel ef fact i veness. WO

2004/ 047988 Pgééﬁo?aqp%%o&%?lt%e&%% &Peanff%éféaajﬁgd%é’é%%?d In

EP-A-421, 422 whic aimto be high surface area materials (al So with other
(- to utilize heavier cride oil feedstocks, the oil refining

industry has turned to hydrocracking processes to provide
the lighter basic fuels which modern society demands.

10 While amorphous hydrocracking catalysts are used, modern
hydrocracking catalysts are often based on zeolitic
materials.

Faujasite materials are one of the main zeolitic
materials.proposed for hydrocracking use. Early findings

15 showed that modification of the basic materials described
in US~A-3,130,007 to produce a lowering of the unit cell
size, gave improved selectivity to the desired middle
distillate, or mid-barrel, products. To achieve this a
combination of steam calcination and dealumination,

e 20 usually acid-dealumination, techniques has been proposed,

( for example in GB-A-2,114,594; EP-A-98,040; EP-R-247,679;
and EP-p-421,422.

However the increased selectivity is obtained at the

cost of a reduced aétivity, leading to a shorter catalyst

25 lifetime, and a reduced crystallinity when the
dealumination not only selectively removes aluminium but
also partially destroys the faujasite crystalline
structure. This in turn can reduce the available surface

area and affect zeolite effectiveness.



specific properties) have only a highest recorded surface area obtained of
752 n2/g, and have a 90 %or less 5 retained crystallinity. In nost of the
deal um nat yQudbi/gabggent s recorded in literature, the treﬁ%%ﬂioo%%% not .
only results 1n reduction of unit cell size but also a reductron 1n active
surface area. 10 SUMVARY OF THE I NVENTION It has been found that by careful
selection of the starting materials, in particular by use of |ow al kali
containing faujasite zeolites, and a carefully selected- conbination of

moder at e st eam cal ci nation conditions plus 15 noderate acid or acid-amoni um
deal um nation conditions, it is possible to obtain faujasite zeolites of

low unit cell size, high surface arga and a wi de range of silica to

alumna nolar ratios, whilst retaining a very high crystallinity, which are
particularly us | hydr ocracki ng. Wen m.ng e support of a

hydr ocr acki ng gl-fa}ftldgl l;tllg ,%n%écg%ﬁag%t alys 'gteﬁja\}@ %%‘gﬂn_;fzgﬂﬂégtwohlfg‘nbi ne the

sel ectivityaah théekhowh siofeoniaregenpteyiiad sf 4o} asiviibd owtigrh the activity
normal |y onlkge@sSeChabpsttwebh calaalyis)Sa 23 gHbbt i ZdMGaBhohGrrdRi t cel | size
materials. The present ir}vggai o;z} provides a hydrocracki ng catalyst

conposi ti on2*Ghi EN2¢BRPritsdd2a" Z8ol #1%¢ "t Ae’C falfat§i% structure having a
silicasto akemitednokastalddanioy({bul k) of greater than 12; a unit cell size
in the 30 range f 0 A f of at | east
850 nR/g, as _nea@u?ng%iglr%/fzt%ﬁ% %éEé%&néPﬁgh&ar%@%g%&g r%%%g@%aga% th nitrogen
adsor ption 3tterMEE . vEIUS TERLTRTYR O LHER TG4 PDLY 9B RET/ EP2003/ 050897 3
preferably tegeitien vftdnia bebdesizandhoralaomet aédudtydhogenati on conponent.
I't has been found that by utilizing a combination of noderate steam —
cal ci nati on®treat men d acid 5 dealumnation treatnent, it is possible tp\)’_.;

prepang SUMMARY OF THE INVENTION )

It haé been found that by careful selection of the
starting materials, in particular by use of low alkali
containing faujasite zeolites, and a carefully selected
combination of moderate steam calcination conditions plus
15 moderate acid or acid-ammonium deélumination conditions,
it is possible to obtain faujasite zeolites of low unit
cell size, high surface area and a wide range of silica
to alumina molar ratios, whilst retaining a very high
crystallinity, which are particularly useful in
20 hydrocracking.
When forming the support of a hydrocracking L
catalyst, said catalysts have been found to combine the ‘ (A)f
selectivity of the known low unit cell size faujasites -
with the activity normally only associated with catalysts
25 utilizing higher unit cell size materials.
The present invention provides a hydrocracking
catalyst composition, which comprises a zeolite of the
faujasite structure having a silica to alumina molar
ratic (bulk) of greater than 12; a unit cell size in the

30 range of from 24.10 to 24.40 A; and a surface area of at

least 850 m2/g, as measured by the BET method and ASTM D
4365-95 with nitrogen adsorpticn at a p/po value of 0.03;



faujasite-type zeolites which have these very desirable properties in the
formof high surface area, low unit cell size and a useful nicropore

.vol une, am@ WB (ﬁ7%ﬁtaln a high crystallinity. Care has g4 ,EE% .in the
C 10 conblnatlon of treatnent conditions utilized on the onée and o avoi d
severe conditions, in order to avoid destruction of the zeolite crystalline
structure, but on the other not to utilize too noderate a set of conditions
whi ch, ‘whil st producing a crystalline zeolite, will not 15 produce the
desirabl e high surface area of the zeolites of use in the present

invention. The invention also provides hydrocracking catal yst conposition
whi ch conprises an optional netal -hydrocracking conponent. supported on a
zeolite obtainable 20 by a process which conprises: a) providing a starting
zeolite of ﬁﬂ}ﬁe&aﬂiﬁsﬂ&g@th§i rniehus epiimebNgndy/«d ki gé&cdi0 alumina ratio of from
4.5 to 6.5 agp %E kali_| evel of less than 1.5%w; Cb) hydrothermally
treating sai s?ar |ng 58P e at a 25 tenperature in the range of from 600
to 850 C and attahparaceal fpmesshee Bf ust edmnian at henyiaageonfoff rom 0.2 to |

at nosphere xﬁcc&erattew&a%f Ees;émé%lba M&Qh\@ﬁt éhd akesoedi ate zeolite having a
unit cell Sl 2 of from24.30 t contactlngthelnterrredlate

zeolit® wit mla%?’cﬁ”f |té8a%€lnﬁt'| 6ﬁ ]csor?BFF’él?]r?g té?np‘é%ﬁacf and optionally an
anmoni um safatu]atsde«e oordiztebitesebhec inaget Oheam‘ @dmy:enalhhghe surface area

zeol ite havj Jpl t & T 0to 24.40 A, a WO
2004/ 04798815%%'?%&%%0]3/ 05%8§M§)f %$%§%?l ca o 24l iJJrH %‘ﬁ gatl o of greater

than 12 andceld Sdreaan dr vachil grearrare RahWB50 /) yiaghheeedin produci ng t he
h,l_ gh surfacg mrg@aczesldiien: apd kel B£OMRN bBO: S@indiRi @ surface area zeolite.

(t 10 combination of treatment conditions utilized on the one
hand to avoid severe conditiens, in order to avoid
destruction of the zeolite crystalline structure, but on
the other not to utilize toc moderate a set of conditions
which, whilst producing a crystalline zeolite, will not

15 produce the desirable high surface area of the zeolites
of use in the present invention.
The invention also provides hydrocracking catalyst
composition which comprises an optional metal

hydrocracking component supported on a zeolite obtainable

20 by a process which comprises:
a) providing a starting zeolite of the faujasite
- structure having a silica to alumina ratio of from
(jf% 4.5 to 6.5 and an alkali level of less than 1.5%wt;
b) hydrothermally treating said starting zeolite at a
25 temperature in the range of from 600 to 850 °C and

at a partial pressure of steam in the range of from
0.2 to 1 atmosphere for a time effective to produce
a intermediate zeolite having a unit cell size of
from 24.30 to 24.45 A;

30 c) contacting the intermediate zeolite with an
acidified solution comprising an acid and opticnally
én ammonium salt under conditions effective to
produce a high surface area zeolite having a unit

cell size in the range of from 24.10 to 24.40 A, a



5 optionally followed by one or both of: e) mxing said zeolite
bi nder and/or a second cracking conponent, extruding and cal ci

i ncor porati t t one hydrogenati on conponent into s
(d) or intépﬁﬁ@”@éﬁgﬁyst 10 at any stage of step (e) or ?ﬁ&éﬁ%
Detail ed Description of the Invention The zeolites utilised as the catal yst
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Detailed Description of the Invention

The zeolites utilised as the catalyst support are
low unit cell size faujasite zeolites, preferably Y
zeolites, having a unit cell size in the range of from
24.10 to 24.40 A. Such low unit cell size zeolites_are.

known in the art to provide a useful middle distillate

selectivity but conventionally give less active catalysts

20

25

30

than higher unit cell size materials. Activity is
determined by the temperature required to effect a
specified conversion of feedstock. Where a more active
catalyst is utilised, a lower temperature is needed to
achieve an equivalent conversion. In catalytic processes
it is normal that over time the reaction temperatqre has
to be increased in order to maintain a desired conversion
level because of deactivation of the catalyst through
coke depesition etc. A catalyst which would enable a
lower reaction temperature to be used for the same
desired conversion is commercially very attractive.
Since catalyst deactivation occurs more quiékly as
reaction temperatures increase, a catalyst which provides
the desired conversion at a lower temperature will also
have a longer service life.

Alternatively an increase in activity would enable a

reduced amount of the expensive zeolite support to be

mrerci al plant.. .
Ala%?%g advantages. ()~

t.-.



‘5 Thi s advant age has been found for a wde range of the low unit cell size
zeolite Y. Most conveniently for preparation on a comercial scale, the

unit cell g‘k};{%%”gg#m faujasite zeolite support is sui ta?%,%({]ﬂ,%(g&%?%ange of

(I _ from preferably from24.24, nore preferably f 0, to
24.38, preferably to 24.36, especially to 24.35 A (Good results have been
obt ai ned where the unit cell size is in the range of from24.14 to 24.33 A
The bulk silica to alumina nolar ratio (herein also terned "SAR') of the
zeolite support is greater than 12. 15 Useful catalysts have a SAR in the
range of from20 to 100. Preferably the SARis in the range of from20 to
80, nost preferably to 50. The surface_area of the zeolite support is high
for such low unit cell size zeolites, and is at |east 850 20 nR/g.

Preferably (18,3UEha08 AECand oAl n! GAS B TR TRE L on RIS SLBLY At Teast 890,
1 e

and especially at least 910  n¥/ g- surface area o 5{1%’%‘% ite is an
i ndi cati on oft IERetEVaicladl el vy aktd viemse¥dizderdaret: in the pores of the

material and al senhefcdtheystysdrakhinerdrahtrmvehet b8 2asael itg, Preferably
the zeolite utili edd n the invention has a mcropore volune of greater
than 0.28 nﬁrﬁfvﬁggta‘ﬁpé?%$%bly greater than 0.30 n2/g. For low unit cel
Ssize zedlites, tR&hssixivahsaga hrisghesralfpendnibr 8 d0de¢ ndingat 6¥e of a hi gh
zeolite crys Iy 01 & Yae | hat 1 J.owi n a i nat i t crystal
structure of&t?éhéwz‘?é%llti Itcg(i}i1 s&t'_llr%t 5?%1%(1&% \#t ag%og%GEgg%rgﬁey?@yhg&m cropore WO
2004/ 047988 PEPREPYHIBPO5BsTMMercgal \Asplife Yiced™ih ¢ PaAgecof from 55% and
70% of the ttialfaupadicevabonire eappsitalibysdirtam 609 tthe’ @¥ngdher zeolite al so

preferably has a al_i 0 | ess ., t,han Q.2 9 S referably |ess
tfian 0.1 O/twt]?imgl gégieéc} Sﬁe% %%l O|ff'F %%Tﬁ;é’ Z60l P@e/%\%fsaibrqg’b%§ has as low an
alkal i 19 evel 245’ 0p0&2idfl-88. ibTgfergbty din26f3¢.hespecially to 24.35

A. Good results have been obtained where the unit cell
size is in the range of from 24.14 to 24.33 A.

The bulk silica to alumida molar ratio (herein alsc
termed “SAR”) of the zeolite support is greater than 12.

15 Dseful catalysts have a SAR in the range of from 20 to

100. Preferably the SAR is in the range of from 20 to
B0, most preferably to 50.

The surface area of the zeodlite support is high for

such low unit cell size zeolites, and is at least B50

20 mZ/q. Preferably the surface area is at least 875, most
preferably at least 890, and especially at least 910
i m?2/g. The surface area of a zeolite is an indication of
( the available or active surface area in the pores of the
material and alsc of the crystalline nature of the
25 zeglite.

