10

15

20

25

WD 2004/ 047988 PCT/ EP2003/ 050897 - 1 HYDROCRACKI NG
CATALYST BACKGROUND OF THE | NVENTI ON The present

WO pooafntioss rel ates to catal yst conpositions apdr/ER®03/050897

use in hydrocracki ng. Hydroconversion processes are
inmportant in the 5 nmodern world in providing inportant
basic fuels for everyday life. As it becones of an

i ncreasi ng necessity to.utilize heavier crude oi
feedstocks, the oil refining industry has turned to
hydr ocr acki ng processes tojprovide the lighter basic
fuel s which nodern society demands. 10 Wil e anor phous
hydr ocracki ng catal ysts are used, nodern

hydr ocr acki ng cat@DROCBAGHINGOLRAEALMSASed on zeolitic
materials. Faujasite materials are one of the main
zeolitic materials proposed for hydrocracking use.
EaBAGKGRPUMD rgs THE SINSIEYR@EN t hat nodi fi cati on of the
basi ¢ @H&%f@ée%tdm&t?@ﬁ dd1abSs Ar3 LB (47 to produce

a Iomerln? he unit cel| size, gave 1nproved

sef TSV 9§ €”fih5h%sPF%d1’}nhéf€F%cra§|két’9i | ate, or

m d- baHyetocpvedstdrs préoeacisi ave idpd%tantcmwﬂﬂhaation

ofméée%nw@iocllma;kmdqﬂg ﬂ%% LI OYIAN £ FD LU Y

aci d-deal um nation, tec ues een prop osed for

exAURAYERY nL - ARD | 1t Pesgnes pb. AD 9@%&951@-%1:2&?116/79

ag@b ERiAi 42 heb2er HowRMES1 T ff@gtiﬁﬂ%cﬁﬁsedhéehq(l}iéi’éﬁﬂlgl S

obt a reduced activity, |lea
n%usf’%g ?;éarg Eca aiggsct ‘P%%r?crfae e PIER s%e%/et&uere%“

chlﬁ aiphbhex ;b%hénflteﬁé dRESUMOABED GIPCABEY oieimands .

seWrﬁqté Mﬁbﬁpﬁcﬁi@ow@r@rﬁakmglraabmys@ S0 P dd, ahbdern
structure. This in

Q) e fau |te cryst II|ne
tur gﬁa %ﬂﬁ: %ﬁ Avaff kﬁégegur?sﬁgeona?%9 G af fect
zemdteraagff ecti veness. WO 2004/ 047988
PCT/ EP%@Q%@iscgsazte@mlzhylse totae BRtE/e aks, decurented in
EP- A- 421, 422 mhlgﬁ g\é g h surface area
med PSS (R TS t%c’r A ’focrﬁ‘ﬁ& i"SCpr bpert et Have
On$®OW£dhth@sﬁOQQQECHKﬂQQ sUrtfhe&cbasar eatobtal neldsof ibEsR2
”Q{rg,usaﬁd3,hf\:¥(ﬁ, 08790 %&Bué@%s 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,
usually acid-dealumination, techniques has been proposed,
for example in GB-A-2,114,594; EP-A-98,040; EP-A-247,679;
and EP-A-421,422.

However the increased selectivity is obtained at the
cost of a reduced activity, leading to a shorter catalyst
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.
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5 retained crystallinity. In nost of the deal um nation
treatnents recorded in literature, the treatnent

wo@bdoan4meet only results in reduction of unit ePelt/EPB0ZES0897

but also a reduction in active surface area. 10
SUMVARY OF THE I NVENTION It has been found that by
careful selection of the starting materials, in
particul ar by use of low alkali containing faujasite
zeolites, and a carefully selected conbination of
noderate steam cal ci nation conditions plus 15 noderate
acid or acid-amoni um deal um nation conditions, it is
possible to obtain faujasite zeolites of |ow unit

cel | Tsig ehehhglersun § ateuaeetedrnic apwwhelr apgevifch

a%' | lcg%e QR éﬂ?f@% bl ar m'év\%]:!P%s 1L, LRt a'% 49 a

hi gh crystal inity are artlcu
St!fseéﬁﬁ’rc |H¥°28r‘fﬁﬁfr)oé?‘é% mnﬁg Wﬂéﬁleﬁérlfﬁ%d?ﬁes gert
aifeaaohyajlrr@eraﬂknsmgm /@at ahystavesai gb gabal ysdss have been

re%ungeé r@ggpi ;the selectivity of the known |ow
cel1™7Srze Taufasites with the activity normally

onI yllaswa af edranidehl wriraltyen st r2stuents zeagrdddgher
Uit at@td, %‘hgetxre&ttﬁéliual&ftexhleotproasgnfesmwgnm on

rov des drocr ckin st _c Qsi tion, which

SHEF LS a z ol tlz of E'tglji’é‘g g‘rﬁygsf? n&‘?ﬂci’%re havi ng
aa:tswblttarﬂa@eaehm na nolar ratio (bulk) of greater
than 12; a unit cell size in the 30 range of from

SEMMBRY | QF SHEABNVENTION 5 syurface area of at |east 850
e/ glbéq agrll’lr ungyt}g&e bBET yéeftullo ?ecdc ASTI\@ I:%he
RN or bt

4365 rogen ads jon at po Val u€ of
.a03 ing\»aXEO4# D%7 98 8P PCH/CEPRD 03/ @5@8‘9’? 10W 8lkali
&ebenahd yfawg@ittiéerzewutmsa bhcmdfrcaa@ﬁkmry deBd@da

%ﬁ% ggIgglo%n é@%%nestea ? a % n c J}mat ld%
i 'Zrhyg & conbinati on o eraeseamca dinati on
MQQ§3ﬁh%rﬁC¥§ndfaKﬂM§ smmﬁnmwmnﬁﬁ%&um}mat%%Quq¢eﬁ@§1@ﬁs,ls

Possi Pbesieptep8inf pdljjasite-1ametgedd ues whitch
h est hesgl,vgr%/ %%SC rg]pe e Rroper el es. |en JLhe he. {or m of
“h‘?%éh st facé’a FoW Thidf™ Teli®%si3e9%afa 8" uset ul
i erlopore npdbammtiand wikilclh retaiming a very high
crystallinity, which are particularly useful in
hydrocracking.

When forming the support of a hydrocracking
catalyst, said catalysts have been found to combine the
selectivity of the known low unit cell size faujasites
with the activity normally only associated with catalysts
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
ratio (bulk) of greater than 12; a unit cell size in the

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 adsorption at a p/po value of 0.03;
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a high crystallinity. Care has to be taken in the 10
conbi nation of treatnment conditions utilized on the

woom4/o0bmsgl t o avoi d severe conditions, in ordepCT/BP2003/050897

avoid destruction of the zeolite crystalline
structure, but on the other not to utilize too
noderate a set of conditions which, whilst 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
hydr ocr acki ng catal yst ~ %dhposition whi ch conprises an
pEguonal netal hydrocracki ng conponent supported on a

TTIAEY bt H REB| B0 ab§ IS5 6844 whieRekonpri ses:  a)
hpdowethangoa stmaphéntg zeolite of the faujasite

SUT UG Yeg ha] Rduf ShbkCay LR 8L UM Lahl 8. QhoLrom b)

to 6.5 and an al kali 1evel ess 1BV
mﬁ?/?j‘?%*tehéltﬁﬁ‘l‘Icf‘lt:?"é%lttﬁoﬁgté%ﬁtd‘eélt:a?ftq R§ideolite at a 25
desnpeinat ise ddeathent,angei ofpdscap &G0 beedd C and at
I.a of . st heraneofmeZ
B P el 2 e T o, R0 el
Propertiiedi dt eheebbit ethhdvhguafane taxsel | lei 2@ idf f rom
céth l&zteoagél a45nséfu30na&:f);ro§§fg Foblhg, the bm&f vedpat e q
ze0|te i fied solutjon conprising an aci
PP S |YW#1 {Hﬁ}utﬁh éﬁ%h?ﬁrﬁo %Fttfffﬂﬁ‘eﬁ DeWHdi ti ons
cemlﬁmm@e ¢ tgroderde canfiiglensunt alceedr ea theobhte

naaalwa@oyalgeveqel&orfdl%gow tiherange of §1pm 24. 10 to
2004/ 047988 PCT/ EP2003/ 050897 4 nol ar

d%FF’f‘t%FlPB ot enac P Ht o oY S Griddbers THER IR MG °%
tgarddce areatofutgieat epothader@50 aeg, of herreldyions

wREQUGHRg T %Jabgbnitg fa staemﬂeZ%llJtQ mq ddbe

recovering said gh surface area zeolife.
P6Bi“f‘&ﬁ1&l“?yd?%lﬂa&}\% W hefBE BoEh Uf .th%)z‘?ﬁl% f§ said
ofewnsé tim whé hh@skhnhderveandéor a second cracking

conpﬂ{eenkve@estornugiw A1d; &4 %gaw&ac@{nqg {dtaryst

i ncor parating | east one rogenati on conponent
CPRPS 4 ‘Zké’cﬂhi F@‘“B‘flssetseﬁ“ ‘H)HBPa}r MtsFathe catal yst 10

hatir &dwa ckti agecdipostep uppobteds Whsequeiti tkhafetitable

by a process which 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 zeolite at a
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;

c) contacting the intermediate zeolite with an
acidified solution comprising an acid and optionally
an 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
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Det ai |l ed Description of the Invention The zeolites
utilised as the catal yst support are |low unit cell

w@rma/imeg asite zeolites, preferably Y zeolitBST/EP2003/050897

having a unit cell size in the range of from 15 24. 10
to 24.40 A. Such low unit cell size zeolites are

known in the art to provide a useful mddle distillate
selectivity but conventionally give | ess active

catal ysts than higher unit cell size materials.
Activity is determned by the tenperature required to
effect a 20 specified conversion of feedstock. Were a
nore active catalyst is utilised, a | ower tenperature
i s neeidedstbicachi avenian eqtt.ﬁicvatfe@feammveﬁ&d ar. ah&

cat al ytlrf grocesse? it is orn% that over time the

r eact i O RERpE=AL BF e85 %T t ' We S PR CH &S e BN 5P der to
mai nprEdducandesiear édglc oowrérse areaszéelidle;besause of
dieac;éaeaytewﬂg @calhhﬁlﬁatsﬁlrf@ée a@egug&lﬁgke deposi tion

cat al enable a |ower reaction
‘ipé'r’rﬁg? ]t}ﬁlfé’l)r(%weogggéfs%e 5r PPHE %dne  desired
donvaeisinm spid carnietei vl tdhy aveindegt endbédn wesecSidice

cat abysdk idgasbhpient) HEGUASHGRIA G4 EilihgaSamd
%fggggg&p&geﬁggt y %ga%e;ﬁoglgfg arBefat Aty Sho N SN

t enpePER LﬁaédvvF?‘I’l%leSBf H&ve () 1¥ndBEC ey irakatyste.