Preferably the zeolite utilised in the invention has
a micropore veolume of greater than 0.28 m2/g, most

preferably greater than 0.30 mé/g. For low unit cell
size zeolites, this is-also a high wvalue and is

30 indicative of a high zeolite crystallinity, i.e. that
following dealumination the crystal structure of the

zeolite is retained intact. Generally, the micropore



zeolites may have no alkali remaining in their structure, by current
anal yti cal techniques this cannot be detected. Certain zeolites of the

i nvention WEﬁg@IﬁSWy have no 10 detectable alkali |evelrpbhf;l dﬁb'Fa to
rati o

al um na nol'a of the faujasite zeolite of the invention'1s e bul k
or overall ratio. This can be determ ned by any one of a nunber of chem cal
anal ysi s techni ques. Such techniques include X-ray 15 fluoresence, atomc
adsorption, and ICP (inductive coupled plasma). Al wll provide
substantially the same bulk ratio value. The unit cell size for a faujasite
zeolite is a common property and is assessable to an accuracy of 20 + 0.01
A by standard techni ques. The npst copmon neasurenent technique is by X-ray
diffraction (XRD) follow ng the nethod of ASTM D3942 80. Surface area is

determned in \ccon dance th the B uer- Enmrett - Tel | er)
nitrogen 25 23BIptidn techRi Hiiye 8?%’50%:}’??%“?“5 gtﬁé Be¥2het hod.
Her ei n al so phee godernal egpeeé@ilme fand ¢ dandes of ASTM D4365-95 is foll oned

in the applicati %eogecSﬂQeBETsémﬁz}éQ@ralg& 220l L €Y TRt F’Hf@l £ 10 ensure a
consistent state of the sanple to be neasured, suitab al I sanpl es undergo

a 30 pret r eat F¥httRaBP (2B « t RS TIPS EL 85 Wt 2P hvidiares - Faed‘t‘irng t he sanpl e,

for exappl e bes&d toarrﬂeé azIeldzlth@f 41@@ &eoﬁﬁQCdesiﬁbl@ hhBeasUfdyi cient to
elimnate free t 5 urs. Tlle nltro %oswretry

to
18413 ' g
measur ement s°Utd |séd '?n PREPIUHPACe af b o BETY fation, are al so

used to WO 2064)i3479088y PETLERR (0IF2050897aining 1rdet‘tT@|1m perudtairept al pore

vol une and rrbwamreﬁtvmawy%lwi tetdme.la@@si Ith8s OnddiepBr &St einventi on.
Her ei n ﬁleO ore volume” is used to indicate the pore vol une in pores

havi ng a di aFrEf’éarm fepbtes; Ainthe rﬁ“ﬁfleﬁ‘ibo%)theﬁfeo%e #8¥e¥3fferd® of m cropore( "j' k
vol une 1}s padetedtanibyadedliiveevefrom t he BET neasurenent techniques by an
eval uation The silica to alumina molar ratic of the faujasite
zeolite of the invention is the bulk or overall ratio. -7
This can be determined by any one of a number of chemical
analysis techniques. Such technigues include X-ray
15 fluoresence, atomic adsorption, and ICP (inductive
coupled plasma). &Bll will provide substantially the same
bulk ratio value.
The unit cell size for a faujasite zeolite is a
common property and is assessable to an accuracy of
20 + 0.01 A by standard techniques. The most common
measurement technique is by X-ray diffraction (XRD)
following the methed of ASTM D3942-80.
Surface area is determined in accordance with the
well known BET (Brunauer-Emmett-Teller} nitrogen
25 adsorption technigue, often simply termed the BET method.
Herein also the general procedure and guidance of ASTM
D4365-95 is followed in the application eof the BET method
to zeolite Y materials. To ensure a consistent state of
.the sample to be measured, suitably all samples undergo a

30 pretreatment. Suitably the pretreatment involves heating
the sample, for example to a temperature of 400 to 500°C,
for a time sufficient to eliminate free water, eg 3 to 5
hours. The nitrogen porosimetry measurements utilised in

the surface area (BET) determination, are also used to



met hod called the t-plot nmethod (or sonetines just ternmed the t-nethod) as
decribed in the literature (Journal of Catalysis 3,32 (1964)). 10 Al of

t he above neasurenent and determ nation procedures are ! t hose
skilled i nYMHEYYP172%8 The present high surface area zeol i \t,\géi'@*%gﬁ@"ﬂ 9%uj asite

structure, i.e. a surface area of greater than 850 nR/g, are suitably
prepared by a process which 15 conprises: a) providing a starting zeolite of
the faujasite structure having a silica to alumna ratio. of from 4.5 to
6.5 and an alkali level of less than 1.5%w; b) hydrothermally treating said
starting zeolite at a 20 tenperature in the range of from 600 to 850C and
at a partial pressure of steamin t@e range of from0.2 to 1 atnosphere
for atime effective to produce a internmediate zeolite having a unit cel
size of from _24.30 rab fro 24. 35, es eC|aIIy from24.38, 25 to
24,45 A pr &FSFEBHY (8° Zg'%g'ﬁxr Bspe C|5I?§¢Fﬁﬂg 9P VRIUBS T¥nt act i ng t he

i nt er medi at ehzeotdiicasi vh @ packdit ilodestlat.i oRexonprinsengaer aci d and

optional ly 28,870 URLgald luegeatec%@ ﬁ&%%%&@% }681-&9 30 produce a high
surface area zeolite having a unit . size | of from?24.10 to

24.40 A, a PRILE? %ﬁP@@Et?ﬁcﬁlﬁﬁfﬁ }F@t?dﬂbfzﬁrghteﬁhﬁhan 12 and WO
2004/ 047988 REELERAOIE0DOBDPpore Boliumestis fiaae iateac 10f dgeeader than 850 n2/ g,

t her eby prqﬂ%ﬁl gﬁﬁ+EE lﬁﬁéPEc a:ﬁ§$%%§q¥;te evgy%agl recoverlng t he high

surface area zeo ow al kali ar?lng naterial may be 5
prepared by “@ééﬁﬁl eRidednele tkivdah metholde (e tsomppimesx dmpketetmedre-iterati ve

amoni um i orpexehaagROf 2 bighennal kal ithe MLl 26 0RL ajiduRgaze ite until the
desired alk%lata taI3 Bgvghﬁhﬁ)achieved, such as is described in

YSis
C o

All of the above measurement and determination
procedures are well known to those skilled in the art.
The present high surface area zeolites of the

faujasite structure, i.e. a surface area of greater than

850 m?/g, are suitably prepared by a process which
15 comprises:
a) providing a starting zeolite of the faujasite
structure having a silica to alumina ratio. of from
4.5 to 6.5 and an alkali level of less than 1.5%wt;
b) hydrothermally treating said starting zecolite at a
20 temperature in the range of from 600 to B850°C and at
a partial pressure of steam in the range of from 0.2
(jﬁé to 1 atmosphere for a time effective to produce a
intermediate zeolite having a unit cell size of from

24.30, preferably from 24.35, especially from 24.38,

25 to 24.45 A, preferably to 24.43 A, especially to
24.42 A;
c} contacting the intermediate zeolite with an

acidified solution comprising an acid and optionally
an ammonium salt under conditions effective to

30 produce a high surface area zeolite having a unit
cell size in the range of from 24.10 to 24.40 &, a

molar silica to alumina ratio of greater than 12 and



US- A-9, 085,069, or via the potassiumion exchange C}' 10 techni que
disclosed in US-A-5,435,987 and International Patent Specification No. WO

95/ 03248. - tarting zeolites nost suitably have a uni ?Fg .ze in the
range of ;{}g?ﬂ%ﬁi‘%gﬁto 24.78 A. An inportant aspect of tkgg 90?%0H(§917
zeolites is the 15 low alkali level. The termalkali and alkali netal are
used herein interchangeably. Both terns are generally wused to indicate

al kali metal oxide, for exanple sodium oxide and/or potassium oxide. The
anount is easily determ ned by, for exanple, XRF - a quick chem cal 20
anal ysis technique. Most suitably about 1 %w or less alkali oxide is

present in the starting zeolite. It-has been found that the zeolites for use
in the present invention that have the highest surface area and desirable

mi cropore vol ung, qu&fg_e@sax%_taeek'a(re*a%epr%rﬂ%@o%?zme@h@% an acid and an
ammonium salt are utilized in step c However very useful materials can be

prepared when jRERUEANGCERE high tSBERTE 315%A§OREYS, aP€ used in t he
deal um nati ah) stsfraverIhe wendigh s fube clrear ectisefdll t o produce the high
30 surface zeolitic materials will of course vary depending on the type of

acid and opti onakpanmni YR saklktdpetdardfy Rt Rg: GRAMLLI ons such as
tenperature and tinme under _ which the dealum nation Sstep is perforned.

Generall y t REFERr 93 Y0 4REN2 HSESHBCTAEPYD ) dd68ayt . Fort ¥Rt ure and time
condi ti ons foy rehet eealivgl amidnaom Sirepxehadd dfheigioncenksaii on of acid and

vanted. for RAtnra R FedSEE iy PR g0 Ll BERH S R on 1 evel -
t hen i nsuf f ilsiveat ialaahiigved isoss asiis dpecyirdvéd in the step ¢) to achieve .-
the desirablig-nzepbss,ess, Shepia) thBHRAsE A 124 Oltnaigea tenperature in the V-
range gf from anblent; LeiRErftu" §s 4 15X ©n2%Ged Rational
Patent Specification No. WO 95/03248. The starting
zeolites most suitably have a unit cell size in the range
of from 24.60 to 24.78 A.
An important aspect of the starting zeolites is the
15 low alkali level. The term alkali and alkali metal are
used herein interchangeably. Both terms are generally
used to indicate alkali metal oxide, for example sodium
oxide and/or potassium oxide. The amount is easily
determined by, for example, XRF - a quick chemical
20 analysis technique. Most suitably about 1 %wt or less
alkali oxide is present in the starting zeolite.
It has been found that the zeolites for use in the (%jF
present invention that have the highest surface area and
desirable micropore velume can consistently be provided
25 when both an acid and an ammonium salt are utilized in
step c). However very useful materials can be prepared
when just an acid, suitably a strong acid, is used in the
dealumination step c}.
The conditions which are useful to produce the high
30 surface zeolitic materials will of course vary depending
on the type of acid and optional ammonium salt used, and
on the conditions such as temperature and time under

which the dealumination step‘is performed. Generally the



10 100C. Preferably an elevated tenperature is used, nost suitably in the
range of from40 to 80C. In the |aboratory environnent often the | ower

t enper at ur % range are used; however on a conmerci éﬁ C t he

t r eat ment S@%%@?@'gbis may often be in the range of fronlﬁg% %w§0§6%? The
deal um nation time may be in the range of fromO0.5 hours to 10 hours, and
is nost conveniently from1l to 5 hours. Naturally the higher the
concentration of acid and optional amonium salt used, the shorter the
treatnment time. Again, however, the tinmescale can vary 20 from | aboratory
scale (where a batch treatment is usual) to comrercial scale (where
continuous treatnent is normal); in the latter the dealum nation tine may

vary dependent on throughflow of material in the treatment vessel. 25 The
concentration of acjd soI on useg is not critical. Useful materials may

be prepared forrEXANDie a“ HUSPRG WM 0 ERF ot 958+ MMkt Roncent rat i on of
as little asst@®p/cin éd e:qxlsn vm@mtsatﬁorp@rf gciod areobptieortad as  much as 40.

The nost usef%o&@wé&&lw%&%enapf %g&ee'ogé)mlé% gaaéml@%dt ilosage in the

range of from5 to 20, preferably from i equi val ents Wper g of
zeolite. WO 2’(&?4‘%&7‘9%3‘%#@?@@3‘%%0859?“91BemFEq’G‘aPP§/ ’tshéo*éo#cent ration of
anmmoni ung sal ta siesblpSeEdh Levdigt taémtﬂ@akflw@fwblﬁaiﬁrumahsnmy be prepared
for exanple u5|lr19 a dé)ms 9}‘1 fro aboqt 4 tC v qut 40 mléieqw val ents
NH4' per g of " ZeoPrt & use?%l erlleales VEBER Prepared when
using from abwtaslifeso about 20 ml1iequi vaI ents NH4 per g of zeolite. It is

possible to perforsmgidh@fayansiHge§t/R QE & cdRpetbeStELARdeRs UM nation in
order to preserve the crystallinity of the zeolite treated but also to

e(fsure 10 wherrweneebeat prbiendt tamperatuger dier exemeht 48Cperformed in each
step. I ED'S tfﬁﬁicpoﬁééﬁékgbipfgn @1E5§¥ﬂﬁnggﬁp3¥4tﬁre is used, most

suitably in the range of from 40 to B80°C. 1In the
laboratory environment often the lower temperatures in
this range are used; however on a commercial scale, the
treatment temperatures may often be in the range of from

15 60 to 80°C. The dealumination time may be in the range
of from 0.5 hours to 10 hours, and is most conveniently
from 1 to 5 hours. Naturally the higher the concentration
of acid and optional ammonium salt used, the shorfer the
treatment time. Again, however, the timescale can vary

20 from laboratory scale (where a batch treatment is usual)
to commercial scale (where continuous treatment is

th normal}; in the latter the dealumination time may vary
dependent on throughflow of material in the treatment
vessel.

25 The concentration of acid solution used is not-
critical. Useful materials may be prepared for example
when using hydrochloric acid in a concentration of as
little as 0.7 millieguivalents H' per g of zeolite to as
much as 40. The most useful materials have been prepared

30 using an acid dosage in the range of from 5 to 20,
preferably from 9 to 20, milliequivalents K’ per g of

zeolite.



20 mlliequivalents H+ per g of zeolite can be perforned in tw steps using
10 mlIliequivalents in each. Mdst conveniently each step is carri ed out

usi ng the sanme 15 del aum nant materials and under the sanme reacti
condi ti ons WAYELPESt nay be used in step c) are inorgan¥€T ’]‘3’&1’%@"&97

organic acids, for exanple acetic, formc or oxalic acids. Preferred acids
are inorganic or mneral 20 acids having a pKa below 0 - often terned
"strong acids' in the art. Non-limting exanples of inorganic acids that
can be used in the process of the invention are hydrochloric acid, nitric
acid and sul phuric acid. Preferably a nonoval ent acid such as hydrochloric
acid 25 and nitric acid is used. Lbeﬁﬁoly the acid is used in the form of
an aqueous sol ution. Generally any amioni um salt may conveniently be used,
sui tabl e exanpleggare amm nlun1n|trate nmoni um ch| ori de, and anmoni um

sul phate. Pref er ABP3 PhENEHOM N 30 ChPE PRBH IS §21ect*®8™f r om ammoni um
chl ori de andusminons umet mmtatel Aseful eatibtiofs unlag ﬁlea;inﬂﬁﬂalaaal on treatnent

the unit —cefd, siag,feq/snges AndoLhe: SibhCad 9l Yol na, olar ratio

i ncreases fromt of the |nter iate zeo
PCTI EP2003/ 050igg7auivalents: Bk 'pyey ¢ gfstecditeal Bisnaossnustfay. Such

treat nent s @At rCONETHuVieNbbBE Prdpaabd Wiy aL-ire;r rf&bmvgl_mtba cglled

hydr ot her nal treaLpen lsllequEhalteertms gne used h.'% text. Both cover
heating in the i a2ehce 1SAVEY ARt THE: tgam rr%ﬁ/o S6fely derive fromthe
zeolite itself (86 izaldsedbieltfc peclmimgitben 4 inbée prtepent step b)

external ly SMHFi'ngQeﬁtc?e%fIhh:?nﬂﬁineEﬁe&ote(i‘ @Q%Fe%erﬁ}@né{étency of the
reaction conditions for the entire. duration the calcination step. To

prepare zeol FHEE341 1 %0 °hsENg rFet%étf)rter§é‘ﬁFd|l?ﬂFeﬁt1F8nt° isPEeuseful for th¢ )
st eam l¢al ci wiatreonetosdpeycarhatech otldatcid tesgereatuie parfblred

in each step. It is thus possible that a treatment with
20 milliequivalents H' per g of zeolite can be performed
in two steps using 10 milliequivalents in -each. Most
conveniently each step is carried out using the same

15 delauminant materials and under the same reaction
conditions.