Al t ernanweltygarri steepate pn adiseguéyt whigh-dtenabl e a
reduced amount of the expensive zeolite support to be
NoE PSR EIST PEDRIRIPEEREPE 5 utilised for no
chang]ae izecdeses etk idadRy@ras 0he notatangauppont r&act i on

candht i ons i 05 & cf%nyqsgpeealzeeh?eus, gbsf&gtbagwts of the

present invention provide such Ivity advantages. 5
Zﬂﬂlétaﬂvdm"é@% hd@ ihethl ¥ SdAY ]frbl'thﬁ Y PAnfEP™f  the
dowouns t2acell Asi zmchedbu taiY. cdiistieonmkaniiest | yrd or

»P# %agr@tt%h%n a20 & %(}@Fégl AL AR G alihe d”é' %ﬂ?e' :n S| Ze

auj asite Ite sup ort 'S Sul
yfgEiBity Wén?%wefﬁlolb%léfyeeam %efslsoﬁvwezaatﬁhrsés
tHef aigidy tniomdiQ 24:38Mhatk@id¥s 38acpiefgrably to

A&termine eci.gl | eITFp%rgélur?éS éuerodogo J,:S%JHS have been
obtal he ere the“uni F PSSy Tha range of

nggﬁﬁgqg]gpqy@rgngggfp@eedstock 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 temperature has
to be increased in order to maintain a desired conversion
level because of deactivation of the catalyst through
coke deposition 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 quickly 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 zecolite support to be



10

15

20

25

30

The bulk silica to alumna nolar ratio (herein also
ternmed "SAR') of the zeolite support is greater than

wd 2004/04B88Jsef ul catal ysts have a SAR in the raPQBREP{003/050897

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 |ow unit
cell size zeolites, and is at |east 850 20 n2/g.
Preferably the surface area is at |east 875, nost
preferably at |east 890, and especially at |east 910
nm2/ g. The surface area of5a zeolite is an indication
of the available or active surface area in the pores
ofiltiked frat epi ahargyed ial depiokdtdnverystmlddmenmagdir e of
e <28 28p! Iokaltﬁrn%f %a&)'aemh@fcﬁqogggﬁt utilised in the

|nvent| on ha a mcropore vol une greater than 0.28
ne/ g, hﬁo%‘?ttalpi%? tably RFSEaDErinieanien 3 aveag. s | ow
mmltelddva&mzeeieol ites, this is also a high val ue

and irghgoad'vg %%évmh\é% Bée AL9h Agol {\tﬁl:dcr%st?al linity,

un1nat|on Crys
"sfter L}é’t"u‘i”éltof:eﬂ-heSlzfeéPP%Jélel g rémtné@nvwna@tcly for
ﬁ&@ﬁrcaticyn ohhe d%nﬁtfeQEQéE s\AglapOA»leOM%&:ell size of

08 vol.une i nthe range of from

o 5%957%0? %FO? Y Suf’%?rt lorseul\/o Get™ e@ﬁe’ég'é??f from
B5o®m £6- 37‘0%Pr¢ﬁ%razké0’l frem 8214364 preesfrer abé fededd yahrad kal |

i’zeml @5 24.88% ﬁmrgb?-y%wt 24 nPfSt e%@é%l@@" ¥o!l £85st han

Good resuki’%\sed on tlge ??’ 0 § he zeol i te desi rably

as °389 1 B LAR | “é% §Fb1:}ée WEE e tert ai n

ofzet he iy ddlei F@ISGEITW ﬁave 2ﬁ91é|ﬂ'€a|zl4 Barfai ning in their

str qurmk RY1 CeH 18Nk 1 @RiddaYhb CA rE€98n$l{b;%%§ntﬁs% :
e i nvention

cann rtain zeolites o
FRaR: oo AehErhTE ana T 0 HeBpate dis Eoafian thebud . e
@selﬁuda%@laflsmm Ivverel SRR riat ibe ozfartglaeof afjaas 29 eto

ZRP! | beeAfrabie Ly enki QQ S chbe- Lk pre Qyenal i, ratio.
This can be determ ned by any one "of a nunber o

Themrehl PredRarYLY £ efhni ques. Such techni ques i ncl ude
X-raghéSsfdfacresencef abomeol adsaupbbon,isandgh GRr

Lindyehi v ¢ e@yplsqdzepk@ém)es,%d wigl L pravi des

subst antially the sane
m /g Preferably the surface area is at least 875, most

preferably at least 890, and especially at least 910

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 also of the crystalline nature of the
zeolite.

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

preferably greater than 0.30 m2/g. For low unit cell
size zeolites, this is also a high value and is

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

zeolite is retained intact. Generally, the micropore
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W@ emunEoys of

bul k ratio value. The unit cell size for a faujasite
zeolite is a common property and i s assessable to an

nost conmon neasurenent technique is by X-ray
diffraction (XRD) follow ng the nmethod of ASTM
D3942-80. Surface area is determ ned in accordance
with the well known BET (Brunauer-Emmett-Tell er)
nitrogen 25 adsorption technique, often sinply terned
the BET nethod. Herein also the general procedure and
gui dance of ASTM D4365-96-4s followed in the
application of the BET nethod to zeolite Y materials.
JolemsUnes aircansi syt ost At 663 4he 798Pt a0t beal

gsgé%qqmews&%@m@) 'fréﬁ%ﬂoe% updergo a 30

pr et reat ment r et reatment i nvol ves
heat iThg Z??ﬁ%@?aﬁb?%aPqeéﬁr%ﬁ&ﬁnﬁﬁé amp ag kedhpervatlupe of
409s tthah002 owfthm@stt ipreesefiyChesd thanehimsnate free

3t h t {
KBRS oo Ene S TEEs wodton 7o Ha os O e §r hae (Beph
det@#kﬂlnat$vﬂi aareosdiddeusethifle Wrt200446 9044288
EQJiﬁPe%OQ% 0RQ89%, Jlkacigt ﬁérml@.@n& hﬁ ttﬂtes'all« u%tMPéu”E

? m cropore vol u he zeolites of t pr esent
Hvehticah. a?%%yéﬁﬁalrﬁ%§P8b%H%§ tHbf IOt s b%s%%ﬁeﬁéed
Caditziat ecdhicegpop€ e UneentipOtBsrdtiengay Hhivaneb er of

bgg@c&ﬁgg g&mﬂgjggngg The 5 assessnent of m cropore
volune is fartlcu arly derived fromthe BET

nmeasurEnéht it EAnt i apPotar eghivfth 6Re fstiisdteal | ed
tzhel tteploot t metihodn{ o S.ITEHiEl rmSkJ aiStoveeb B trattibe

t hod e ur.nal. of
CLTEIE L SRR af ] PP g 2
ARasytient Rt Hdedet qﬁhnawmqusﬁ ocEdufest ard wel |

kmomdeacéhmmkl idis&fi‘pltmoﬂih%nar tcp (Ehaupresent hi _gh
% ?OZ ?gs?rﬁﬂa Z.eo%\i w1l fPE(?‘ﬁ c{e g@%éatﬁ‘%/léﬁ uctthliler same I

e ar greate re SU|Tany
ﬁpébaﬁﬁﬂﬂbyakPQ3rocess whi ch 15 conprises: a) providing

a st ardd ngnze:@lilt eind ftoh}eafiaadjaghw zeph L HEL W @ having
a sili ica to al un1na rati o f fron1 5 to 6. 5 and an

SPRIT HEebeTYor ekt THARST 1§%,\,{> In dRub 0

+ 0.01 A by standard technlques The mest common
measurement technique is by X-ray diffraction (XRD)
following the method of ASTM D3942-80.

Surface area is determined in accordance with the
well known BET (Brunauer-Emmett-Teller) nitrogen
adsorption technique, often simply termed the BET method.
Herein also the general procedure and guidance of ASTM
D4365-95 is followed in the application of the BET method
to zeolite Y materials. To ensure a consistent state of
the sample to be measured, suitably all samples undergo a

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

20 + 0.01 A by standard techni qUBST/Ef1v63/050897
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b) hydrothermally treating said starting zeolite at a
20 tenperature in the range of from 600 to 850C and at

w@2@antioss pressure of steamin the range of fPOIER2083/050897

to 1 atnosphere for a tine effective to produce a
internedi ate 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 internediate zeolite with
an acidified solution conprising an acid and
optionally an ammoni unt gatt under conditions
effective to 30 produce a high surface area zeolite
deeirngnea wel totglelplrgiv@ ume e miangeomd vbrome 2brl0 to
na reater
e R Bu8ar %ﬁ%sggﬁ%#gépzo5é‘iaéd§os LoRgte]
aC elsaruéﬁdo*fo df‘é‘éi:%tre tHRENPBED VREFEE HhepEdy
avady ca ndji dmeeehicgh 1858 faee area @eohjt e;rhand d)
LREQUREL NG REC F%Qesvsm%e Qrpeaartzlggig%% alfe, dpw

[T netal mat er repar €d by
%r@ehﬁPaLPe%T \Wé??u%‘i‘@% thtnﬁeU%ﬁtby porevedaaplen by
nfeft-hictie € &l 1 a4e t RETE-IL U BN theiholX ¢hrangaeofmdy ghet @l @k

tal LN Lite til.the desired al kal,
%% % mgﬂgvag %s&ac |8eve l{guc%ltaesrafcgr%esioflfﬁ% °|41
(19$J3A¥&,1€)835,3@691,9Q51r )vi a the pot assi um i on exchange 10

t echmi guer QihéCékﬂﬁz%de&Wsd;ﬁnén5 a’-lr;’zﬁd%e?nﬁmdtlon

| nt er nat i %Q%I ell ent §pe f)lsé:atk q? 95/ 03248.
PITS AT T TG YTeolTPES Fosrosti T S it cell
si zeThe Hqﬁéeﬁ‘arfgl@h 8fr faqsma2ea 8@0t1@t@54 07f8the An

1B3QLE 80 tsaspecte,Ofi .t hes ShakLid G re@0bf tESak 8y tdtan 15
I ow QI kali level. The termalkali and alkali nmetal are

Rer el4¢ Fﬁ%@béﬁaﬁﬁ*@%?m%@ bBot IPrEEeTE WRiEhgeneral |y
cuﬁ@ihts@si ndi cate al kali metal oxide, for exanple
odi um_.oxi de_ and/or_pota s' xide The amount i s
Hasi Py Fgr Hhined by o? léxafo £he SRS TEE qui ck
chen?*é:@%ct@@ed?ﬁaflly@ a3 tiddkni Qcmealum@m w=iipabf yrebout 1

ot ors [ess. saelnlealah oxiade Levdr egenésd rnbhel sgaaiti ng
bz)eol !ﬁt&ot't h gen f.ound t hat ttge zeol i tes for use

erma reatlng Sald starting zeo ite at

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 zeclite having a unit cell size of from
24.30, preferably from 24.35, especially from 24.38,
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 optiocnally
an 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

molar silica to alumina ratio of greater than 12 and
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present invention that have the highest surface area
and desirable m cropore volune can consistently be

w@eaniodoss 25 when both an acid and an anmmoni unPGEEP2083/€50897

utilized in step c). However very useful materials
can be prepared when just an acid, suitably a strong
acid, is used in the dealumnation step c). The
condi tions which are useful to produce the high 30
surface zeolitic materials will of course vary
depending on the type_p% acid and optional ammoni um
salt used, and on the conditions such as tenperature
and time under which the dealum nation step is

per forfedaceaierarf yreRES NG 20085 04T9]8 thereby

PCT/ {23309 HHEO Rigld) surEaperaatedr eesiidtel;i ARy condi ti ons

r a%%}%vgggg%rgh%agl an _.step. %)reand t h% concentration

pt onal" “aRmoni um-sof TGRS used, all
work together to achieve the results wanted, for
exanpP® i% fhEAtieABET hiSiREtIRS Metestak MaYshRt abl y hi gh
drepeked tthenecmsufdes chent kabwmiim whei ons fokl dxda@le

Jggqgv%fa@éwe ﬁoﬁgu&) tnoeﬁgltﬂn% o%hﬁlgg%swfple

olites e carrle out enperature
Meat h@on%ﬁgég o?eoflll*é‘?n Wil ehite depperdtadielifrtadxanpl e
o6l to ac'h(ieilzg@csu%eéﬁrlabhysm&heyxat ed tenperature

e suj.t a raneof from40to
dg?) § (% I’a%or atao%ey r?\t/??%hun“%sﬁtogo?’f € "PhRe | over

tteéﬁﬁé%ﬁ LPrlé§leF1ed tthi $SPadgé3arB uged; Itteweverored a
mzﬂergpahfseatﬁm be wd r9eawz&m teH@eJ@truﬁﬁgS may
tlegebe |srt1: tSQetarbqnge of from 15 l?‘ 8OCt The

aﬁlze 85 Bt FAGes

Z(fea GRT nation time’ ey bé |nltihcee
Hodrsmt & K0 houds,78ahd is nost conveniently from1l to

5 houﬁslmgxawﬁalalsxset:heoﬂwltgaegtatﬁqngommteat1sortheof

aci d t| na u the shorter the
Jtorweﬁllﬁﬁﬁ% i Kﬁﬁmﬁo 8\%@@? a”tdhéfl%?]rfeg‘géf‘]e Tén vary
2@:df hemirabmtat@rq!gs@}ahe (wher etaacmbaax:eh deneatent i s

dhsiak ) 1&&&93@1&'@%&%@' @x{éﬂ@erf%rcé’{‘érrlp'ﬂéoyédlum
t reat nen normag |nthelatter t he deal um nati on

TiHE ﬁﬁ?f}?fal%?ta%selblé‘n - onTRhrBRgRF | biwEF At erial in
detrertiead ant fovessesble,2%XRThe < andekt ¢tadnioal of aci d

éHﬁl%Eerkééﬁﬁqqﬁé.'TQEst suitably about 1 %$wt or less
alkali oxide 1is 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 micropore volume can consistently be provided
when both an acid and an ammonium salt are utilized in
step ¢). 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
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
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critical. Useful materials nay be prepared for exanple
when usi ng hydrochloric acid in a concentration of as

wo pdotheross 0.7 mlliequivalents Ht per g of zepdT/ER2005050897

as nmuch as 40. The nost useful materials have been
prepared 30 using an acid dosage in the range of from
5to 20, preferably from9 to 20, mlliequival ents H+
per g of zeolite. WD 2004/047988 PCT/ EP2003/ 050897 -
10 Equally the concentration of ammonium salt, when
used, is not critical. Useful materials may be
prepared for exanpl e ustrig-a dosage of from about 4
to about 40 mlliequival ents NH4+ per g of zeolite.
Theaprostuns ehdl t Gnamebedi @logshawe theedeprepasetbmhen
USlc0c] AM ARAULorth? 8RO 20e 1 LhioGd dealents NHA+

per g of zeolit ossi bl e to per ormelther a
sﬁwpéu’gt%ﬁ%ﬂoﬁs ‘hﬁ?ldtla AT M agP ARt tORChhe Yt d8f to
preaseryevdted, Ciystexbahpd iy efie thepzestides ikr €at ed but
o 3 BMILE 1  RNERS, NREEEPAMKA ! Dy T fhR01
podsi bPermeaftedallt rdget ﬁ’éﬁt Wi th aCQOem%I theggsvediat s H+
pgolgtgg_zeolite can be performsd in two steps usi ng
10 m %gl e | valents in. e conveni ently each

step rlmga BuCaGEH A Ouﬁeagaﬁ'récei'ge’aaeﬁuéﬁnf’ﬁa‘}ﬂe

nedrefel af Sfra:md atbdert thRpaaRRre paftdd @Bamﬁmdm(} ORS.

Aci (;is that may be used in st:ﬂpp(fg) are inorganic acids
ot %o garist caeP Y% 21f &1 WEAfpt TRECEEPES FoMAfe: gost

Oéﬂiﬂtlaﬁlﬁcird&hepkﬁig%f fonf%d 4§ 86 e30e00r gankge Or M ner al
20 aci ds havin bel ow O - often ternmed " strong

aJc"?bd’§at°F¥1 Wégﬁ?‘i?£ NENBAEFT PP hY Ex AfPP & F ©F ndt gani ¢
agiigs ratpatarcansbd eedven ohhe proeessabfsdale, the

| VERERP @Jn%er@%g{é%c RBW&&eﬁ%Qurﬁ%é' farfifel drapdy,
sulphurlc acid Preferably a nonoval ent acid such as

h§/d rtec BP Gi-i cThei dpa2Bmimat iapt Fike gebdbe siruskel. ravsef ul | y

the aehdoi s Hésed 4 10t h@ussor qh@flmoagugmnggwiy on.
Cener al I g{?ﬁlamm um sal conveni ent | be ‘“used,

SEAR b5 R epras VAR bHan A Eas SHATGAF LR o7
ch @rdideancanmtam@hlannmsmnphatle ufrdef ehabihprthe the

ag?@%%%%ﬂ% time. Again, however, the timescale can vary
from laboratory scale (where a batch treatment is usual)
to commercial scale (where continuous treatment is
normal); in the latter the dealumination time may vary
dependent on throughflow of material in the treatment
vessel.

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 milliequivalents H' per g of zeolite to as
much as 40. The most useful materials have been prepared
using an acid dosage in the range of from 5 to 20,
preferably from 9 to 20, milliequivalents H® per g of

zeolite.
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30 salt used is selected from ammoni um chl ori de and
ammonium nitrate. As a result of the deal um nati on

woeeatnmeg the unit cell size decreases and tPeT/EP2008/650897

to alumna nolar ratio increases fromthat of the
intermedi ate zeolite. WO 2004/ 047988 PCT/ EP2003/ 050897
- 11 Step b) is a steamcal cination step. Such
treatments are comon in the art and may
alternatively be called hydrothermal treatnents. Both
ternms are used in this text. Both cover heating in
the presence of steam -Theé 5 steam nay solely derive
fromthe zeolite itself (so called self-steam ng) but
in t Reuprlaséht sereppnbyatiext ef nainopiswppdlitedwséream i s

PeLf erkegd Qr?@f'éla[le U§9f\§1' sk eocy 1f m&{:‘eoer %@8 éPerh
conditions for the entire duration of ci nation

£ XA HSPAP e ASGPPE f bFom 1‘"{5"’&‘§e4|‘i‘f’ tal?éubr‘t%ent
niMertihDrg leint si BHOSe U bDrzebhetst e mesd Giseation to
u re..d d €y of from

Q&e%?%[%%gaé/% %ﬁ%ﬁﬁﬁ Fera Iwgg}f*rlgsrrl]n ng b%gg nor e
ﬁ%ﬂfﬂe?%tfwllezeumale%e N*ésﬁ@él gl ?y 2@9@% 670C. The
st eantngs IpS)sBBSIe usebuktyrncai thed aovind Xy sicap 15 the

e of f i ad1Qurs tQ hour s referably froml
T‘?ﬂ% ﬁg?ﬁ Je%ﬁ'nH telé)rrh %%rt |d§f pr e)ssuge ?gcr step b) is
toyellinithefr ‘almje’-eeﬂlw oreated tyt1a bsqrdophesere, Thi s

‘ me&eeqa@ééssérybetwﬂ tat ﬁﬂlcﬁ%c@&i &gea'tﬁlehbelsr dageoffed rom

0,
D AE e A Rl s

sent; ﬁhere an er gas IS pre
a9 mllﬁpﬁq@gfeﬁeots dt'teer onef tzeogate desebal perfoenedl s

b@we;obgeébgarue@agegb %tlmgquagaﬁéle@nmcemweee in the
e of | ower steam

a
’f) néFnb{ye§§ﬁg S‘ies" dfu ??rsféad %“'1 éﬁ?gﬁ? e dfre 25
@@]lacummaambmarmyl«tﬂes redegsiry the woki evectilbe desired
Ldarnedi ate zeolite. Mst suitably the steam
calcination treatment is  carri ed out in two steps in

whi cRSERR FiatsPey rsatight steRdrr PE8 BRTIEN1G
di fdsepentrdaeriperatds, e fbharkatnhe sseeand, 3bdmieabnent .