Acids that may be used in step c) are inorganic
acids or organic acids, for example acetic, formic or
o¥alic acids. Preferred acids are inorganic or mineral

20 acids having a pKa below 0 - often termed ‘strong acids’
in the art. Non-limiting examples of inorganic acids
that can be used in the process of the invention are =
hydrochloric acid, nitric acid and sulphuric acid. (ﬁ):
Preferably a monovalent acid such as hydrochloric acid

25 and nitric acid is used. Usefully the acid is used in
the form of an agueous solution.

Generally any ammonium salt may conveniently be
used, suitable examples are ammonium nitrate, ammonium
chloride, and ammonium sulphate. Preferably the ammonium

30 salt used is selected from ammonium chloride and ammonium
nitrate.

As a result of the dealumination treatment tThe unit
cell size decreases and the silica to alumina molar ratio

increases from that of the intermediate zeolite.



range of from 600 to 800C, and preferably from®600 to 700C, nore preferably
620 to 680C, especially 630 to 670C. The steaming is nost usefully carried

out for inglp khek@nge of fromo0.5 hours to 5 hours, pre}ﬁf@%&,{,g‘]m 1 to

3 hours. The steam partial pressure for step b) is to be’i e range of
fromO0.2 to 1 atnosphere. This can equally be witten as being in the range
of from20 %ol steamto 20 100 %ol steam basis total gas present; where
another gas is present, this may be air, nitrogen or other inert gas.
Useful materials have been prepared utilizing steam conditions in the range
of from90 to 100 %ol. Where a |ower steampartial pressure is utilised, a
| onger steam 25 cal cination may be._necessary to achi eve the desired
internedi ate zeolite. Most suitably the steamcalcination treatnent is

carried out in twoeStePssid JMBhGNINEnbLIS skEFALIRM ciSar ki €d out at a
different te erature.thgg%the second 30 treatnent. Alternatively the

t r eat ment CHECTEFY FBAVSUL T ANDARYsEer Rt Avel yPsdGaliedr st epped (al so
known as a hyalwpebgsmalntressents. t eqper aétise ao¥ eisdd MA. tdhe tenperature

di fference ftr .fiécﬁzth .9 nd, n, from 04/ 0479

PCT/ EP2003/ 050897 - 12 v%gq}%ngllﬁ eltglotg% r{)e%?gy%)roeztgtsﬁgﬁrt"' [ gl%ﬁseful ly from 10
to 100C, espéEdmardy spéety dgcve| e fbeyzanliitabl eseldéntdeli nent a one step
treatment i scaihiehi s@id-vbeswiny) abugraduat pncegassddipenperature occurs over

tinme. 5 V\hateex\é%rnhff\ti n? {e%i e is .usedéfcar nmust be taken to ensure that
hot spots do 1ot "dccur ‘PR 1Te St Falt e R =  /es€el® " THPs will yield zeolites

Su
ur
of uneven propeistewy Thethrratrgret bén tchedstisms Agr trreakenente det er m nes t he

condi tions upder;vhidhchbecdeahppl Hiatigp. tiLatBpte 1319 £argd ed out. For
egarrpl e, a sli ghtlé/ nore severe steam ng treatnent (eg at a hi gher
t enper B ur e)USA PP TREGBEESE i GREPTERT d 1F elfuittERBht St tHE Hekded to yiel d the

calcination to be carried out at a temperature in the
range of from 600 to B800°C, and preferably from 600 to
700°C, more preferably 620 to 68B0°C, especially 630 to

670°C. The steaming is most usefully carried out for in
15 the range of from 0.5 hours to 5 hours, preferably from 1
to 3 hours.

' The steam partial pressure for stepAb) is to be in
the range c¢f from 0.2 to 1 atmosphere. This can equally
be written as being in the range of from 20 %vol steam to

20 100 %vol stéam, basis total gas present; where another
gas is present, this may be air, nitrogen or other inert
( i gas. Useful materials have been prepared utilizing steam
conditions in the range of from %0 to 100 %vol. Where a
lower steam partial pressure is utilised, a longer steam
25 calcination may be necessary to achieve the desired
intermediate zeolite.

Most suitably the steam calcination treatment is
carried out in two steps in which the first treatment is
carried out at a different temperature than the second

30 treatment. Alternatively the treatment may be carried out
in one step with a gradual, or stepped (also known as a
ramped)}, increase in temperature over time. The

temperature difference from first to second step, or from



hi gh surface area zeolites. The best conbination of conditions for the
equi pnent and materials used, can be 15 routinely experinentally determ ned.

Utilizing twr}?%@p@%? rocess it is possible to prepare fa%"i‘ﬁg‘p&.ﬁ) BBI}SS’;I al s

whi ch have size below 24.40 angstons, a surface area in excess
of 850 nR/g, a bulk S|Iica to alum na nolar ratio above 12 20 and a useful
m cropore volunme. In mddle-distillate selective hydrocracking, an
exceptional activity is shown by the zeolitic catalysts of the present

i nventi on which conpares favourably with that shown by higher unit cel
size materials having a 25 higher alumna content- It is well known in the
art that faujasite materials with a;unit cell size above about 24.40
angstrons have a different selectivity to the known | ower unit cell size

faujasite ”B:Le%&hﬁﬁ do€na O TBL - DEING T e e%ﬁwaf,,se' gotiye, as well as

having a h er 30 act|V|ty The materials rese FRvention exhi bit
t he high actmﬂl ty erpechel kn@dnthi YHCuniin @eivéryslszﬂtamaé erials conmbined with

the very deSén[b%gmegg qdh;ﬁ%mé%%lt%%%'%ﬁ%g%gf% i.t q%fnd e known Tow unit cell

size materials. WO 2004 WheJ’frfml n a catal yst of
the present 95378ali Hifregpe Hedrmperatiufponents |°§~°-Eis@f“!ﬂ ly mixed with an

amor phous  bi nder wheehRe@NRE4t inbh e SRy maouge«h» RAE RO4IPRRERLKERY be any
refractory |nor anl S 11%xkde or mtgtéu r]of oXi conventional for such
n"a

conposi ti ons: éener al w7 SP§ nPhat - amsa‘iactareaém?f“ﬁ ca-alunina or a
m xture of twseéramheSthelrledﬁelﬂomertestOﬁ singlvsn pugsitbiest 0 use

zirconia, clays, rgé U:KHt'Il'rlaln&ﬁ*%:@;%pgééﬁmn@a%@éﬂn%ntt BE@&!n@mesS\:%é ca-zirconia
and silica-boria o these are not 10 often used in the art. The anount

u .
of zeolite |‘?P“thE1°’ésat“3F’§§t”hs‘&Bp6P? WreH P H IS LEeAIERtiEsent may be up t(o}?f'
90 % by wei glerribdtouts pFef enabbye} m theghangecet &&eme?,

steaming treatment (eg at a higher temperature) will
cause a higher acid requirement to be needed to yield the
high surface area zeolites. The best combination of
conditions for the equipment and materials used, can be
15 routinely experimentally determined.
Utilizing the above process it is possible to
prepare faujasite materials which have a unit cell size

below 24.40 angstoms, a surface area in excess of

850 m2/g, a bulk silica to alumina molar ratic above 12
20 and a useful micropore volume.

In middle-distillate selective hydrocracking, an
exceptional activity is shown by the zeolitic catalysts ("i?
of the present invention which compares favourably with
that shown by higher unit cell size materials having a

25 higher alumina content. It is well known in the art that
faujasite materials with a unit cell size above about
24.40 angstroms have a different selectivity to the known
lower unit cell size faujasite materials, the former
being more naptha-selective, as well as having a higher

30 activity. The materials of the present invention exhibit
the high activity of the known high unit cell size
materials combined with the very desirable middle
distillate selectivity of the known low unit cell size

materials.



more preferably 10, especially 20, to 80 % by weight, based on the total
catal yst support. 15 It is possible, and may be preferred in certain cases,

for the c I . osition of the present invention al rh%h e a
second cr g‘gﬁizry{gfmd‘g%ggnent. This is preferably a second Zpse(grl,fé]?zgf_m @9
preferably a second zeolite is selected fromzeolite beta, zeolite 20

ZSM5, or a zeolite Y of different unit cell size. Wiere a second zeolite Y
is used, preferably it has a unit cell size greater than 24.40 A A second
cracki ng conponent C_nmay be present in an anount up to 20 parts by weight,
based on total zeolite plus binder, but preferably is 25 present in an

amount in the range of fromO0.5 to.4@ parts by weight. It should be noted
t hat anorphous silica alumna nay act both as a second cracki ng conponent

a_nd as a bi _nder ‘In é‘scﬁté;lryégkéﬁ&hgogpgw iintreljl 'orlgl,).SI‘,h Szeefoli’l:e\./ enpl oyed in 30
hi gh operating tenperature processes; as a binder it has een found useful

in protecti AYBRPILEEI 1 & Foi B Y ket wildy pot aneirkiony, bartert her ef or e
deactivati OdibmﬂdmeuﬂzieOTHboaﬂgg%WL%_CrBSﬁ%%%gogﬁ%%g{t 289/ 9 ;rjyuo[]i de is present f
or “gener at 4/ 047 PCT/ EP2003/ 05 -.14 In the preparation o
t he gat al ys?gf’fa\é?ﬁégi Jh‘éloerr?tapjé%,omfd/gl POV g e MiKiAES of zeol | tg vmpt h bi nder
and seéond cerEEKiiagakotpFomesit compoakiyionsn Genediad laqueiousssehuti on  maybe
added to thei@dayre afties, Wish ikbh-ksudill 66,2 Siigxhiydad gpd calcined in
conventional manner, A gonveni ent nono- basic _acid may be used for the

n =Nt
acidic sol OFiBHS ER&FHTies "I ST £Fi L5 &S BATFRd&t Fe Wi d.  During

extrusi on, ezormeeriti onbdtsy Adxthioswwphasdsaas.e mabhésizedritsntial, extrusi on ai ds
| ol ude SUPEI{IQg., koo QRAAINARLELLEAM NALER, RILLUSLORLMRY e of fect ed
i'ng any conventional, commrercially available extruder. I'n particular, a
ggremgo often used in the art. The amount of zeolite in the
catalyst support when binder is also present may be up to
90 % by weight, but is preferably in the range of from 2,
more preferably 10, especially 20, to BO % by weight,
based on the total catalyst support.
15 It is possible, and may be preferred in certain
cases, for the catalyst composition of the present
invention also to include a second cracking component.
This is preferably a sécond zeolite. Most preferably a
second zeolite is selected from zeolite beta, zeclite
20 ZSM-5, orAa zeolite Y of different unit cell size. Where
a second zeolite Y is used, preferably it has a unit cell
size greater than 24.40 A. A second cracking component
( may be present in an amount up to 20 parts by weight,
based on total zeolite plus binder, but preferably is
25 present in an amount in the range of from 0.5 to 10 parts
by weight.
It should be noted that amorphous silica alumina may
act both as a second cracking component and as a kinder.
As a cracking component it is most usefully employed in
30 high operating temperature processes; as a binder it has
been found useful in protecting a zeolite from loss of
crystallinity, and therefore deactivation, in use in any
process that water and/or fluoride is present or

generated.



type extruding machine may be used to force the m xture through orifices in
a die plate to yield catalyst 15 extrudates of the required form e.g.
cylindrical or trilobed. The strands forned on extrusion

to the appPshiPHPE%%¥8ength. If desired, the catal yst extrﬁﬁyﬁg@oﬁﬁy}’sﬁ"
dried, e.g. at a tenperature of from 100 to 300C for a period of 30 m nutes
to 3 hours, prior 20 to calcination Calcination is conveniently carried out
inair at a tenperature in the range of from300 to 800C for a } period of
from30 mnutes to 4 hours. At |east one hydrogenation conponent is
preferably 25 incorporated into the catalyst of the invention. This
addition may occur at any stage during catalyst preparation, using

t echni ques conventional in the art. “For exanple, the hydrogenation
conponent can 2&1 added to the zealite, or _a mxture of zeolite and binder,

t hrough 30 co-mfA% *AE. PHERAEARELT WSI JP T h‘?%é?%g%%étﬁeoh“%ﬂ}?ﬁ@ﬁent my be
added to thEOIInwrmcj exé rmdaheSOEztebeﬁtdaea‘mhebMdéﬁ ta&ﬂ s@c&drﬁj ni ng, using
conventi ona &9 echpi e or a ueous
i npregnati nlé 235 | g%@%& E’ PP I B an ld%% 9 ueo‘\?l FP salts. If the

i mpr egnat i oRAYA® 2@‘9&#0‘4@%‘8 P@V‘EPZ@@B?DB@&Q’F 1115LS G‘Gémcs af ter cal cination
of thesforneﬂcmaerduaaaecsalctlhe@ h cBHbémron@&ym%@cndAFi?' cination procedure
is usefully d. Herelnreferenc de to . the Periodic Table of 5
El enents whi %’h é Lo PR&C | 3% E‘aﬁgile g? Jr—&ﬁ’dbook of Chenmistry
and Physi CSS(Jlﬂﬁ@nRubbmleandb@omt)rlcww @dﬂtamtmdcu@: ng the CAS version

notation. Sgitah xéxwesf%drngel%naﬁwmQ%ﬁgléé as@ ected 10 from nickel,

cut

cobal t, nol ybdenum tungsten, ati num-and ga adium Exanpl es of
hydr ogenat | Bt ERRSonBATS (REFUPERP CRES include Superfloc, ( )
10 obtainable from Malco.