AL4.8rd nQEiche' y PEQ?eJJe%aLQFJH a?@yu%erg‘éﬁ!ié'&dm%&rai n one

stecP gradual , or stepped (al'so known as a
acids hav1ng 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.
Preferably a monovalent acid such as hydrochleoric acid
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
salt used is selected from ammonium chloride and ammonium
nitrate.

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

increases from that of the intermediate zeolite.
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ranped), increase in tenperature over tine. The
tenperature difference fromfirst to second step, or

wo cnoy@s2004/ 047988 PCT/ EP2003/ 050897 - 12 BEQEPIWDIICS0897

to end of a treatnent is usefully from10 to 100C,
especially 20 to 50C. In a very suitable enbodinent a
one step treatnent is utilised wherein a gradual
increase in tenperature occurs over tine. 5 \Watever
heating regine is used, care nust be taken to ensure
that hot spots do not occur in the treatnment vessel
as this will yield zeolditks of uneven properties. The
nature of the steam ng treatnment determ nes the
condiStppris dAderstipnchaidtieadéat wrenat $wrh treatment i s

allee G:@hﬁ\brecinotlhe drer aﬁaamq) %;Lt@rrﬁaitllgai bdTREE SgVere

n tmsnt t her terrperature) wi |
Geromn 9'?1 HghEF2 HE quﬁqh S B5eheSfbddel D yiel d

téhet thtth sravéach@aanea zeghet pssefihe @ stteepnbimat i on

Qlfeamcﬁgg@dl@rﬂ? &é}rlvtehﬁrﬁmt&hen%h%@dl{@éfﬂ '(.@&S used,
I nely exp eri ment al y det er m ned

e 15 rou
iia]lrhelszﬁbf'tsﬁga‘ﬁHWebbF otedEe| Presenhossshitd to prepare
éaugrasile suppeiedlssenwhi th plravermdunbtercaide si ze bel ow

go%sﬁgt@ng;towhe are%%{@&%o%%an@ ex¢ %Big 20 ”Q/ 9.
OV and

bulk silica to alumna nolar ratio a
‘H‘rti’stéf’&l Ofrntéﬁo@ﬂfén%}%étepn Th eddre2¥R steelibe® of
sed dot Eve drgdencriackhngon,ant e.-xa&p&honﬁlr aeki y{tdayn i's

éih%%a@i/oé Q% Eﬁo artrllgdC&Itala\ésgst rgpw.ﬁqeor

I nvention conpar es f avour ab shat shown
ndei gﬁefrqmnﬁﬁoc@l [8087ze an@t@refalrsbha\flrng &0(25:ohl gher

i na conte j i n
?daUJ asite hat eerrag}L fq ﬁoa (ﬁlf %Séﬁ‘:lgp 3éa6raﬁ9058 about
2740°40 'H’lftgsté&}ﬁﬁﬁdghas’&?cfstdlufséﬁlfflaﬂft cset et ovtt §ort Qnt he
nown 0 unit .c si.ze asite rials,
tlf&(‘)er mEPI° 1581 1§ Tore E‘apfsha sgllg rs’epr%gal\ﬁg’IlP’ " VI ng
% K ghers30 activity. The materials of the present
i nve%bogte%hbmglalt Beeiu&la ast idtiebyppfid R K@OM@ hi gh

ELlﬁgltrcello iz ?Ist%o i ned ngththev
i"P4BF ¢ 581“ | T PEPRR %ect Ut T Y30 SERR Wnown
bowninten csl beswennaherlraallgs.of from 20 %vol steam to
100 %vol stéam, 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 from 90 to 100 %vol. Where a
lower steam partial pressure is utilised, a longer steam
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
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
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WD 2004/ 047988 PCT/ EP2003/ 050897 - 13 In a catal yst
of the present invention, the zeolite conponent is

wais@ioklogs m xed wi th an anor phous bi nder conpPCERP2003/050897

The anor phous bi nder conponent may be any refractory
I norgani c oxide or m xture of oxides 5 conventiona
for such conpositions. Generally this is an alum na,
a silica, a silica-alumna or a m xture of two or
nore thereof. However it is also possible to use
zirconia, clays, alum nium phosphate, nagnesi a,
titania, silica-zircom &and silica-boria, though
these are not 10 often used in the art. The anount of
basginhieg ity ehe Oﬁ:ataryﬁmmayapp@rQStherwkﬁnmdenoifb al so

e %
€¥§§e?%%g3¥?gﬁ’%g %gﬁaggof:$y ) nnre breferably
TpodaBpricidaPny 2TP toeBoneltbys v@l@hsed basediomnt he
chQid@lalCﬁIcﬁﬂeM&a ﬁur@aaisératl;éel 5C¢&sp9§§f BliGe . and may be
pref%ﬁred n _certain ases, t he cat al

conpostt§on B?aEﬁﬂ? 5?%§¥%f§ Pﬁ?ﬁhfﬁﬁﬁ Hsdo Fotﬁﬁﬁﬂ ude
& sosone tweickethgrobtapdnernt. ocdi $ni shereketadity a

' ﬁﬁﬁ@@dagaﬂh%tﬁlLﬁgéngrﬁiﬁﬁgpéMﬁﬁuné@&p%gwggpéiéﬁ is

sel ec ed fromzeolite beta, zeolit
zeol LP8 "PIFeAPF froPefiteUHINE EETtreny cdetRhBLRES £hsecond
zeolittensy ungdeused,chpté eteabliyindtibast eedtmehtced | si ze

HAALEN odhang24. 49, h1 o A 33%999’%3’ aski V%Qgponent may

be resent in an ampbunt u parts f
?J"é’é“é‘dl“% ‘56t Ar" 2 60 Bk ?thlighﬁﬂf n‘ifé‘PerfJ"tHre@r widfably is
Zhuspr esieigheirnaaid arquitenantt he beaangeded tor om0 Tnko 10

a%‘t %urp cewgkgtheolg.tégou'TQﬁbge&okggb{rba tiOgn‘Qiphous

i ca al um na nmay as a second cracki ng
“c‘d‘rﬁ}&h@?ﬁ femdt s SAUpPReRSr and MBaeTdpAT KIS compdtfent it
t@nﬁﬁsnyusﬁﬁuhﬁan&nmpo&ﬁmrmlna@ hi gh operating

! STDEL 2! LGoPLAPCRIEE: o AR ALDI ndar LhL Nige Been found

usef ul ting a zeolite fro 0SS
RISPSE | fc‘waﬁyte a‘rﬁ}etfhéiﬂ%f"@rléhd@%’@t ﬁvarutowel#nsw% in

Blbw PI 0OESSgbhats , Wat etr @/ red linoekelesd Sepresent or
g;nerated WD 2004/ 047988 PCT/ EP2003/ 050897 - 14

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

In middle-distillate selective hydrocracking, an
exceptional activity is shown by the zeolitic catalysts
of the present invention which compares favourably with
that shown by higher unit cell size materials having a
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
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.
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In the preparation of the catalyst of the invention,
followng the m xing of zeolite with binder and second

w@ea@akiTgs conponent, if any, an acidi c aqueousPCDEPI00HO50897

maybe added to the m xture after which it is nmulled, 5
extruded and cal cined in conventional manner. Any
conveni ent nono-basic acid may be used for the acidic
solution; exanples are nitric acid and acetic acid.
During extrusion, conventionally extrusion aids are
utilized; usual extrusion aids include Superfloc, 10
obt ai nabl e from Nal co. "B rusi on may be effected using
any conventional, commercially available extruder. In
part fe? #atadyse EWEhe YPFEseRrt ruvienyiemc haez el the
des@enter fiar aeeidlqynhﬁw &ithhapugBrprddd eegadn a die

lmatogertﬁ? gl dmocra g %sg&% extrudat es of the required
orm <e g ré STt FTTPSBERT “rhe P&t F2hds
Hediraetionn @%Fgwconxn@y orhehxtbee ofitotigleshe

éﬁﬂ@éﬁ@[éﬁﬂlefbﬁrﬁﬂbh c&ﬁpd¥3555§§ déh@r&%ﬂjakﬁ§£ is an
xt rudat es at a tenperature of from

B8 DG @ Sl 1o frnaUBeRLge 3o haus,
qur mgre Zereofcalavemat i ion.isCal & maksbmld Socosweni ent |y

Labhed, caitaygna@uralrahmaphssq;m@gawg%ewat he . Lange of

from 300 to 800C for a period of from 30 minutes to 4
HddFar z%ﬁcolnéasi‘ndoﬁélh%lbﬁﬁéﬁatqkk?ﬁgfio\?ﬁﬁ?ﬁeﬁfe ot
rehensdd yin 2Be iartor piicatedunntad thel oat ahyste of the

aQ\éieLpgt o&tpp-g@c Stvhe@xdgixlideqn 1ga¥ls%c %lﬂgsé“t %@é S’é 2}%@ to

during l'yst  preparation, using t
9@onv8mvveow§rcf|wtt A& BFeferapdy igx &kl Jéanqehe “Erom 2,
rrh))t(ér pgenatabaR TtoHMpepedialagn2be addeds ty, wkhghizeol ite,

K¢ rmpmhtg %Xpil %%951%5%] %ﬂgﬁgﬂﬁder through 30

ternaft 'ydr ogenat i on conponent
may Ibelfadiﬁl’éél’f]c?rt Hédf“ﬁ?ryi’rﬁé pxefeydad esn eerheln bef ore

seadf t e6r thal EAtHIRGL HSiPIG1iEONY &t LRAgIrsBRE egnati on
tech ue e one Oor. nor a ueous | re atlng
IR Sspol B0 P eelPET APUESNT L PBREA Lot o
THfist he praFreeghht |aoﬁemc20@4}®me79slespcme@2@@3y 650897
sechhd 96€1URKS af tRNccadLifmabi 081Gk ot Berd,0ra8d: te

RILEUIR e R0 3 pE UL G 206 SaLel At
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
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 binder.
As a cracking component it is most usefully employed in
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.
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enpl oyed. Herein reference is made to the Periodic
Table of 5 Elenents which appears on the inside cover

woboothhe79®RC Handbook of Chemi stry and Physi csPCT/ER®03/050897

Rubber Handbook'), 66th edition and using the CAS
version notation. Suitably the hydrogenation
conponent is selected 10 fromnickel, cobalt,

nol ybdenum tungsten, platinumand palladium
Exanpl es of hydrogenati on conponents that may thus
sui tably be used include Goup VIB (e.g. nol ybdenum
and tungsten) and G ouap!dFrll netals (e.g. cobalt,
nickel, 15 iridium platinumand palladium, their
oxi dbs thedprepdphiidesat The catadlypstoftameosntdranon | |

fran@wfregbltxe £ONRi Be aztedleeétwftw bbmxog\%eagéc%d
onents, e. enum and/ or tungsten

°68 b‘h%rﬁomPﬂ“?fgimllﬁa‘ﬂyonaW FHALS BBRRAUS &RHYGOTNI ckel

meghponided tParitd aukardey aptef evhied 20 icombinad,i ons are

erslu;h&éé tamgésf&n@ednv'c%%%wpcl»sﬁdﬁ

advant ageous results are obtal ned ?{e)ée met al
COBRBI HALS BABC RS Gt d Aoy e s)tﬂeﬁ‘hf%llé tfhér Aridrilce
splesesr; eahaplsd aconpiasiiti &idrendcord@icnadpdto 50

D%g{ 2 dy ) W?gglbt %6&/& gg@g@téxq_ﬂ %% n;f)on%nt cal cul ated

wel ght) of
utté@aFeC&'at‘léP? te’ttéﬁﬁb@ 3R, fFfdrudéx%‘mﬁrélOFhe cat al yst
obOAPASHIId FRomBayalecentain from2 to 40, nore preferably

fromb5 to.30 nd es rom10 to 20 arts by
wei g tréjTSl@oupy YFB Jai C%Ie?s')lsmr?d/ao}( ?Ornvﬁf’f)l%? Yo 10,
W@rwlﬁryeﬁ@@kﬂb}ewmu@es t I8 pantli adeant ageoesty
tfyb@néﬂtltlﬂlﬁg nfMihs rbaw wei ghdd afo € aup Wk hifetal (s),

al cul a et al 00 b ht (dry
t&éf’ﬁ%}%) C%lf%% a" ac |p>}§% ‘?rﬁ’ iﬁ%%tmﬁv%t 2004/ 047988
@@P@M@ﬁomgﬁqulr% fo'ﬁhe preseptindniention al so

A O¥LAES @hprmasf%megoaxve&ermglaq h%@r 99@{ kanaceous
feedstock into |.ower. boil gfdmaterl al s "whi ch
fe

Conpr i '$¥s 2BBRTRICEA Rg- 1" SSEREW tHenGArogER at
egltevad et mepper alriepe, and .S5aelevahedrypressuf efiam t he

ﬂ65e§gn§6%°8ff§% %a%gqgéd of 30 minutes to 3 hours, prior
to calcination.

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

At least one hydrogenation component is preferably
incorporated into the catalyst of the invention. This
addition may occur at any stage during catalyst
preparation, using techniques coconventional in the art.
For example, the hydrogenation component can be added to
the zeolite, or a mixture of zeolite and binder, through
co-mulling. Alternatively the hydrogenation component may
be added to the formed extrudates either before or after
calcining, using conventional impregnation techniques, eg
as one or more agueous impregnating solutions of Group

VIB and/or Group VIII metal salts. If the impregnation
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conposition according to the present invention.
Exanpl es of such processes conprise single-stage

whyaroemacki ng, two-stage hydrocracki ng, and PCT/EP2003/050897

series-flow hydrocracking. Definitions of these
processes can be 10 found in pages 602 and 603 of
Chapter 15 (entitled "Hydrocarbon processing with
zeolites") of "Introduction to zeolite science and
practice" edited by van Bekkum Fl ani gen, Jansen;
publ i shed by El sevier, 1991. It will be appreciated
t hat the hydroconversi onld5 processes of the present
i nvention can be carried out in any reaction vesse
agsyab dfterheadeinatThused hbe pforesisex mydayes pertfenr aed

futtBef i 8d nhegn OlcalBYhNG cRefrs LRt eris u%%%QlIﬁe
caﬁal t of the invention may be used in conjunction

y suitabl e co-catalyst or other 20 materials
usuakereint refardnceThasndder texemplPeridbiccatalysit of

él'éﬁeh{{‘é/%t IQNa 5BL Rectised | fs &iacked, bolep foremtion

one or nore other catalysts usef

W&PB?)'F e SEPRLS Lo A & ENPEES wi TTHeaReRReA yst
Hamdbadkvi)ng 68 diif f Bmenhd 2edhigt he Wiashvar ciatmal yst
eatabning a faujasite 25 zeolite of different unit
cell size, with a catalyst wutilizing an anorphous
car r PRFEabdydtE Tyrogendtdas CUWEREHE bededprtichat i ons
rawen been ,peopased mbDyidd@un| | euraister; JAR+904B2H32;

11ad?&9 164; EP-A-310, 165; and EP- A-428, 224 may, for
exanp be nentioned. 30 The hydrocar bonaceous
feed§¥%ﬂﬂé§8u§éfQMdHOEe@¢R§0on@@ﬂﬂﬂ?UEPcﬁﬂ?isméanthn§ry

SMitBb Ny aMuded boidiubg c:mgevm They.i rﬁ@iyb@%n&ﬁ nmspheri c

|Is co er , uum
ReBrl el PP Val esgf S FPBR S deren,
JFnlsleh'er p‘ﬂradpgélh aynrhbkdiup) ocldwd r bohdpsapddshort WO
s?dQ%A94598&h€@£ﬁ%993é&@%89€1m wiil ;Sﬁesﬂe%lﬁﬁy

catal ytically cracke oils, thermnal

RS Here Ch AT ES e GlEE 1 P | Ty Guge =
rmdb/bdﬁalhd\ yanddpr gturmtstﬁlg dompmneay isandnbighglien owlt'sx
arf%%lbgyg M@dmg(elpe&g@oﬁ@ﬁ% arvﬂa&lleﬂm QPML%H' ons

vari ous ﬁrbon oi

AL L PRELTS E‘Ee %ﬁqie é&W&FPyarg%r‘PﬁF?‘%/ "?ﬂe}é{ng’é ons
hawi agvantgicbungrespok atamf obtaire@stwh830BesEheetxdi | | ng
J&HﬂgﬁagqéAs are used in the sulphide form.

The present catalyst composition may contain up to
50 parts by weight of hydrogenation component, calculated
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
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.
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generally be from about 330 to 650C, with preference
bei ng given to feedstocks having a boiling range of

wo pami047b88 about 340 to 620C. The feedstock mayPeTEEPR2083/050897

nitrogen content of up to 5000 ppnw (parts per mllion
by weight) and a sul phur content of up to 6 %w
Typically, nitrogen contents are in the range from
250 to 2000 ppnmw and sul phur contents are in the
range from0.2 to 5 %v. It 15 is possible and may
sonetines be desirable to subject part or all of the
feedstock to a pre-treathent, for exanple,

hydr odeni t rogenati on, hydrodesul phurisation or

hydr Doepekaeht satveoniomel bodscovade e plroaees kivawn i n

dbh@er@&té 29y&?3%a§5&%&§%u9fféé&%tb@ygﬂhJo@oﬂ@y

conveniently be carried reaction tenperature
B i pe “}aéﬁﬂjéajo? WhFFBrHOZE’Glf%S %O@C'b‘rr@f &Rably in the
ﬂ‘e&ﬂg‘eoc&f wﬁmmﬁﬁﬁgehmﬂ@@&aﬂdmetpm@@mmrprmss is

@L@goa@rnfe@,ggll%dt gtpr%tsegce %o(t:g\t pLessure (at the

react or e range of rom yx 106 to 3 X
CPOPOPEL 1 ofp ReCHFENGr Bb I hhef Péﬁﬁ%txlawtltoa 2.5 x 107 Pa
and eveipleeref piehepaddessts 0B rXsd 0hing0e-2ragel 07 Pa.
h\N&rocrackl dr ocr acki ng }f)rocess s _carr| ed out _.at a |l ow

b S AR MRIE R o 35 M7 3y P,

ressure P or ex
htyldir sc yrmkibe - t%ﬁi’frt@dti?ﬁﬂ @fhy'@ﬁ@cpaekﬁﬁgfs cFhebehydr ogen
ﬂb@lhhi al pa@egswze a(natedjwesfr ersdtel 18l Rinkitisqpreferably

p et LIy SA R o S LS T T
o grrldibe (06enee 2nd rra@icPi edidedt by [vannBekkum,

Eﬂraﬁﬁgé@blﬁngéﬁm[ﬁ]b)ilg-}% %9 éls%v)iealfO?lﬁﬁl- A space

vel oCj t‘“é‘tll n the ﬁ g feedst ock per
litr&tchtdl %tapﬁeﬁﬁc ‘?Jﬁ‘?d (tf%@t 1“13 Y;dﬁocf VEIgoMVeniently
usedssdr efferablpreishet spacetvel oeint hei errmedtdie nange

JHQOQEgkéhchovgsséaa Ehgi”fﬂﬁkXefnyﬂ thsté%e pkgcgssl h-1.
he rati o of hydrogen gas to feedstock (total gas

Irraét’t 8y fﬁ%refd’ri“ﬁdtﬁbaplfé’é%%tbeﬁr%é@é’lwIq’edgéﬁéF%ﬂ‘l 'y be in
MiGot hiee reangey$t am 160 1roreh®06h MNakpe Uddd iis preferably

éd%juhg%ad. QQ@thAv“SEQEEﬁf% §Q£@£é¥1 gg'or other
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
different zeolite, with a catalyst containing a faujasite
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.