Extrusion may be effected using any conventional,
commercially available extruder. In particular, a screw-
type extruding machine may be used to force the mixture
through erifices in a die plate to yield catalyst

15 extrudates of the required form, e.g. cylindrical or
trilobed. The strands formed on extrusion may then be
cut to the appropriate length. If desired, the catalyst
extrudates may be dried, e.g. at a temperature of from
100 to 300°C for a period of 30 minutes to 3 hours, prior

20 to calcination.

Calcination is conveniently carried out in air at a
temperature in the range of from 300 to 800°C for a (fjﬁ
period of from 30 minutes to 4 hours.

At least one hydrogenation component is preferably

25 incorporated into the catalyst of the invention. This
addition may occur at any stage during Catalyst
preparation, using technigues conventional in the art.
For example, the hydrogenation compcnent can be added to
the zeolite, or a mixture of zeolite and binder, through

30 co-mulling. Alternatively the hydrogenation component may
be added to the formed extrudates either hefore or after
calcining, using conventional impregnation technigques, eg
as one or more agueous impregnating solutions of Group

VIB and/or Group VIII metal salts. If the impregnation



suitably be used include Goup VIB (e.g. nolybdenum and tungsten) and G oup
VIIl netals (e.g. cobalt, nickel, 15 iridium platinumand palladium, their

oxi des an phides. The catal yst conposition will pref ain at

| east tmodﬁ§§#%8@ﬂ%§ion conponents, e.g. a nnlybdenumeﬂé§ﬁ$&$ﬂ%%§¥%n
conmponent in conbination "wth a cobalt and/or nickel conponent.
Particularly preferred 20 conbi nati ons are nickel/tungsten and

ni ckel / nol ybdenum  Very advant ageous results are obtai ned when these netal
conbi nations are used in the sul phide form The present catalyst conposition
may contain up to 50 parts by weight of hydrogenati on conponent, cal cul ated
25 as netal per 100 parts by weight (dry weight) of total catalyst
conposition. For exanple, the catalyst conposition may contain from2 to

40, nore prgferably r Ak P; 20 ,g2nd eshes] al [ 10,to 20, parts by

~wei ght of G oup VIaBt?r%at%m(Csflgglh |/ 8?_ﬁom8%§ ét);c/)tl%sggérrsnr écth§5 ?)r eferably from
0.5 to 8 anfhEHd\EAnERYPHLSANY FRbmretien @rocpaurs sy ueefyhty of Group VI |

metal (s), cahguyalaed as netal per 100 parts by weight (dry weight) of total
catal yst conpositian. 2004/ 047988 PCTI EP2003/ 050897 . - 16 The present

i nvention al so &reg\?ilﬁe%é/gaerﬁ%%elsss nFoF toc&ﬁ\?e SRR ?9%%%8& bonaceous

f eedst dck i Rtendrdwerhipoidppagr sredrethal Srsikdecteconpfi skes aRgnt acti ng t he

f eedst ock Whthadbedr 09eihti ek VAL ent eIRer ATl & @pd 5 el evated pressure in
the presence of a _catal yst ositlon according to the present invention.

|y, ,
Exanpl es of &P Yr 60e§%25€d&%ﬁﬁnﬁlw P YT &6t Gh2 YRFAE8Rr acki ng, two- st age

hydr ocr acki ngyatand.seri es-fl ow hydrocracking. Definitions of these

processes can b%ué%abl%qv{n{%)hlpgrg nRag c%?wgplﬁ'r%ﬁg 3.9f.Lhapter 15 (entitled

"@ydr ocar bon processin zeol i tes uction to zeolite science
and pﬂactiCé”o@ﬂﬂqﬁgalbyCQhﬁﬁtBéW%ﬂWFenum' tungsten, platinum and

palladium.

Examples of hydrogenation components that may thus
suitably'be used include Group VIB (e.g. molybdenum and
tungsten) and Group VIII metals {e.g. cobalt, nickel,

15 iridium, platinum and palladium}, theif oxides and
sulphides. The catalyst composition will preferably
contain at least two hydrogenation components, e.g. a
molybdenum aﬁd/or tungsten component in combination with
a cobalt and/or nickel component. Particularly preferred

20 combinations are nickel/tungsten and nickel/molybdenum.
Very advantageous results are obtained when these metal
combinations are used in the sulphide form.

(lts The present catalyst composition may contain up to
50 parts by weight of hydrogenation component, calculated

25 as metal per 100 parts by weight {dry weight} of total
catalyst composition. For example, the catalyst
composition may contain from 2 to 40, more preferably
from 5 to 30 and especially from 10 to 20, parts by
weight of Group VIB metal{s) and/or from 0.05 to 10, more

30 preferably from 0.5 to 8 and advantageously from 1 to 6,
parts by weight of Group VIII metal(s), calculated as
metal per 100 parts by weight (dry weight) of total

catalyst composition.



Fl ani gen, Jansen; published by Elsevier, 1991. It wll be appreciated that
the hydrocQnversion 15 processes of the present invention can be carried out

in any reaction vessel usual in the art. Thus the process maé0 be perforned
in a fixedMAEWYHRRi ng bed reactor. Al so the catal yst BETEREPUIAIERT i on

may be used in conjunction with any suitable co-catal yst or other 20
materials usual in the art. Thus for exanple the catalyst of the invention
may be used in stacked bed formation w th one or nore other catal ysts
useful in hydroprocessing, for exanple with a catal yst containing a
different zeolite, with a catalyst containing a faujasite 25 zeolite of
different unit cell size, with a catalyst utilizing an am)rphous carrier,
and so on. Various stacked bed conbi®hati ons have been proposed in the
lierature: WO 99/32582; EP-A-310,164; EP-A-310,165; and EP-A-428, 224 may,
for exanple, be WEnPFBMEL: 1363Wé’“h)?a?%c%rroﬁéﬂ§%e'i‘)tléf"f:ééﬂsft%cks useful in the
present processemangvarlydsothtivoracaode HaidstBgk r atge 1owdhey incl ude

at mospheri c,gas n%l ;ngtelc%hgr "’%é“r(r)éé’l‘“gchg U%Heag@sﬁroggssdeasphal ted oils,

waxes obt ai ned rrom a cher Synthesr s | ong and short WO
2004/ 047988 I PedytEP20B3YD308979en af?éh‘é%‘tiﬁlﬁ’uésmp@aittallrytm%tl |y cracked cycle

oi |'s, thermahbyatel peasalrst igailey p&"e@@:'ﬁ?éj ogag Sidsysand syncrudes,
optlonally orl% atln fromt%r 321 S aIe oils, residue upgrading
processes afd™BTomasy. TESFEr A%t 1A o S8t 0hRYE Hydr ocar bon oil's may al so

be enpl oyed. The&xkeeliet 0ok sunh |progenee sl doppcosprsisglhysvamar bons having a

boi ling poi, kih§asthod r ange o erally be from
about 330 topgé%%gra% ﬁ Scrg g?%nec-em@rpgﬁndk glg{/en \@ftg%?jsig%gks havi ng a

boi | i ng ran@éd’é?‘:rﬁ%h?gidje%ﬁh‘fl@@oOFot‘BeZ?GCPr?ﬁ%‘ssfeé‘eﬁéf‘o‘bﬂ( may have a ()
nitrogén cantedtinopages taw25600 quEmwr(@eddterpes Ertlikdedby weight) and a "

sul phur Cont‘ﬁyéro%farﬁgnt&ro@e@inérmitﬁakégﬁt%ist’s Otgu.Bn‘Introduction
" to zeolite science and practice” edited by van Bekkum,
Flanigen, Jansen; published by Elsevier, 1991.
It will be appreciated that the hydrocenversion
15 processes of the present invention can be carried ocut in
any reaction vessel usual in the art. Thus the process
may be performed in a fixed bed or moving bed reactor.
Also the catalyst of the invention may be used in
conjunction with any suitable co-catalyst or other
20 materials usual in the art. Thus for example the catalyst
of the invention may be used in stacked bed formation
with one or more other catalysts useful in .
hydroprocessing, for example with a catalyst containing a ' (T)-
different zeolite, with a catalyst containing a fauvjasite
25 zeolite of different unit cell size, with a catalyst
utilizing an amorphous carrier, and so on. Various
stacked bed combinations have been proposed in the
lierature: WO-99/32582; EP-A-310,164; EP-A-310,165; and
EP-A-428,224 may, for example, be mentioned.
30 The hydrocarbonaceous feedstocks useful in the
present process can vary within a wide boiling range.
They include atmospheric gas oils, coker gas oils, vacuum
gas oils, deasphalted oils, waxes obtained from a

Fischer-Tropsch synthesis process, long and short



contents are in the range from 250 to 2000 ppnw and sul phur contents are in
the range fromO0.2 to 5 %w. It 15 is possible and nay sonetines be desirable

to subject,.. all of the feedstock to a pre-treat npl e,
hydr odeni t\"&’g‘gﬁb‘{*%"ﬁ hydr odesul phuri sati on or hydr ode%’ﬁ@‘?ﬂqsgﬁq

met hods for which are known in the art. 20 The process of the invention may
conveniently be carried out at a reaction tenperature in the range of from
250 to 500C, preferably in the range of from 300 to 450C. The present
process is preferably carried out at a 25 total pressure (at the reactor
inlet) in the range of from3 x 106 to 3 x 107 Pa, nore preferably from4 x
106 to 2.5 x 107 Pa and even nore_preferably from8 x 106 to 2 x 107 Pa.
Where a hydrocracki ng process is carried out at a | ow pressure of , for

exanple 4 x 1.2 S | d hydrocracklng
The hydr ogenégadr%e?‘al Qza J? Cmﬁ}é\@c!rl egn?é/ °% nSI et r'?aslTar 8Ferably in the

range from 3akagadce 32 Cgfa%ki'é)?gil:’a"lm 2@‘@4#%37198’85PGTB“CEI@Z@(DB# 050897 18

nor e preferabig/nfa&emg%ﬁbmleértshr% 4sKalD6ilPa, andhighk! hpg @R RgPr ef erably from
8 x 106 to 1.9 x 1S a $ ace vebomty in %he range%roma 1 to 10 kg
f eedst ock pBF°TTYTa TH al1yrs"f' per FBOTKG E- L F2H)°PE 5 conveniently used.

Preferably btherspavenvallocimby dksd ke ¢npeoyadge Theofe®ddrdak 8, particularly
from0.2 t 0w§lj_<9;en34l:ahI),1 compgléé"tﬁygrgéa%qgogmr%a§ {Dglfiqx%dSt ock (total gas

rate) used in the present process wll generallybe in C'" 10 the range
from 100 t oPSO0O @ﬁl#kgleatﬁﬁt 388°Cpr Ty @l@llgrlm.n nageraige from 200 to 3000

LT kg, The BEesent| DRI, Yl 155800 Dkt ! Uskiafed e e following
(’2 belng given to feed;tocks having a boiling range of from
7' 10 about 340 to 620°C. The feedstock may have a nitrogen
content of up to 5000 ppmw (parts per million by weight)
and a sulphur content of up to 6 %w. Typically, nitrogen
contents are in the range from 250 to 2000 ppmw and
sulphur contents are in the range from D.2 to 5 %w. It
15 . is possible and may sometimes be desirable to subject
part or all of the feedstock to a pre-treatment, for
example, hydrodenitrogenation, hydrodesulphurisation or
hydrodemetallisation, methods for which are known in the
art.
20 The process of the inveﬁtion may convenilently be
carried out at a reaction temperature in the range of
(; ' from 250 to 500°C, preferably in the range of from 300
. to 450°C.
The present process is preferably carried out at a

25 total pressure (at the reacter inlet) in the range of
from 3 x 10% to 3 x 107 Pa, more preferably from 4 x 106
to 2.5 x 107 Pa and even more preferably from 8§ x 108 to
2 x 107 Pa. Where a hydrocracking process is carried out

at a low pressure of, for example 4 X 106 to 1.2 x 107
30 Pa, this may be termed ‘mild hydrocracking’.

The hydrogen partial pressure (at the reactor inlet)

is preferably in the range from 3 x 106 to 2.9 x 107 pa,



15 In the Exanples the follow ng test methods have been wused: Unit cel

size: Determned by X-ray diffraction using the

Surface Ar
( Brunauer -

Soc., 60,

guot ed bel ow,
at a nitrogen parti al

net hod of ASTM D- 3942- 80.

: i ned in accordance with the 20 conventi I T
Sﬁﬁ%&?b$%ﬁ}er) met hod nitrogen adsorption tech%Fﬁﬂ@ugg%a%géribed

inthe literature at S. Brunauer, P. Enfmett and E. Teller, J.

309 (1938), and ASTM net hod D4365-95. In the determ nations

the results are given as a 25 single point assessnent taken
pressure of 0.03 following a high tenperature

Am Chm

pretreatnent. (see also note below). Mesopore Area: Derived fromthe above

BET surface area.