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, lcng and short
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The present invention will now be illustrated by the
foll ow ng Exanpl es. Exanples 15 In the Exanples the

wo odokowiosgy t est net hods have been wused: Unit eet/EP2003/050897

size: Determned by X-ray diffraction using the

met hod of ASTM D-3942-80. Surface Area: Determned in
accordance with the 20 conventional BET
(Brunauer-Enmett-Tel l er) nmethod nitrogen adsorption
technique as described in the literature at S.
Brunauer, P. Emett and E. Teller, J. Am Chm Soc.,
60, 309 (1938), and ASTM net hod D4365-95. In the
determi nati ons quoted below, the results are given as
resipBesi myitelpoiqatl lassesswentydlakenlat themingl DYer

dﬁﬁéﬁ&@icaHl@e§§égﬁ%dogag $¥isfoéﬁéngyﬂgrﬁhéy ngE 5%§iﬁgture

retreatne | so note bel ow). Mesopore
Rt ﬁ?‘l‘htea 250U BETLE f1icerarne TpgFad 7S
prresopes endi siuses .t oComidingait e gpoif esatiawisng a 30

}W&%E%on()fo gs QﬁQ;D lgprh?e eIBfoﬂa'dffe{‘ﬁch% BSEX‘ﬁg” the

total surface area and sopore area
Hildr 8RR LYr SR hAREr %YdﬁﬁcéF%‘ifbﬁ’ 8evinpgicc &pédisor es

Pavicngs aadiiapet e930°0f I@gSydNang2-4ge Y 2004/ 047988
PCT/ EP2003/ 050897 19 Silica to alumna nmolar ratio

G(GS}RRPll)Dé?teelfﬁ?Ih@@OW 3theawi eal°Canel ysipsefgrdnees quot ed
B8y Bdn tSARJINBLKE ShavhiAg S dliNen@Viaak! o SARRAN

not specifically the SAR of = the crystalline
Froarews? Ko §2Q"<§t al "poriecdst Afte maDtErETRnRHt 84980t he BET

ceichad. of Mpcr:@pmo@ pgwn@aré@sfﬁ&sa@hpyort Re He it
dIhod | so__known gs th - ng nitro

ur. content o 8 % caslI lys thrgﬁen as
THe 2aas Bat 804485y bed by L| PBHE i nBe & de
BEEentg GuEenah ofe raapal §rins 253-t32 2000 @ 20d

Shpahal dddviehys et %nh&eqamge Xedoay oD fdd acki,on 1
Ut'l'Zln]geg'ﬁ‘T D3906- 97, t he stgndardln

I N a
S HOE 2hT I hrarOrh e br R N Past e | ow
revitt cced ]l sifzehe Eedreedls tonatiwe-Methoweragf, Sorf ace

é&éﬁ%l@@CﬂﬁargﬁgnfgyddgﬁatfﬂhalM?&éﬁdesulphurisation or
hydrodemetallisation, methods for which are known in the
art.

The process of the invention may conveniently 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

total pressure (at the reactor 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 106 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
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,



10

15

25

30

15 Zeolite quality has in the literature generally
been described using BET surface area. The surface

wa@e@a/ndmsa presented here have been det er m neRiChyP10h®050897

general procedure described in ASTM net hod D 4365- 95.
The specific recommendation in the ASTM nethod is
that for 20 high zeolite content materials the |inear
BET range is preferentially found between p/po val ues
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 interceptlfs observed. In addition
Johnson (Journal of 25 Catalysis 52, 425-431 (1978),
st bn@fér@blpffﬂdneueoid& eo Lontxend’ ofa anfasedmst from
Nltro?ef Agf tion ot herms’) clearly shows that
T&FyPrT LT %W%?lﬁﬁl ton?t%dﬁéﬂ décurs above a

p/ poAvabaue vélenily m\nt&haeehgé g€rym and toedbike Y

Yst s, e adso n nitr O partjal

j:<|c:)ere<(ajsssuC]f’a 5 gt()%? Cf‘whﬁsqc pﬁlée}housreﬁg%ﬁeg 9 hles nost

Gnivenbeet yr oasdvhi @hef@r@élywh@tsapaae BEenosutf'a:cﬁe iar ea
dHr rhhge zaehi § e of s§ rk?arer§§§éﬁtlyE>f§&P|(ﬁsz £ 4O
2004/ 0479%8 PCT/ EP2003/ 050897 20 The nmterials
Yeésctibed li-n these Exanples contrast in particular in
surf age ﬂt@a @prm,a&sgert ggage*a@r@eldﬁto@yadtlo@m &as
gﬁﬁnercug avar%ab Iunlqﬂﬁed mat | s . and

§del dr‘?eﬁ?eedD AP he1OCERT ature901=k éy ¢.‘"care 5
tthestrabee tfakanl® toohp@t @lhemduds Aaterd f@irgsbiy tim
SHeMrhAge U4BRt 26® 1t gbayn@yggs Such materials have in

t he Egtent literature b een I %ﬁred to as

Ul t FRRyFCSERbLITY S2EOTT (' Y“O"( HyJU8B2ASS 141870

dedoribesxampees.als with unit cell paraneters |ess

4 124. 45 angstrons as having BET 10 surface areas
rom 450 n2/g to about 600 nR/g. US 4,401, 556
descrhbes thempiss ithe hfsineet agkiasg aétHweBYaveaideal eum

feedstock of such UPHY materials (and catalysts based
on the having surface areas in the range of from

by £alE7dzRp/ Peterpiped 2y Xopay shdfertisicrebfiteshal so

rﬂe’:‘th@dl bechdrg bheodrydoocracki ng of heavy feedstocks

haxpea rgggérqnqge ET S| rfa C%rgg otf fromb586 to
Mmer ci a y aval € na erlals are al so

satepehed BRTt Hrunpref dnmest- Tenllsar thetdpodr nUs-ogen
21553h1 850 teRhBIQNRCES described in the literature at S.

Brunauer, P. Emmett and E. Teller, J. Am. Chm. Soc., §0,
309 (1938), and ASTM method D4365-95. 1In the

determinations quoted below, the results are given as a
single point 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 ‘mesopore’ is used to indicate pores having a
diameter of 2 nm or more. The difference between the
total surface area and the mesopore area is the micropore
area, where ‘'micropore’ indicates pores having a diameter

of less than 2 nm.
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"Utra-stable Y-zeolite" materials, TSZ-350 and
TSZ-360 20 available from Tosoh Corporation with BET

wamwoiaecmsar eas ranging from 600 to 650 n2/ g. PCT/EP2003/050897

Simlarly, Bezman in Catal ysis Today, 13, 143-156
(1992) describes hydrothermally deal um nated Y-type
zeolites (HDY's) available fromthe Linde D vision of
UCP, specifically 25 LZ-Y20 and from PQ Corporati on,
specifically CBV 600 and CBV 712. All these materials
are reported to have BET ,surface areas between 500
and 700 nR/g. Preparation of Zeolites The zeolites

he catalysts o he 30 present invention
mmm%@l—%w@uﬂ L6299 L E eR%fregﬂmm‘f)‘? dedur es.
Fhemstar pRagy et evables guetediregel dwlal’ kahR @oatehs

t5lshy %Me abkalin oxkdehqapsonidm £orm Yy @t?@léArRegf
04/ 047988 PCT/ EP2003/ 050897 zeolites

gF% f)rrye?ﬁéigﬂn%fraﬂ%w%rf ‘two met hods known |n the art.
Wht bk prgle mehumeng Pecdreiexd|wisi vee HETOMBEodTRt hods  oOf

ﬁgékéaﬂﬂ}gvgiﬁﬁé aﬁsgégggdtgy e 1§ - S%&!“Me%ﬁOHWE %sgrepared

é el ther the Cooper nethod (as described in
PACEMtES ShenEetPedt s Mo 50488, @%‘F)hev\MWblaﬁ@oﬁ/es
Késtoibeekbhangeeos, Nankennzeae Beery, sbokhomed by

20PN UM i QD45 bange, or by the Alafandi nethod (as
descP)l{'JE)i |§n e(ég )n Pat ent Speci fication No. 4,085, 069)

es Deéﬁﬁ‘b#ﬂ%@npéx%ﬁ@ﬂgélﬁ?@éﬁl%t@généw
agpeRrEEaves pherdakidd 4y eﬁs%@ndzhe i}h%ﬁkﬁaéas%n@| ysis of

%Er%ms} rtlt[ggolzlecol &tets cod tlht €. en aI met hod

preparation 1s i Ndi cae Tabt'e & 76w
SPwmentc ot BYR Nﬁﬁmuqiaﬁﬁﬁquﬁe%z@mbﬁmepmef_sneam

alagyﬁed in one or tvvo steps to create an 15

stal eYze t of the
zeo qua?lt%%aﬁen su jgé% u5ea?1er%?cr &If%l el?m nati on

tiﬁéarmqﬂt usgohSESt fwgfack arone Fhepsunfeat nerda whtdh a
¢eabinatd 08-8havaNPBg léi@t@ﬂhﬂfe'ddsym Bydeoghl oric

aci d. TheseC|f|c ai | s of m n

PF st Tt (8F HRa%t he %H’ BRI a?fifzf' g)gal uq%enatl on
speat Higntrearmnealdedbign Vienthe ARl setiod Thethvwt dor
69Qh efdoliiRet Aéh iRl - £XEaRY8- dRAh AL AR Nrange is

preferentially found between p/p, values of 0.01 and

0.09. The method further states that emphasis on the

even lower p/py values should be used if a negative

intercept is observed. In addition Johnson {(Journal of
Catalysis 52, 425-431 (1978), “Estimation of the Zeolite
Content of a Catalyst from Nitrogen Adsorption
Isotherms”) clearly shows that very little adsorption of

nitrogen occurs above a p/py value of 0.05 with zeolite Y
and zeolite Y catalysts. The adsorption at nitrogen
partial pressure of 0.03 p/py, has been selected as the

most suitable from which to calculate a BET surface area

for the zeolites of the present Examples.
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treatnment was generally sufficient to provide a
zeolite slurry with from5 to 25% anhydrous zeolite.

w®rah/ovmss at i on i s not believed to materially pET/@R2003/050897

the 25 results obtained. Product properties of these
materials, terned zeolites 1 to 5, are given in Table
2. Tables 1 and 2 al so detail the preparation and
properties of zeolite 6. This zeolite was prepared 30
anal ogously to zeolites 1 to 5, but with only a single
step acid treatnent perforned as the

aci d-deal um nation. The2&cid utilised was

hydrochl oric acid. CGenerally it should be noted that

i n ofdermaterhale deshelktalsiinethgreoBeatples obniarasery

JH Br@%Jl%Qelﬁfﬁﬁfﬁeg M@aZQ%a@e@% éoqgrgfg%)OS/ 050897

i i referred ‘gar_}mcro ore vo

38R 'atcé?mm%’é?r‘t?r Lh4t 361 18Pt %t%ﬁrﬁ*ﬁgn%‘e*@e?‘?‘f“‘y“éﬁd
zaci dhdealdrunattiecdninseweldityrauste be apphkiced. dafret he
MSQCHES@JkelnStg o&m?%l:gl%e tcS%r&Q?Qa«}ﬁth”@¥mﬂL%& be

sufficientl st ab severe aci
%Wléafﬁ%htdlmﬁeetﬂqsu ngSHH FEWRT Ut Rake afeihe | patems
InAkebtate ib®eAVEIfesteanad ast omtrmlgdr@;rwlal &3 ri4Gt ur e

paq@ggYw I IGBogciJ 0180 f %tesEE surface ar ea and
? ac

m cropore vol Unes eveolal & hi i f
e BerIrAera- Ja?ﬁ?oﬁb%r‘?n%‘lr dat ﬁmtrpesmﬁ) hmlmlﬁﬂ the

b
mfaeaoyﬁea@e?m 4%eaiﬁgdt Nab e %bsarpz w?a” not be

sufficiently renoved and the SAR W | into
41813t rgCr A taﬁdu%énsﬁrcr%éaarw \mfr Peder | ow. WO
p2@4/ 84t FRBAPCTIHEBZ0OH BRI matBIi4)3 @inid- &aﬂal,ys]:sw |

4ﬁ5§8905)éhém Ih Iﬁnglgb%ggég Sk%&? i alhi {Sﬁge)og %%E
520 to 579 m2/g. EP-A-421,422 documents zeolites also

suited to the hydrocracking of heavy feedstocks that have

recorded BET surface areas of from 586 to 752 mZ/g.
Commercially available materials are also referenced
in the literature. In particular US 5,234,876 references
“Ultra-stable Y-zeolite” materials, TSZ-350 and TSZ-360
available from Tosoh Corporation with BET surface areas
ranging from 600 to 650 mz/g. Similarly, Bezman in
Catalysis Today, 13, 143-156 (1892) 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 m2/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
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W@ 20040479884 31 rl a) N1-4 OaOOr-I | -1 1 pCt/EP2063/050897
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zeolites are prepared by one of two methods known in the
art. While not meaning to be exclusive of other methods
of achieving similar results, the examples were prepared

by either the Cooper method (as described in U.S. Patent

Specification No. 5,435,987) which involves K ion
exchange of Na form zeolite Y, followed by ammonium ion
exchange, or by the Alafandi method (as described in U.S.
Patent Specification No. 4,085,069) which involves
ammonium exchange under autogenous superatmospheric
pressure. The chemical analysis of the starting zeolites
along with the general method of preparation is indicated
in Table 1.

The low alkali content ammonium form Y zeolites were
steam calcined in one or two steps to create an
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
exchange-dealumination treatment 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
results obtained.

Product properties of these materials, termed
zeolites 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
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



(rn a rnsa vVuuR4 a) Q 00, OHJ + 0 .-Hm+
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wddoopd4A38-( 0 0 0 GCa) G-H-i 4 (N 43 C arCDEP2003/050897
C--14)J~. a) a . a) 4 49 a) 7a(a cc 0z aln
azn(nar- Ul Om-.>7 > ~u04-1140 -1-1
s40004-1~400 zxO0r Cror, uCroaOu.,i
(a.CbO0 :-1a) a ZW4 0.1-00a) ' E-HOVE
>a) --1-H + N.44J 4 wvro4) aa (Ur-4 a |
rl.ac3al~a) roro EEvro5E(1) a) -HE~r --
r-+ 1drCu>ACa) 1221 CO0) -r( uua) -H-H-H
(O--1HH(n .,--1 HHU HH2E (40- ONJ-) 0O
thelpréfarged NdD micadpord vdlumd,(8n appgtopliatd C S-1 (a
%?%%2158‘3? 55%%?@3#&4 rRe )a\AQHg?Qé~°O%)Z%§/??a“NIOP M O
SGVREDYY "NSENPE APPLAFA] C IN MAMPVERUEF T GSafoe MilElK O
sie@n€ @HOn it may not be sufficiently stable to a

1

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
not be sufficiently removed and the SAR will not fall

into the desired range and the surface area will be low.
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wE040em9por ati on of Phi | adel phi a.

Conparison catalysts Ato F for use in conparison 5
activity testing are commercially available fromthe

general procedure catalysts were prepared using

di fferent amounts of zeolite and inorganic refractory
oxi de, generally alumna, in each catalyst 10

fornmul ation as noted in the Tables bel ow. For all
cases except Conparison catalyst C, Conparison
catalyst E and Catalyst 3, the catal yst conposition
contained 4 % nickel aRd 19 %w tungsten as net al
hydr ogenati on conponent, based on total catalyst
Yksngmetiohpdafatalysts catal yst C contai ned 17 %w

t ungshenzecﬁﬁ@e905prGQQBaaaosfenwe@tfewﬁat%da%&at al yst

i ned i ckel and %w tungsten. These
aftaqﬁfgdlafsf éi?%ﬁﬁle%ecpheﬁ%"f 'aITgechrﬁeQﬁfEes H2FE Ho ef f ect
@?mptahesmtha\taﬂysnﬁ ’s o hF Mpdr ogs dokicngpaaitsahyst s;  any
gidiesty exdithihbegrd Solkidgd 140, o(a%'l Ei‘é)fro%ot%‘ es in
ro t| cs hydrogenation. General procedure: cat al yst
%arsooﬁia”éb%} &4 B?g]rﬁciﬁlﬁﬁl%l zeolite with refractory
i nor §aniiee drildewiny tgheeprlopoptédurs retrliysed. we At er
ﬁ%a@e%s:ﬂ' t&if:feqre'nq g@élnw Ois eléﬁﬁgg)an\ﬁpﬁ.g?g adnel% 4215

i n_order toaC|eveaE |nterangeo
T ragtory iy ider gianegal )grﬁltuf“é‘harofmf?%)‘?ﬁ BRtESYSO Ot
anchutl heiormiast o ednilnl €He iTabaefbelauwl | B5r Wi kasdk

extelpggélg'kpearmsén %l&QE% n%gm ll}.%om %(gtuarle s%%lap C$| oc)

t oget her FrUSion” al
(F‘?Ftaéyé%t}'u&éﬁega%@ﬂ?éwwosﬁhl% §95ta3wad dniva

fi1dkel obed sivape. tJrhﬁteﬁ)éié' M@@EES}}?&&B@@@JT{&%@ st ﬁtl cally
ur, t hen. cal.cined.for 2 hours at

%%‘&)8%e$ biag?él g}got%t 5]r at &8t &8 l’B?a:an edBFE of

pRgdlar ¢ emjtcm%ﬁrfﬂ 1ﬁadw at%52@04/a®47'9®81 Comparison

8@&1&?’20@%&@5@&9513151 36corftiaan®gd e, 306w 2 - s asur ed
a nom nal trla%

romthe top.to the tto 0
A I T A AL LR R R M EE e
Wmoﬁeﬁf@%f oni Wkelacghdi t vt ghgstan hwer ectaledgnng

wcaqry@@gﬁtae@ byrddpreegneidean: o1 theeq Scpelshetse i th an
eous solution of nickel nitrate and

enj zed a
%Fufﬁl et S?gh‘ff’st AEECIFRE L PPrpr egnat ed

General procedure:

A catalyst was prepared by mixing a zeolite with
refractory inorganic oxide in the proportions required.
Water and 3 %wt nitric acid (65 %wt solution) were added
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

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

By the foll onMTVP2003/050897
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extrudates were dried at anbient conditions in hot
circulating air for 1 hour and then at 120C for 2

whoanms4798d finally cal cined at 500C for 2 houpGT/ERH03/050897

Activity testing The hydrocracki ng performance of the
catal ysts was assessed in a nunber of second stage
series-flow sinmulation tests. The testing was carried
out in once- through m crofl ow equi pnent whi ch had
been | oaded with a 15 top catal yst bed conprising 1 m
C-424 catalyst (comercially available fromthe
Criterion Catal yst & Teetinol ogy Conpany) diluted with
1mM of 001 M SIC particles and a bottom catal yst
Bedetonmti g gulOmphswfed fhemtest topttal Yot bl timed

o thadfith 0f i Dok Shdd 20 P tirGLes,, Both catalyst

beds_were presu|phided prior to testing. Each test

i nvoFVedstheé %%G@ﬁ??’é’roncﬁﬂ’f‘%\%‘te“éfs @f nickel and
thwdsoeamegratieousnteepstaarel $¥v im@avyngasnobt )t th t he

5eqee9§tval xsgnhﬁodnoaeglz&e';qwgusb%gemfocqato%' ¥sdded in a

once-t hrough operation “under W ng process
‘b‘dﬁéF? | Bs .am%orlslpla‘c BelRt st ytof Tresingresearsd gas oi l
Pparudbidy @cecatalipat apeamiedt §de@itidnd-ik) ho@ hydrogen

eav as oil tio of 1440 N /k a hydrogen
T HnE e SeT ST or Bt Rt har gu AGE Bar U5 eoEAN)

aamidfanmyt ehatifeessus @ ef rdd 2xndG Pa (140 bar). The
heav as oil used had the follow ng properties:
%&ﬁdﬁgé&iﬁém 86.47 %w Hydrogen content 13.53 %w WO
200410 1988 o PCIYMERZ 003 060887 27 thdi datagent £ Njas
£aasend 9 epmbe%dg@ds&o%cmdp gsrggsn?n%kg

(equivalent to Dg Tota itrogen
%ﬂﬁwﬂémmﬁegtﬁpmﬁhe ﬁ%ﬁw va%/%re}eab osrxseng?f?ﬁe-
Dersigh yni(ctOL dol)e i BBO: grhirth Hdal BeemEioghitd 4331 a

‘JJH tc%@!ll\}%ql l)!eélgcopnglrmsu?’éll g(l 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 SiC
particles. Both catalyst beds were presulphided prior to
testing.