Herein "mesopore! ;s  used to indicate pores having a 30

dianeter of 2 nmor nore. The difference between the total surface area and

t he nesopore area

t i wh
havi ng a di a{??ertee?re%?raltgzgs T 3 KA 0% 2bou /0478 SR ERR003/ 050897 19

Silica to almyfengropdmiblyatidn ESAR) o6 Ret er oinad7by, chem cal

val ues quoted are "bulk' SAR (that_is to s t he_overall SAR) and not

specifically theﬁsfﬁ?f‘cc?f ve?‘h ltv(é’rs}gtﬁli‘ef irr?@g?rg‘yr?&l\ﬂrkt% Pokdl pore vol ume:

Det er mi ned vickdshec BpErmei tiad.cath g5 OpR-ehyol UKg: 1 AB3edsedsby the t-pl ot

nmet hod,. al so___known t he t- et od usiﬂg nitrogen as the adsorbate as
; I a8 Pty

descri bed bf? |ppens,yLPﬁ%eh aha e Boer

nvenlent TR Ka Cit¥atd y8i s,

anal ysi s;

3- 32, (1964) .the0 repgetiaiomi fil yro Bet partiisedably Xxpmy0 O ftfor acti on utili zi ng
ASTM D3906- 97, tgki 1@s the standard in each case a comerci al
of conparablekﬁOW/uhlt'cell size. Comments on the Method of Surface

Area- M cropor e Vahanmtianaf ynidgoges gsokit Eeqfisdbirky (trdeli gashe literature

general ly begfte) used in the present process will generally be in

10

15

25

30

the range from 100 to 5000 Nl/kg, but is preferably in’
the range from 200 te 3000 N1l/kg.
The present invention will now be illustrated by the

following Examples.
Examples

In'the Examples the following test methods have been
used:
Unit cell size: Determined by X-ray diffraction using the
method of ASTM D-3942-80.

Surface Area: Determined in accordance with the

conventional BET (Brunauer-Emmett-Teller) method nitrogen
adsorption technigue as described in the literature at S.
Brunauer, P. Emmett and E. Teller, J. Am. Chm. Soc., 60,
309 (1938), and ASTM method D4365-95. 1In the
determinations quoted below, the results are given as a
single peoint assessment taken at a nitrogen partial
pressure of 0.03 following a high temperature
pretreatment. (see also note below).

Mesopore Area: Derived from the above BET surface area.

Herein ‘mesopcre’ is used to indicate pores having a
diameter of 2 nm or more. The difference ketween the
total surface area and the mesopore area is the micropore
area, where ‘micropore’ indicates pores having a diameter

of less than 2 nm.

zeolite Y

“mcropore’ indicates pores

]

N

()



descri bed using BET surface area. The surface area data presented here have
been determ ned by the general procedure described in ASTM nethod D
4365-95. T i fi ¢ reconmendation in the ASTM net hod 20 hi gh
zeolite co&f%?‘@%r@t%érl als the linear BET range is pref eri> /Epﬁtnsfﬁ-@fm

bet ween p/po values of 0.01 and 0.09. The nethod further states that
enphasis on the even |ower p/po values should be used if a negative
intercept is observed. In addition Johnson (Journal of 25 Catalysis 52,
425-431 (1978), "Estimation of the Zeolite Content of a Catalyst from

Ni trogen Adsorption Isothernms”) clearly shows that very little adsorption
of nitrogen occurs above a p/po vatue ef 0.05 with zeolite Y and zeolite Y
catal ysts. The adsorption at nitrogen 30 partial pressure of 0.03 p/po has
been. sel ect édlasa tthealumsta suidablaeibr 3ARMI DEtdamieaticyt at e a BET surface

area for th it pfqithe e l.es 4 9

PCT/ EP200310§B§'§§A£1 gﬁ%oys‘llﬁe H’g{lgérssl gfm dcgsrgc%rl b%%il I n%tgg ét%%éxaml es contrast
in particul afoi a5 HPagecdrldaStbnparedot crgentieally thwaiffabfe, comercially
avai |l abl e deahgn&mttaqjln@g EhrbadSorand those docunented in the literature of
the art. st _be aken 0 CoO EEMO rrateﬁé:lls wWth simlar

unit cePl i@%@—ﬂgﬂm—ﬁat eF T4 ﬁ%v‘él% BN AEERTS: literature been
referred to dsctépareahpdusphdbses waobyt ehe Y-ploPH¥)tho@B-#A-s?, 014, 970

descri bes nmatgpiRlss %Ehtur{ythodcalémeaﬁ@mtg%saéeéé LBaN 2442 angst roms as
having BET CJ 10 surface areas_ from 450 n2/g to about 600 n2/g. US

4,401, 556 deSEFFBERET RE RPePA/ hry‘d‘rSGErﬁ‘&‘P(ldr‘FgBB?rheJé\N“aJpé%roI eum f eedst ock
of _such UPHYCeabteydial, s3¢and 1088 al ysts based on ther‘r) havi ng surface areas

th 0t lit I
1 SUP BT Rt RE0 RS ER TR By A SRR iRt oo 10
ASTM D 906-97

taklng as the standard 1n each case a

commercial zeolite Y of comparable low unit cell size.
Comments on the Method of Surface Area-Micropore Volume

Analysis:
15 Zeolite gquality has in the literature generally been

described using BET surface area. The surface area data
presented here have been determined by the general
procedure described in ASTM method D 4365-35. The
specific reccmmendation in the ASTM method is that for
20 high zeolite content materials the linear BET range is

preferentially found between p/pg values of 0.01 and

0.0%. The method further states that emphasis on the

(»:. even lower p/p, values should be used if a negative

intercept is observed. In addition Johnson (Journal of
25 Catalysis 52, 425-431 (1978), “Estimation of thé Zeolite

Content of a Catalyst from Nitrogen Adsorption

Isotherms”) clearly shows that very little adsorption of

nitrogen occurs above a p/pg value of 0.05 with zeolite Y

and zeolite Y catalysts. The adsorption at nitrogen

30 partial pressure of 0.03 p/po has been selected as the

most suitable from which to calculate a BET surface area

for the zeolites of the present Examples.



‘recorded BET surface areas of from586 to 752 n2/g.

materials are also referenced in the literature. In particular

ref erences

Commerci al ly avail abl e

US 5, 234, 876

"Utra-stable Y-zeolite" materials, TSZ-350 a - 0 ‘
avai l abl e W%?ﬂ“‘f’@ﬂ?ﬁs Cor poration with BET surface ar eas rgﬁgﬁgﬂﬁg%@éoo to
650 nm2/g. Simlarly, Bezman in Catalysis Today, 13, 143-156 (
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Zeolites Th
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hydrot hermal | y deal um nated Y-type zeolites (HDY's)
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nde Division of UOP, specifically 25 LZ-Y20 and from PQ

specifically CBV 600 and CBV 712. Al these nmaterials are

have BET surface areas between 500 and 700 nR/g. Preparation of
e zeolites utilised in th catal ysts of the 30 present invention

ed by the follomnng genera? procedures. The starti

w aIk nten al kal i _oxi de) amoni um
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25
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fav%ahgslmtéamémﬁflﬁcma%wa%@esaéalluﬁu 5@@&'mfa%e§1§ e exanpl es were

elt oper et hod gas described 1n
c?r'l‘dNBho-Be spsugemed\inchhg dvsryakule ednthexahange of

frish Ome ok 416 na BB DEHmpET b Ofhere X 6NAMGa:1 a0k Pyt RemAl &f andi

n U.S. .ent Speci f tio ., 4,085, 069) which i
c aﬁg%eﬂﬁ drens %geno%saéﬁgéFﬁf%B§ﬁﬁgFi81f§epP3§%Qﬁ

ng materials
formyY
es are

atent } 5
Na form

nvol ves
e. The

re stean1caIC|ned in one or two steps to create_an 15

P pePYFETEr P el SN0 st 24 e SPEUROAS28Y| 11Vd89 BET

surface areas from 450 m?/g to about 600 m2/g. US
4,401,556 describes the use in hydrocracking of heavy

petroleum feedstock of such UPHY materials (and catalysts

based on them) having surface areas in the range of from

520 to 579 mz/g. EP-2-421,422 decuments zeolites also

suited to the hydrocracking of heavy feedstocks that have

recorded BET surface areas of from 586 to 752 mé/g.

Commercially available materials are alsc referenced

in the literature. In particular US 5,234,876 references

“Ultra-stable Y-zeclite” materials, TSZ-350 and TSZ-360

available from Tosoh Corporation with BET surface areas

ranging from 600 to 650 m?/g. Similarly, Bezman in
Catalysis Today, 13, 143-156 (1992) describes
hydrothermally dealuminated Y-type zeolites (HDY's)
available from the Linde Division of UOP, specifically
LZ-Y20 and from PQ Corporation, specifically CBV 600 and
CBV 712. All these materials are reported to have BET

surface areas between 500 and 700 m</g.

Preparation of Zeolites

The zeolites utilised in the catalysts of the
present invention were prepared by the following general
procedures.

The starting materials used are low alkali content

{<1.5 %wt alkali oxide} ammonium form Y zeolites. These

nmet hod (as

net hod of

Pt

hY
; .



were then subjected to an acid-dealum nation treatnent consisting of a one
step treatnent with a conbination of amonium chloride and hydrochloric

acid. The specjfi details of the steaningtreatnent(s)lg:l%% E j 20
exchange- d‘gﬁlzﬁH@fiﬁson treatnment are also given in Table : é? @fdvsva &r
content in the ion-exchange-dealum nation treatnent was generally
sufficient to provide a zeolite Cslurry with fromb5 to 25% anhydr ous
zeolite. Such variation is not believed to materially affect the 25
results obtained. Product properties of these materials, terned zeolites |
to 5 are given in Table 2. Tables | and 2 also detail the preparation and
properties of zeolite 6. This zeoli Lg was prepared 30 anal ogously to
zeolites 1 to 5, but with onIy a si ngle step aC|d treatment performed as

t he aci d-deal umi_nati on. idutil ochlgric acid. Cenerally
it should ba“Hot&d ?ﬁ%tpreﬁa ?%%ry Po° hav wotrﬂ%%bo %’é%[”bIprE Pties of a very

hi gh surf acertar e@hahe MO 26041104 7988e R@EAEPQ%?,:TOEGBQH me2Rod¢ he preferred

hi gh m cropgg e, 0QleyiBy SMigRPTQARGLAL S thgoamrmﬁté uepé slapiag severity and
aci d-deal um natj on severity nust be ap recursor is too mldly

st eamed t heRY it Hh8y Rt Cﬁ@pgﬁf“ﬁtEPgnﬁﬁl d§f"§5’r%€q d“a” sdgépat

aci d/ agi d- agyp&ﬂ%kisat%eng,qise@@ﬂlmahnlwwve%uw acp area. If the
material is over steamed, too much ystal structure damage will occur so

that the hi §RCPaOges aéeNaarfé?émaﬁ%letErB'pofroél%?%rFé’s ARPPILYOEOBe achi eved.
Simlarly, ekcidigeacbd/mcitdeanrafindin ietdatingss desctoBed Qnnbl e, the anorphous

debris crea Wi II e su renoved and the SAR
wi_ll not fa%%terjlltntsg ?h"slc eé'imrlg\l ranosepggn l? @ls ur é{gg%%é’r/ea will be low WO

2804/ 047 988a1m@|rl1|5m2@aslmmagrrderzautgg@q\ﬁy 5uperatmospher1c

pressure. The chemical analysis of the starting zeolites
along with the general method of preparation is indicated
in Table 1.
The low alkali coentent ammonium form Y zeolites were
steam calcined in one or two steps to create an
15 ultrastable type Y zeolite. Most of the steamed zeolites
were then subjected to an acid-dealumination treatment
consisting of a one step treatment with a combination of
ammonium chloride and hydrochloric acid. The specific
details of the steaming treatment(s) and .the ion
20 exchange~dealumination treatmenf are also given in Table
1. The water content in the ion-exchange-dealumination
] treatment was generally sufficient to provide a zeolite
( | slurry with from 5 to 25% anhydrous zeolite. Such
variation is not believed to materially affect the
25 results obtained.
Product properties of these materials, termed
zeclites 1 to 5, are given in Table 2.
Tables 1 and 2 also detail the preparation and
properties of zeolite 6. This zeolite was prepared
30 analogously to zeolites 1 to 5, but with only a single
step acid treatment performed as the acid-dealumination.
The acid utilised was hydrochloric acid.
Generally it should be noted that in order to have

the desired properties of a very high surface area and
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the preferred high micropore volume, an appropriate
combination of steaming severity and acid-dealumination
severity must be applied. If the precursor is too mildly
steamed then it may not be sufficiently stable to a
severe acid/acid-ammonium treatment, resulting in low
surface area. If the material is over steamed, too much
crystal structure damage will occur so that the high
surface area and micropore volumes will not be achieved.
Similarly, if the acid/acid-ammonium treatment is too
mild, the amorphous debris created in the steaming will
nct be sufficiently removed and the SAR will not fall

inteo the desired range and the surface area will be low.
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Preparation of Catalysts

The zeolites prepared above were formulated into
catalysts as described below. The Y zeolites used in
Comparison catalysts A to F for use in comparison

5 activity testing are commercially available from the PQ
Corporation of Philadelphia.

By the following genéral procedure catalysts were
prepared using different amounts of zeclite and inorganic
refractory oxide, generally alumina, in each catalyst

(Tl 10 formulation as noted in the Tables below. For all cases
except Comparison catalyst C, Comparison catalyst E and
Catalyst 3, the catalyst composition cohtained 4 3w
nickel and 19 %w tungsten as metal hydrogenation
component, based on total catalyst weight; Comparison
15 catalyst C contained 17 %w tungsten, and both Comparison
catalyst E and Catalyst 3 contained 3.3 %w nickel and 16
%w tungsten. These slight differences in metals contents
have no effect on the activity of such hydrocracking
catalysts; any effect exhibited is limited to (slight)
20 changes in aromatics hydrogenation.
General procedure:
A catalyst was prepared by mixing a zeolite with
(if? refractory inorganic oxide in the proportions reguired.
( Water and 3 %wt nitric acid (65 3wt solution} were added
25 in order to achieve a pH of in the range of from 4.4 to
5.7 and a loss on ignition of from 50 to 60 %wt and the
mixture mulled in a mix-muller until an extrudable mix
was obtained. The mixture was then extruded, together
with an extrusion aid (Superfloc), into extrudates

30 having, in cross-section, a tri-lobe shape. The
extrudates were dried statically for 2 hours at 120°C and

then calcined for 2 hours at 535°C. The catalyst

particles so-obtained were of regular length and had a



catal ysts as described below The Y zeolites used in Conparison catalysts A -
to F for use in conparison 5 activity testing are commercially avail abl e
fromthe PQ Corporation of Philadelphia. By the follown ener al procedure
catal ysts r@“*"ﬁ?@ﬁar ed using different amounts of zeol i}g@g‘é"ﬁﬁo%’“ﬁ‘ gani ¢ '
refractory oxide, generally alumna, in each catalyst 10 fornul ation as

noted in the Tables below For all cases except Conparison catalyst C,
Conmparison catalyst E and Catalyst 3, the catal yst conposition contained 4
%v nickel and 19 %w tungsten as netal hydrogenation conponent, based on
total catalyst weight; Conparison 15 catalyst C contained 17 %w tungsten,

and both Conparison catalyst E and Catalyst 3 contained 3.3 %v nickel and

16 9%w tungsten. These slight di fferdntes in netals contents have no effect
on the activjty of such _hydrocracking catalysts; any effect exhibited is
limted to E“s?"%-‘&ﬁf)" @-‘éhé’ﬁgé‘?"“isﬁrﬁ?‘o‘?\‘é’ﬂ &8e HsRRr 6§eh%?ittﬂ’f.t°m6ener al

procedure: #f catmahysil wasapybpaEoetdedybyritkengri-1zeelite with refractory

i norgani ¢ oxi de i o) i required. ter d 3 9% nitric acid
(65 %t sol uti or%hgmré%galaéggg‘_{&ze@%ﬁOgr%)g‘rpof'sn%sch°| e\rl%cgglpﬁngf in the range of
from 4.4 totumsisreanee® |thSR Wirargareterh bof ifprangOicw €0 Yt and t he

m xture nul perhetl RitH %mMHbheYerdRbll agieoext 54dARLE BE %i MAg obt ai ned. The
m xture was_t hen extruded, i extrusion aid (Superfloc), into

! ! .togﬂether with arﬁ?
extrudat es 30VHAVI A THCORHYLLSTAEPPGH 2Rt The I'OBECIPRATRE The extrudat es
were dried stiatudeats wefrer d2idrbats ambidR0Coadhick i cnisefin ctabtci ned for 2 hours at
535C. The cat al . _particle 0-obt ai ned were .of..requl.ar length and had a
WO 2004/ 0475@?%%%’?@?@63%8’5383‘?“-8 %r{%ginaﬁ%ﬁe‘% %fte‘%g hﬁ’l’r%asured from
the top to ke fabliDMcaQtifedd Babed oanglwfrer med by the tri-1obe. The =07

met al lHydr oggtnia}?tiltgntézsc%r{%gnents of nickel and ()

The hydrocracking performance of the catalysts was
assessed in a number of- second stage series-flow
simulation tests. The testing was carried out in once-
through microflow egquipment which had been loaded with a

15 top catalyst bed comprising 1 ml C-424 catalyst
(commercially available from the Criterion Catalyst &
Technology Company} diluted with 1 ml of 0.1 mm SiC
particles and a bottom catalyst bed comprising 10 ml of
the test catalyst diluted with 10 ml of 0.1 mm SicC

20 particles. Beth catalyst beds were presulphided prior to
testing.

Each test invelved the sequential contact of a B
hydrocarbonaceous feedstock (a heavy gas o©il) with the (;)
top catalyst bed and then the bottom catalyst bed in a

25 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 1440 Nl/kg, a hydrogen
sulphide partial pressure of 5.6 x 10° Ppa (5.6 bar) and a
30 total pressure of 14 x 106 Pa (140 bar).
The heavy gas oil used had the following properties:
Carbon content : 86.47 %w

Hydrogen content : 13.53 5w



tungsten were then incorporated by inpregnation of the 5 pellets with an
honogeni zed aqueous sol ution of nickel nitrate and amoni um net atungstate.
The inpregnated extrudates were dried at anbient conditions in

circul ati nYORP+94GP881 hour and then at 120C for 2 hours ERHEF %01’13&‘?‘1“?97

cal cined at 500C for 2 hours. 10 Activity testing The hydrocracking
performance of the catalysts was assessed in a nunber of second stage
series-flow sinmulation tests. The testing was carried out in once- through
m crof | ow equi pnment whi ch had been | oaded with a 15 top catal yst bed
conprising 1 m C- 424 catalyst (commercially available fromthe Criterion
Cat al yst & . Technol ogy Conpany) dlluted wth 1 mM of 0.1 nmSiC particles
and a bottom catal yst bed conprisingF10 m of the test catal yst diluted
with 10 mM of 0.1 mm Si C 20 1E.)artlcles Bot h catal yst beds were presul phided
prior to t8SEFIE" EHEHCTESP i nvol ved the’ sequBRtYal contact of a

‘hydr ocar bonadeedisi-Deegdsimick (a heavy gas oil )12\M3t@/;¢d'|e top catal yst bed and
then the bottom catal yst bed in a 25 once-thrg ug o]feratl Oﬂ %der t he

foll ow ng process conditions: a space vel oci 9 y gas oil per
litre catal yst per hour (kg.l-1.h-1), a hydrogepmwgts/ heavy gas oil ratio of
1440 Ns/ kg, racdy dHi®gehen SilyphbsieRarti al pressyse, élq_,{ 5.6 x 105 Pa (5.6 bar)
and a 30 total pressure of 14 x 106 Pa (140 bar).” The heavy gas oil used had
the fol | owi R§NPropdrPi€sC) Carbon content: 86.948784v Hdr ogen content 13.53 %w

WO 2004/ 047988, BGT/ (ER29034 030897 27 Nitrog %c tent 9 ppnw Added
n- Decyl am ng) 13 tgr( 7 (eqw valent to 1100 %ngg Al

7 Molar we1ght : 433 g
é}’ Initial boiling point : 351 °¢C
10 50 %w boiling point . 451 °C
Final boiling point : 605 *°C

Fraction boiling below 370 °C : 3.71 %swt

Fraction boiling above 540 °C : 10.0 swt

Hydrocracking @erformance Qas assessed at conversion
15 levels between 40 and S0 %wt net conversion of feed
components boiling above 370°C. To compare activity, the
obtained results, expressed as the température required
to obtain 65 %wt net conversion of feed components
boiling above 370°C, are shown in the Tables below. In
20 the Tables the amount of zeolite is guoted as the
(; - percentage by weight based on the total catalyst support,

ie based on the catalyst weight excluding metals content.

Example 1

In these first tests the activity of a number of
25 comparison catalysts was assessed against catalysts of
the present invention. The results are shown in Table 3.
Table 3 demonstrates that when utilizing ultrastable
zeolite Y materials having a ‘high’ unit cell size (of
above 24.40 A) formulated into hydrocracking catalysts
30 there is no activity gain (as shown by the T req.) with a

change in unit cell size, surface area, SAR and micropore



5 Total nitrogen (N) content 1109 ppnw Density (15/4 C) 0.8736 g/m

Density (70/4 C 0.8394 g/m Mlar weight .433 g Clnitial boiling point
351 C 10 50 %w boiling point 451 C Final boiling point 605 C Fraction

boi | i ng beM&EW0840478883 71 ost Fraction boiling above 540 BCHEPYIFR0897

Hydr ocracki ng performance was assessed at conversion 15 | evels between 40
and 90 %w net conversion of feed conponents boiling above 370C. To conpare
activity, the obtained results, expressed as the tenperature required to
obtain 65 %M net conversion of feed conponents boiling above 370C, are
shown in the Tables below. In 20 the Tables the anbunt of zeolite is quoted
as the percentage by wei ght based on the total catalyst support, ie based
on the catal yst wei ght excluding met&fs content. Exanple 1 In these first
tests the activity of a nunber of 25 conparison catal ysts was assessed

agai nst cat at§s¥§: oPoth emp iRt Cphdbifttisoh. ath@ FeRuinoFeape shown in Tabl e
3. Table 3 desmnsheas@s tbaperhi@ieUbédiizienentl f1r asgapl & z80kite Y materials
havi ng a 'hilge' C%gi érciegl size (of above 24.40 A) fornulated into
hydr ocr acki ng” cat'a ys?sn30 there is no activity gain (as shown by the T
reg.) with a chahgeskilladi peceinl wehke nogualhbheexgeet, tiBARbandw m cr opore WO
2004/ 044988 EQ%&%E@QQﬁﬁQSQgﬁgsite?stm¥QMQgﬁérQQhQrgp tHEn catal ysts A and

B show nore or, |l ess the sane tenperature requirenent (T req.) for 65 %
net conversi Yt FRdL ski3® 8 P 26AL WotiISHPRBF tral (Wpiek pirdi cphEas delow 5 a
certain unitloedingi @@, theheldnirtiher cboweri Agafo shewn unj tancel | size of the

zeolite suppQrd.c,(uh| ¢aRRdi GANGS 18aa ! QYGT 106 af, L08; AT gLum content -
al so shown by an :
hat a higher temperature would be necessary to achieve g

P
R

10 ‘the same conversion. This expectation is indeed shown by
Comparison catalyst C in which the zeolite Y support has
a significantly lower unit cell size and a higher SAR,
and requires a 10°C higher temperature for the same
conversion as either of Compariscn catalysts A and B.

15 It is thus extremely surprising to find that the
catalyst of the present invention, Catalyst 1, utilizing
a zeolite of similar ‘low’ unit cell size and an even
lower aluminium content (as shown by the even higher SAR)
achieves the same activity as the ‘high’ unit cell size

20 zeolite~supported Comparison catalysts A and B.

From the results of Table 3, it can also be seen
that the high activity effect is not given from only =
changing the SAR of the zeolite. The zeolite for (_)
Catalyst 2 has a substantially equivalent SAR to

25 Comparison Catalyst D but the Catalyst 2 also shows an
improved temperature requirement. A further increase in
surface area, SAR and micropore volume, in the zeolite
support yields further activity improvement (Catalyst 3).

Also, the data show that the effect is not related

30 to the proportion of zeolite Y in the catalyst
formulation, and is also exhibited by other zeolites of
similar properties. Catalysts containing preoportions of
50 %wt and 70 %wt zeolite were investigated and in each

case a significantly higher activity (as shown by a



‘-increase in SAR), would lead to a loss in activity, ie that a higher
t enperature woul d be necessary to achieve 10 the sanme conversion. This
expectati i.S, d shown by Conparison catalyst Cin i olite Y
‘support hggozg‘“@?gﬁ?fi cantly lower unit cell size and a mﬁlgﬁcei)?o%&%@%and
requires a 10C hi gher tenperature for the same conversion as either of
Conparison catalysts A and B. 15 It is thus extrenely surprising to find
that the catalyst of the present invention, Catalyst 1, utilizing a
zeolite of simlar "low wunit cell size and an even |ower alum nium content
(as shown by the even higher SAR) achieves the sane activity as the " high'
unit cell size 20 zeolite-supported,gonparison catalysts A and B. Fromthe
results of Table 3, it can also be seen that the high activity effect is
not given from-on| ch ing.the SAR of the zeolite. The zeolite for

Catal yst 2 ?ﬁi‘?eéag%ﬁ%tdé%?g’éqqqﬁagqﬂ VHCERE g%ﬁ 10 SASNCERAPRY i"éSn Catal yst D
but the Catadwst w2talte shoysan of Nprcopedsérenperattion requi renent. A
further inc LN ..surf . .ar ea, i v in the zeolite
support vyi e‘{cg'g)%ﬁﬁ?%let% gc%ﬁr\?ﬁl%f?nfp%\@el%g%? rgo%étgg%%f C%)chi%tso, t he data
show t hat t%fe sdftfiéef yrdtngell sliaecbut 3oved shdapgropoia-i 6ARoInFeolite Y in
the caj al ysticApopul adivee, and is al so exhibited by other zeolites of
simlar properties hCatal ysts containing proportions of 50 %w and 70 %
zeolite were i nvasEPERI%EE Bhd 3P 8att™ gés%o &iGRi ¥1%ant | y hi gher activity
(as shown byerpanBt 200 47=Q4 VYO8 NRETLEPZBA3L P50897 Cap@lytte@pendt ur e

di fferentiabyf; @k 0ynghal 06mpdt 1886 Nc£@SGL WBSEnOUDEh W thchbgscat al ysts of
the present invention conpared with a simlarly fornulated Conparison

cf'al yst  off Sihf PAFSHM £MEEYI08 28" blth e bweh® PPt tarrEsl i AR and 5
1 Cropore volisrmeeBadtthenndieved ttheasan¥e aseénithyy. conparing the tenperature
requi renents for Catalyst 1, Catalyst 2 and
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npl e, an assessnent of the hydrocracking selectivity to mddle

illate hydrocarbons of catalysts of the present invention was made. 5
le distillate is to be understood herein to be
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Example 2
In this Example, an assessment of the hydrocracking
selectivity to middle distillate hydrocarbons of
catalysts of the present invention was made.
5 Middle distillate is to be understood herein to be
the kerosine plus gas oil boiling range of hydrocarbons.
To obtain a true comparison of selectivities between
catalysts, it is necessary to compare the selectivity at
(;“ a constant activity, i.e. at the same Tregq. Accordingly
N 10 in Table 4 product selectivities for a Comparison
catalyst and for catalyst of the present invention are
compared on this basis. 1In particular the selectivities

to the following products: C1-C4 hydrocarbons, Cg to

150°C (naphtha) and 150 to 370°C (kerosine and gas oil)
15 are recorded.

It can be seen that the product selectivity is very

similar.



t he kerosine plus gas oil boiling range of hydrocarbons. To obtain a true
conpari son of selectivities between catalysts, it is necessary to conpare
the selectivity at a constant activity, i.e. at the same Treq. Accordingly
10 i n Tabl WOR0PY Y8t sel ectivities for. a Conparison cat alGREPRPHOPE

catal yst of the present invention are 32corrpared on this basis. In particular
the selectivities to the follow ng products: Cl-C4 hydrocarbons, C5 to
150C (naphtha) and 150 to 370C (kerosine and gas oil) 15 are recorded. It
can be seen that the product selectivity is very simlar. W 2004/ 047988
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Example 3

A catalyst was prepared following the Catalyst
Preparation procedure above but with a small weight
amount of zeolite beta added to the dry zeolite-alumina

mixture prior to the addition of water and acid. For

" Catalyst 9, 4 %w zeolite beta was added. The zeolite

beta used had a silica to alumina molar ratio of
approximately Z00 and was obtained from Zeolyst

International under product code CP811B-200.

— The selectivity of the Catalyst 9 was assessed
against that of Catalyst 2 which has a comparable
activity. The results are giveh in Table 5 below. It can
be seen that the inclusion of a small amount of zeolite
beta provides an improvement in middle distillate

selectivity of the catalysts of the invention.



Oy”*"r NGm~ Oy,1 0L)V) J)i)N1) T4TT4TC O0 ub'"aE mo
mmo mUUUUUU. W 2004/ 047988 PCT/ EP2003/ 050897 - 33 Exanple 3 A
catal yst was rePar ed followi ng the Catal yst Preparation E;r;)cedure above
but with avvs%gqoﬁoé\Q?ibht amount of zeoljte beta added to €HEEFAYP/00897
zeolite-alumna 5 m xture prior to the Hddition of water and acid. For

Catal yst 9, 4 %wv zeolite beta was added. The zeolite beta used had a silica
to alumna nolar ratio of approxinmately 200 and was obtai ned from Zeol yst

I nternati onal under product code CP811B-200. C 10 The selectivity of the
Catal yst 9 was assessed against that of Catalyst 2 which has a conparable
activity. The results are given in Table 5 below. It can be seen that the
inclusion of a smgll_anount of zeolite beta provides an inprovenent in

mddle distillated3 selecstivity of the catalysts of the invention. C ?. W
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CLAIMS
1. Hydrocracking catalyst composition which comprises

10

15

20

25

30

an optional metal hydrogenation component supported on a

carrier comprising a zeolite of the faujasite structure

‘having a unit cell size in the range of from 24.10 to

24.40 A, a bulk silica to alumina ratio (SAR) above 12,

and a surface area of at least 850 m2/g as measured by
the BET method and ATSM D 4365-95 with nitrogen
adsorption at a p/po value of 0.03.

Z2. A composition as claimed in claim 1, wherein the
zeolite has a unit cell size in the range of from 24.14
to 24.38 A.

3. A composition as claimed in c¢laim 1 or claim 2,
wherein the zeolite has a SAR in the range of from 20 to
100.

4. A composition as claimed in any one of claims 1 to
3, wherein the zeolite has a surface area of at least
890 m2/g.

5. A composition as claimed in any one of claims 1 to
4, wherein the zeolite has a micropore volume of at least
0.28 ml/g.

6. A composition as claimed in any one of claims 1 to
5, which further comprises a second zeolite.

7. A composition as claimed in claim 6, which further
comprises in the range of from 1 to 5 %$by weight of
zeolite beta, basis total carrier.

8. A composition as claimed in any one of claims 1 to
7, which further comprises a binder.

9. Hydrocracking catalyst composition which comprises
an optional metal hydrocracking component supported on a
zeolite as defined in claim 1, which is obtainable by a

process which comprises:



U> NelU 30. U oNMU N NN wr . J .i ONMO2w wO NN
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35 CL AI MS 1. Hydrocracking catal yst composition which conprises an
optional netal hydrogenation conponent supported on a carrier conprising a
zeotite of the faujasite structure having ? unit cell size in the range of
from24.10 to 5 24.40 A, a bulk silica to a fMina ratio (SAR) above 12, and

a surface area of "at al eas;ar859dn%gaagtaeaw@egleayltéhszEHeWE&B;?\QS@E'Q ATSM
D 4365-95 with nitrogen adsorption at a p/po, value of O.
conmposi tion as clained i nSEF4FRPIS RA¥IBPnat Rélica to alumina ratio of

from 4.5 to 6.5 and an alkali level of less
than 1.5%wt;

5 b) hydrothermally treating said starting zeolite
at a temperature in the range of from 600 to
850 °C and at a partial pressure of externally
supplied steam in the range of from 0.2 to 1
atmesphere for a time effective to produce a

10 intermediate zeolite having a unit cell size of
from 24.30 to 24.45 A;

c) contacting the intermediate zecolite with an
acidified solution comprising an acid and
optionally an ammonium salt under conditions

15 effective to produce a high surface area
zeolite having a unit cell size in the range of
from 24.10 to 24.40 A, a molar silica to

alumina ratio of greater than 12 and a surface

area of greater than 850 m2/g, thereby
20 producing the high surface area zeolite; and
d) recovering said high surface area zeolite.
optionally followed by one or both of:
e) mixing said zeolite with a binder and/or a
second cracking component, extruding and
25 calcining; and
) incorporating at least one hydrogenation
component into said zeolite of step {d) or into
the catalyst at any stage of step (e} or
subseguent thereto.
30 10. A process for the conversion of a hydrocarbonaceous
feedstock into lower boiiing materials, which comprises
contacting the feedstock with hydrogen at elevated

temperature and pressure in the presence of a



10 zeolite has a unit cell size in the range of from24.14 to 24.38 A. 3. A
conposition as clainmed in claiml or claim2, wherein the zeolite has a SAR
in the range of from20 to 100. 15 4. A conposition as clained in any one
of claimse 1 to 3, wherein the zeolite has a surface area of at |east 890
n2/g. 5. A conposition as clained in any one of clainms 1 to 4, wherein the
zeolite has a mcropore volune of at lF'east 20 0.28 m/g. 6. A conposition
as clainmed in any one of clains 1 to 5, which further conprises a second

zeolite. KydPo&Pa@osid i @it asy & ddmdbslik iehakp B1aWibghifushPesne CONPri ses in
the range of from1l to 5 %y weight of 25 zeolite beta, basis total carrier.
8. A conp6sRifdnl asocfaimed in any one of clains 1 to 7, which further
conprises a binder. 9. Hydrocracking catal yst conposition which conprises

an optional netal hydrocracki ng conponent supported on a 30 zeolite as
defined i hlel ak npdgcavs ofe icslalmeal dablcd aby 40, prbtebsiwhéghr compritses: 36

a) providipg a stariing zealite of the fauyjasi tr ure_having a silica
to aIuningpr%t?%P%ﬁraEé%ﬁnafE§Q%)ﬁ§qgeaﬁé gkcglégPi§ e$g¢ %faT€§% t han
1.5%M ; 5tb}ahyshresherearaid yHa aaingeg cFaifdost ar ki Dg® zeol3 t:e 10dt Pa.t enperature
in the range of from600 to 850 C and at a partial pressure of externally
supplied steamin the range of from0.2 to 1 atnosphere for a tine

effectiveilpo pxoguggl @ dikdnbeyediatetieal hiyarbavhbgidgubitargdd size of
from?24.30 to 24.45 A, c) contacting the internmediate zeolite with' an

aci di fi edCeBPYE 1 oFPR IG5 i GRFRIH 588 @ gsdal hydrogenation component
selected from the group of metals consisting of molybdenum,

tungsten, cobalt, nickel and combinations of two or more
thereof supported on a carrier comprising an amorphous
binder component and from 2 to 80% by weight, based on the
total weight of the carrier, a zeolite of the faujasite
structure having a unit cell size in the range of from
24.14 to 24.38 A, a bulk silica to alumina ratic (SAR)

above about 12, a surface area of at least about 850 m?’/g as
measured by the BET method and ATSM D 4365-95 with nitrogen
adsorption at a p/po value of 0.03, and a micropore volume

of at least about 0.28 ml/g.

13. A composition as claimed in claim 12, wherein the
zeolite has a unit cell size in the range of from 24.24 to

24.38 A.

14. A composition as claimed in c¢laim 12, wherein the
zeolite has a SAR in the range of from about 20 to about

100,

15. A composition as claimed in claim 12, wherein the

zeolite has a surface area of at least about 890 m‘/g.



optionally an ammonium salt under conditions 15 effective to produce a high
surface area zeolite having a unit cell size in the range of from24.10 to
24.40 A, a nolar silicato alumna ratio of greater than 12 and a surface
area of greater than 850 n2/g, thereby 20 producing the high surface area
zeolite; and d) recovering said hig_h3 urface area zeolite. optionally

foll owed by one or both of: e) mxingsaid zeolite with a binder and/or a
second cracki ng conponent, extruding and 25 calcining; and f) incorporating

at |east gpe hydeogehali Obh L£LOMONGNR ikt @188kd12e0lhEee0h shep (d) or into
the catal yst at any stage of step (e) or subsequent thereto. 30 10. A
process f8fothke clomyer Shioprgtore Wadrgcadsensesotbant Bed8t®EKIi nto | ower
boiling materials, which conprises contacting the feedstock with hydrogen
at elevated tenperature and pressure in the presence of a - 37
hydr ocr ackvVng Bateahystitcompaoss tdlenmesl dnaiciedmi hA2anyhook Hhrtledains 1 to 9.

11. A progess as cl ai med Hg clgL@ 10, which is carried out at a tenperature
in the ranaepﬁ* §7 o 2501 arid a total pressure in the range of from
3 x 106 to 3 x 107 Pa. 12. A mddle distillate selective hydrocracking

cat al yst gonposition whj ch conprises a netal hxdrogenation conponent

sel ect ed fFom 2heCTROUt AT et 412 1085s 8t CA§1Bf Lol YhaeRuR T tR%hgst en

cobal t, niekgtisdsd comdations &f dd ar tBpEe LihREEght SYPPLEL RO ON a
carrier conprising an anor phous binder conponent and from 2 to 80% by

wei ght, bBsEdr opa$he tetahlcamiigit- of the carrier, a zeolite of the
faujasite structure having a unit cell size in the range of from 24.14 to
24.38 A, a bulk silica to alumna ratio (SAR) above about 12, a surface
area of at®l eadthpboetr830imP/qptaslyst composition of any one of

claims 12, 13, 14, 15, 16, 17, and 18, wherein said zeclite
is made by a process which comprises

a) hydrothermally treating a starting zeolite of the
faujasite structure having a silica to alumina molar ratio
in the range of from about 4.5 to about 6.5, and an alkali
content of less than about 1.5% wt; at a temperature in the
range of from 600°C. to 800°C. and at a partial pressure of
steam in the range of from about 0.2 to about 1 atmosphere
for a time effective to produce an intermediate zeolite
having a unit cell size of from 24.30 to 24.45 A;

b) contacting said intermediate zeclite with an
aclidified soclution comprising an acid and an ammonium salt
under conditions effective to produce said zeolite; and

¢} recovering said zeclite.

20. A middle distillate selective hydrocracking catalyst

composition as recited in c¢laim 12, wherein said unit cell
size 0f said zeolite is in the range of from 24.24 to 24.38
A and said bulk silica to alumina ratio is in the range of

from 20 to 100.



measured by the BET nethod and ATSM D 4365-95 with nitrogen adsorption at a
p/ po val ue of 0.03, and a mcropore volune of at |east about 0.28 nl/g. 13.
A conposition as clained in claim12, wherein the zeolite has a unit cel
size in the range of from24.24 to 24.38 A 14. A conposition as clainmed in
claim12, wherein the zeolite has a S4R_in the range of fromabout 20 to
about 100. 15. A conposition as clainmed in claim12, wherein the zeolite
has a surface area of at |east about 890 n2/g. - 38 16. A conposition as

claimed imclai midddlaheraiin the seeekich @chAsafoft £ RDOG ecy0d R great er
than 0.30 m/g. 17. A conposition as clainmed in claim112, which further
conpri sesCHANReTONP T el iE1LES IR €3apBsPPionhaseEn af#Ed Met&l ai m 17, whi ch

further g m&mﬂ&t%g%% qfncflb_a@hlawlg?{gpytaé\@i@yhar&&emcj&e bet a,
basis total carrier. 19. hydr ocracki ng catal yst conposition of any one of

clai ms 12¢com@onents peith @ flizstahydi@genhtienncsmpanerol $ekectied made by a
process i 0 | Ses ydr.ot her_.nal f i a starting zepolite of the
f auj asi té@g(?rpu%éﬁgef%}vic%n%Ssﬁﬁ%%é%%%ﬁ%%ﬁ%n% %rtl’ruléﬁ%en’l nazr}cﬁg range of
from abousedortd tloydaboyen 4. imn anthpanecaltkakilectodt Endmothe essoighan about 1. 5%
wt; at a tenperature in the_ range of from600C. to 800C. and at a partial
pressure oPPSEYEHH i fﬁénFﬁn@€d0F°g?&ﬁrabout 0.2 to about 1 atnosphere for
atime effective to produce an internediate zeolite having a unit cell size

of from24.30 to 24.45 A; b) contacting_said intermedi ate zeolite with an
aci di fi ed?30l Lt i ehsHishiidg ad® scilechndcanYarfbht tivi 3@l ¢atakthdr condi ti ons

effectivecf oduge sai,d Z6dd 48 A89mCh 1T CEQVERL PO-Sifh £ ite. 20. A
m ddl e di%t@??%te sel ective hydﬁbcfackﬁng cat al yst E%ﬂ%os%ﬁﬁ%n as recited
in clai magsonherad i tsnisk lgtitedcdlriom the group consisting of

zeolite beta, ZSM-5 and zeclite Y having a second zeolite

o

unit cell size greater than 24.40 A.

23. A middle distillate selective hydrocracking catalyst
composition as recited in claim 22, wherein said amorphous
binder component is selected from the group consisting of

alumina, silica, silica-alumina, and mixtures thereof.

24. A middle distillate selective hydrocracking catalyst
compesition as recited in claim 23, wherein said zeolite is
present in said compesition in amount up to 90 weight
percent and said second zeolite is present in said
composition in an amount up to 20 weight percent, wherein
sald weight percents are based on the total sum weight of
said amorphous binder component, said high surface area
zeolite and said second zeolite; and wherein said metal
hydrogenation component is present in said composition in
the range of from 2 to 40 parts by weight (calculated as
metal) per 100 parts by weight of the total composition.

25. A middle distillate selective hydrocracking catalyst



size of said zeolite is in the range of from24.24 to 24.38 A and said bulk
silicato alumna ratiois in the range of from20 to 100. - 39 21. A

m ddl e distillate selective hydrocracking catal yst conposition as recited
in claim20, wherein said nmetal hydrogenation conponent includes at | east
two hydrogenati on conponents with q_f%fgj hydr ogenati on conponent sel ected
fromthe group consisting of nolybdenum and tungsten, and a second

hydr ogenati on conponent selected fromthe group consisting of nickel and

cobalt. 22ompoBiddbe &éstédlde seladtingohydheseaskkngacahatyséil
conposition as recited in claim21, further conprisipg: a second zeolite

sel ected fLéf thellr b EﬁﬁﬁﬁsﬂﬁrﬁfQﬁ 24280 itPe?Bef], AZSM 5 and zeolite Y
having a second zeolite wunit cell size greater than 24.40 A 23. A mddle
distillate selective hydrocracking catal yst conposition as recited in claim
22, mhereZﬁ-saﬁdmé@@l@h@u%tilﬁaﬂﬁﬁsaiﬁﬂ&ﬁﬂ@nbyﬁgogéaekﬂed tabalysle group

consi stingoabosLyghng, siiea sildcaAluT g 80d Thxhures: thereol 24 A

m ddl e dis € Selective ydrocrac |ng éata conpositron'as recited
in claim23zewher hntisai daxesoldf efien 2ar.é9en 2d.84&i d.conposition in anount
up to 90 weight percent and said second zeolite is present in said
conposition in an anount up to 20 wei ght percent, wherein said weight

percents are basgdd@le tdest Dt BdtSWBMRIGRE afdrsairdcammgpbaus] pénder
conponent, said high surface area zeolite and said second zeolite; and

wher ei n s&PEPABE &I ON hy®ir BRRHERT o Jrifddhdrr HEepréBeAtifnzeai dt@onpositi on

in the rangeanfalom 240 i R Udy ciholbogatgulated as metal) per 100
parts by weight of the total conposition. A mddle distillate selective

hydrocracking catalyst - 40 conposition as reC|ted in claiml12, wherein

said unitogelly size.ls B0 the rangs of fr 0P 24,30.68.28070cug0 A M ddle

dlstlllate selec rve ydrocr |ng cataly
feedstock into lower boiling materlals, which comprises

contacting the feedstock with hydrogen at elevated
temperature and pressure in the presence of a hydrocracking
catalyst composition which comprises a metal hydrogenation
component selected from the group of metals consisting of
molybdenum, tungsten, cobalt, nickel and combinations of
two or more thereof supported on a carrier comprising an
amorphous binder component and from 2 to 80% by weight,
based on the total weight of the carrier, a zeolite of the
faujasite structure having a unit cell size in the range of
from 24.14 to 24.38 A, a bulk silica to alumina ratioc (SAR)
above about 12, and a surface area of at least about 850
m?/g as measured by the BET method and ATSM D 4365-95 with
nitrogen adsorption at a p/po value of 0.03, and a

micropore volume of at least about 0.28 ml/g.

29. A process as claimed in claim 28, which is carried out
at a temperature in the range of from 250 to 500°C. and a

total pressure in the range of from 3 x 10% to 3 x 107 Pa.



conposition as recited in claim12, wherein said unit cell sizeis in the
range of from24.30 to 24.35 AL 27. A mddle distillate selective

hydr ocracki ng catal yst conposition as recited in claim12, wherein said
zeolite has an alkali content of |ess than about 1% w. 28. A process for
t he conversion of a hydrocarbonaceoqg41erdstock into | ower boiling
materials, which conprises contacting the feedstock wth hydrogen at

el evated tenperature and pressure in the presence of a hydrocracking

catal yst GONPOAi Eb@po ¥ht Chin COMRS 1 S raetfalrsmydb@genat b@ntnheonponent
selected fromthe group of netals consisting of ybdenu tungst en,
cobal t, nf@KépsShhe SHRBFHATE VI & id tt ﬁﬁPélﬁﬁePééF §9§Eo?%éﬂ on a

carrier cQEPth8i PEngd oAMPEHROMS. 1Y nder cappanent pand £rem-g t9 80% by
wei ght, based on the total weight of the carrier, a zeolite of the

fau1aS|teaépmm&@um@lﬁévrﬁﬁl%.%ﬁuﬁthﬁanqﬁ p.2: Y ﬁﬁomhéoréﬁgéoéf afidodn 24.14 to

24.38 A, S a, I i2,(SAR) above about 12, and a surface
area of a?upgéé? %%%%t §5%€ %%%%@égﬂ%eas red by the BET met hod and ATSM D

4365-95 with nitrogen adsorption at a p/po value of 0.03, and a mcropore
vol une of ast _about. 0. 28 .. 29.. A prace as clainmed in claim28,

Whi oh i v ri BacBTRSSht ik (Rt LA i TREM aRge BF ERPBM 250 o 5006 and
a total peggsusengn &heewngeyd)ﬁogdml%nx ctpohend xel@étka. froMl 30. A
conposition conprising: a first zeolite of the faujasite structure having a

first zeoltPeIHAVP E%P¥l§?%%9 ¢h RikelanGob b r BLzRI2RUN 24.38 A; a bulk

silica tOtuﬁbgnga.?@@g{nﬁéﬂéﬁhlﬁhjfgaﬁﬁmge of from20 to 100; and a
surface area of at 1east 850 nR/g. 31. A conposition as recited in claim 30,

further conprising: a netal hydrogenati on conponent selected from the

group conspst i RacgheBlokely £00AlL, cdiplybASIUM 51t UBgRLED, Pl atinum and

pal | adi um osItron as reci in~claim31 conprising:. a
second zeobmpelsehectadsé¢©mmti&pxﬁtnuselected from the group

consisting of zeolite beta, ZSM-5 and zeolite Y having a

second zeolite unit cell size greater than 24.40 A.

33. A composition as recited in claim 32, further
comprising: an amorphous binder component selected from the
group consisting of alumina, silica, silica-alumina, and

mixtures thereof.

34. A composition as recited in c¢laim 33, wherein said
first zeolite is present in said composition in amount up
to 90 weight percent and said second zeolite is present in
said composition in an amount up to 20 weight percent,
wherein said weight percents are based on the total sum
weight of said amorphous binder component, said first
zeolite and said second zeolite; and wherein said metal
hydrogenation component is present in said composition in
the range of from 2 to 40 parts by weight (calculated as
metal) per 100 parts by weight of the total composition.



consisting of zeolite beta, ZSM5 and zeolite Y having a second zeolite
unit cell size greater than 24.40 A 33. A conposition as recited in claim
32, further conprising: an anorphous binder conponent selected fromthe
group consisting of alumna, silica, silica-alumna, and m xtures thereof.
34. A conposition as recited in cIaLnu%@L wherein said first zeolite is
present in said conposition in amount up to 90 wei ght percent and said
second zeolite is present in said conmposition in an amount up to 20 wei ght

percent, 3whergi Bofgbsi Webghds parciads ar @ 1hasedopnwhbectat ghigum wei ght of
sai d anor phous bi nder conponent, said first zeolite and said second
zeolite; §h65ﬁhé?@%ht%a?%ﬁ?mﬁ%ﬂl Hyh dgerddt itbf €8Rrpeneht frempfeseht in said
conpositien bl 3ghe range of from2 to 40 parts by weight (calculated as
netal) per 100 parts by weight of the total conposition. - 42 35. A
conposition as recited in claim30, wherein said first zeolite unit cel

size 15 1acthear ange of  [1omM 2424 4P 24365390 AfOIBRRT Ly as reci ted

inclaim sal fir Zeollte unit cé SiZze'is Th the range of
from24. 3@irs0 2doBbte 3TnitA calpasidd dry d% reei radgenof| &rom3D4 . erein sai d
first zeolite h a mcropore volume of greater than about 0.28 n2/g and
sai d firsFozgérsge unit cell size is in the range of from24.30 to 24. 35,
said bulk silica to alumina nolar ratiois in the range of from20 to 50,
and said surface area is at |east 910 nB/ 38. Amddle distillate

sel ecti ve3fhydr BcFARRPRYE PROCES L eCiddith ﬂ#%la&lmeSWiHhﬁﬁeé“fééﬂgtock

conpri si n91?¥9r9&§e99é‘5ha§05 'mlrlgrdﬁbzteh%orl%ﬂl%e o¢f gﬁ:%g%z??’gﬁ:anté’b@@t?c

contacting said feedstock in the presence of rogen at an el evated
t enper at uPe28n’ /4n agide\asatisld fprré§s@ﬁ@lm/tehualm @I@Ilb fdl%Q i13 gire el ecti ve

hydrocrackingecgtalyst spmpSId AN 5 A3 869, 11304008 Qluflalm 120 13

molar ratio is in the range of from 20 to 50, and said

surface area is at least 910 m’/g.

38. A middle distillate selective hydrocracking process,
comprising: providing a feedstock comprising hydrocarbons
boiling in the range of from 330°C. to 650°C.; contacting
said feedstock in the presence of hydrogen at an elevated
temperature and an elevated pressure with a middle
distillate selective hydrocracking catalyst composition as
defined in any one of c¢laims 12, 13, 14, 15, 16, 17, 18, 20,
21, 22, 23, 24, 25, 26, and 27; and yielding a middle
distillate product comprising middle distillate
hydrocarbons boiling in the range of from 150°C. to 370°C.,
wherein said elevated temperature is in the range of from
250°C. to 500°C.; said elevated pressure is in the range of
from 3 x 10° to 3 x 10’ Pa; and said hydrogen is present in
an amount such that the hydrogen partial pressure is in the
range of from 4 x 10° to 2.5 x 10’ Pa; and the space velocity
is in the range of from 0.1 to 10 kg of said feedstock per

liter of said middle distillate selective hydrocracking



21, 22, 23, 24, 25, 26, and 27; and yielding a mddle distillate product
conprising mddle distillate hydrocarbons boiling in the range of from 150C

to 370C., wherein said elevated tenperature is in the range of from 250C.
to 500C.; said elevated pressure is in the range of from3 x 106 to 3 x 107
Pa; and said hydrogen is present in_ anount such that the hydrogen

partial pressure is in the range of from4 x 106 to 2.5 x 107 Pa; and the
space velocity is in the range of fromO0.1 to 10 kg of said feedstock per
liter of satdipbddtemgbsitidmtpesalantikg Rydrocr agking - 43 catal yst
conposition per hour (kg x 1-1 x hr-1) 39. A conposition as recited in any
one of clainms 30, 35, and 36, wherein said surface area is at |east 875

n2/g. 4039A Cﬂ”@&ﬁ%&é?@léﬁ decided dd i¢] anP 30e 8%, 39:@BA38P, 35nherein
said first zeolite has a first zeolite mcropore volune greater t han about

0.28 nB/ gand136A ¢oepobh t $dkd axiriege e can is| atmleest387536° And 39, wherein
said bulk silica to alumna nolar ratio is in the range of from20 to 50.
42. A conposition as recited in claim30, 35, 36 and 39, wherein said first
zeolite i 40nmada btymlaopi‘ot@ssa:t haetcium:l*rrjni s:&sximaﬁOhydBot Bér anattl §o9treating a

startlngzollte Of‘%ﬁ au%a eﬁﬁ[ﬁjct%re havmgg ca to alum na
mol ar rat 'B°TPA"t ARt ahte®br2%e 366 4680t 8. glcﬁﬂﬁoﬁﬁ al kal i
content ofohass @h@@t@bomarl 6w ;0 a8 a’ygoperature in the range of from

600C. to 800C. and at a partial pressure of steamin the range of from
about 0.2 to about 1 atnosphere for a tine effective to produce an

intermedi gje zZgobbhSosNaVdMNtad MYt Leliln $12€m0R0f r@ﬁ‘ 24630nk0324. 45 A, D)
contacting said internediate zeolite with an aci di fi ed sol ution conpri sing

an aci d ahbeaaianddhd dpmblal 3iligridio adndiitiaone letf setiivelsoiprbiice said
first zeolrial;lg('e oRNE. &) secovering said first zeolite.

42, A composition as recited in c¢laim 30, 35, 3¢ and 39,
wherein said first zeolite is made by a process that
comprises:

a) hydrothermally treating a starting zeolite of the
faujasite structure having a silica to alumina molar ratio
in the range of from about 4.5 to about 6.5, and an alkali
content of less than about 1.5% wt; at a temperature in the
range of from 600°C. to 800°C. and at a partial pressure of
steam in the range of from about 0.2 to about 1 atmosphere
for a time effective to produce an intermediate zeolite
having a unit cell size of from 24.30 to 24.45 A;

b) contacting said intermediate zeolite with an
acidified solution comprising an acid and an ammonium salt
under conditions effective to produce said first zeolite;
and

¢} recovering said first zeolite.