Each test involved the sequential contact of a
hydrocarbonaceous feedstock (a heavy gas o0il) with the
top catalyst bed and then the bottom catalyst bed in a
once-through operation under the following process
conditions: a space velocity of 1.5 kg heavy gas oil per
litre catalyst per hour (kg.l‘l.h‘l), a hydrogen
gas/heavy gas oil ratio of 1440 Nl/kg, a hydrogen
sulphide partial pressure of 5.6 x 10° Pa (5.6 bar) and a
total pressure of 14 x 106 Pa (140 bar).

The heavy gas o0il used had the following properties:
Carbon content : 86.47 3w

Hydrogen content : 13.53 %w
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10 50 %w boiling point 451 C Final boiling point 605
C Fraction boiling below 370 C 3.71 % Fraction

wbosiongsabove 540 C 10.0 % Hydrocracki ng pep¢DERBNEES0897

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 %w net conversion of feed conponents
boi l i ng above 370C, are shown in the Tables below. In
20 the Tabl es the anpunt 2of- zeolite is quoted as the
per cent age by wei ght based on the total catalyst
Nuyppoet , (N)i eofased on the cat al ysi pprivght excl udi ng
ARal 5-520480the Exanple 1 In. these first tests the
activity of a nunber of 25 cénparrsoﬂ éﬁtalysts was
assessed agai nst catal ysts of thedpiesksnt icavehid on.
The results are shown in Table 3. Tahlen3 denonstrates
when i hizin | trastable lite Y materials
#ﬂggﬁng a g%%ghb ﬁﬁgfg%%ll si zé (dé%gaﬁ%vﬁ 24.40 A
Heausirty atled 4i ) o hydr ocr acki ng:catalsystsgB there is no

ctivit in.(as shown by the T reqg.) with a change
é%?sﬁﬁYtX%g?IQQize, surface aréa, SAR?AnH ™ cropore WO
004/ 94988 PCT/ EP2003/ 050897: - £8 gvol une: both
Conparisan.catalysts A and B sho e or less the
zgﬁgga¥éﬁﬁg%3?6¥€¥?equirenent (T &%ﬁ?f:for 65 %t net
ORVEDSi dng ghintski | | ed person woglidecor mal |y expect
that below 5 a certain unit cell size, the further

HioRer PHigHioP PREE unit cel |l size di%tHe zeolite

SURROSA . bdiWhhgbdi1Rdi 65 8 a loweyi;Agypf the al um nium
content - also shown by an increase in SAR), would
ragdien teileng daevachiWity, ie 1haét %uthi gher
tenperature woul d be necessary to achieve 10 the sane
conveysi@itaciihig pexpentaicdeOnas SadsBgeed]l ashevivdysion

%@Qré&%egagél%ﬁt 9& iovpc WQJC C(':F]or‘!:vlga% Zoeno!oift %eeYd Supp.ort
as a significantly | ower unit Celt°'siZe 804 a hi gher
ShRenemrd boéging edoae 190°0I gifer coepgrer atutei thor thée

gﬁgﬁge&%%%&§g9@@§e§;é$%@ ofc CRuRaFiSgR catdysis A

to obtain 65 %wt net conversion of feed components

boiling above 370°C, are shown in the Tables below. Iin
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
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
there is no activity gain (as shown by the T req.) with a

change in unit cell size, surface area, SAR and micropore
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15 1t is thus extrenely surprising to find that the
catal yst of the present invention, Catalyst 1,

wa@iRookioziosyy a zeolite of simlar "low unit cebdT/EPDO3/050897

and an even |ower alum niumcontent (as shown by the
even higher SAR) achieves the sanme activity as the
“high' unit cell size 20 zeolite-supported Conparison
catalysts A and B. Fromthe results of Table 3, it can
al so be seen that the high activity effect is not
given fromonly changing the SAR of the zeolite. The
zeolite for Catalyst 2-I2as-a substantially equival ent
SAR to 25 Conparison Catalyst D but the Catal yst 2

ab boneshbwsh dvmphnjyaoy edt & BrEpear at Ak Br efgol m2renbr A

mg hek sgma ec%sef&ur%ugéaﬁereaeg@ TSABqandfom gLopore

volunme, in the zeolite support ylel fu tRer
B%TﬁVWFﬁr?Hﬁ¥ovenent (Catal yst 3). Also, t he data show
t hat Thiees ef fledt péssdiovot B aloglal BP ekpethecHaroper &y ON
ol cZRaliht X By E NG G BRYSA, phOf ML BLL R AR TS al so
ited er 786 [tes of m | ar roperti es.
E%\-‘tfalcyétlssb@npéu F%gzesileb%rqupeﬁstoﬂwhsoh owldl&ﬁde§@ ot
160d1ing WEIel ey@sﬁﬂmt eéh @ Lna%CEhoWS:% an

nificant her, activit as shown
TRty P SR L N R AT ON LR A ES
thdt er BAghed tempraraiiuyd 100 d heenetessase)tavashiéveind
ﬂhérhéhﬁec6ﬁﬂé¥sY§ﬁS ﬁﬂistgﬁpéaﬂﬁ$§5% 1snY§5@édNEh099m9@red

a siml.ar d arj son_cat al yst
oA aErF QDB oaere Bir ot Subeke ko and
& siwvidporrt lyoll ower URGEt bellnehee| | dnac anhbga‘laeeany

€. nt r for Cat al yst
%Q%&UFQG% rl‘2 lgncgwga?%ﬁe%f)eﬁa g t}re i S61° cat al yst
EOI‘E’\I‘FatSlﬂPt#\S §1éhwal<5fsf30mmrltsl@e mfe@@ﬁtS@]\ﬁ@m Bon, only

PpLl Jehes STmi LxOlerag) b iaiNe é&p§5%6%046§f8%353¥e
t he sane Ct Vit

SEE T o P B i) L8YOR % uro e b 1 a0 tid 8 ey N
N Z9oINt@/ ¢D siNi MM ‘]lD(V’OOUIG@ COLMWIzeCEng an even

lower aluminium content (as shown by the even higher SAR)
achieves the same activity as the ‘high’ unit cell size
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
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
to the proportion of zeolite Y in the catalyst
formulation, and is also exhibited by other zeolites of
similar properties. Catalysts containing proportions of
50 %wt and 70 ¥wt zeolite were investigated and in each

case a significantly higher activity (as shown by a
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temperature differential of around 10°C in each case) was
found with the catalysts of the present invention
compared with a similarly formulated Comparison catalyst
of similar unit cell size but lower surface area, SAR and
micropore volume.

Furthermore it can be seen by comparing the
temperature requirements for Catalyst 1, Catalyst 2 and
Catalyst 3 and Comparison Catalyst E that with a catalyst
of the present invention, only half the amount of zeolite

Y is needed to achieve the same activity.
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PCT/ EP2003/ 050897 - 31 Exanple 2 In this Exanple, an
assessnent of the hydrocracking selectivity to mddle
distillate hydrocarbons of catalysts of the present
mveniuon was made. 5 Mddle distillate is to be
undéisst ood: derei n by fbe the kewasibne plus gas oil
boi M ng r &ag& of hxdr@car bORS. okomobtain a true
conpari son of selectiviti e between catalysts, it is
necessary to conpare the selectivity at a constant
acuvunty, i.e. at the sane Treq. Accordingly 10 in
Tablueﬂ4 product selectivities for a Conparison
cat%lyst andfor cltabyst F thE HResent invention are
conpat ed encthis basis. | m Partiscibar the
seleciivities to the followi ng products: Cl-C4
hydrotarbons, C5 to 150C (naphtha) and 150 to 370C
(kerosi ne and gas oil) 15 are recorded. It can be
seef that g product~sel gchi vi ;qy\ ks very simlar.

Y N o oo e ooN
o O 0o - Qe o mNN
—
°
]
Y
%
4 Mo — o o < 0 TN o
(DN O oNN -~ O ~N N OY
(%'Ez ~ o~ o0 ® o O ~ o ~ oo
=
5y
[}
0
2]
L o
0 N
o -
Y 0
wwom O N o N o NN
:Z S ITs e Wael N ™M m M m mmm
D — < <o LSS < < <P o
O N NN NNy NN N NN
&
-
=
3
]
u}
3:: ocococo O 0 oo ocoo
a0 NN N NN 0 n ™~~~
o
N
Q
2
.
@ o
]
B Y Q
Eg - ] N [ tnm N
[0] [0}
[S] =
i)
'
(o]
S € mo [a] j2a] [£9] (/]
o
= ggg~  gom g gwe g
IS} n o np 0 PP n n PP t:
0 A A 0 - 0 n - 0 A0 » o
> M Dy D>y Dy H o>y H Dy >
— © ® © A ot @ - ® — - Q,
ro 0,0, 0 Q0 m Q. m 0 C o
+ £ EER gL =] S ~
[} OO0 O © m O ® O ™ m™ Q,
o OO (OGNS [GN&] [GRONE] -



WO 2004/ 047988 PCT/ EP2003/ 050897 32 O N 10 MO O1 N
Mop 43 v NNNOTr1l .rl 110 r -1 0 .14 4) UO
wdbjo4Wilo8 Q Nd co MMUMMMMM U U o Qdt/ER2003/850897
Adr 1lr-1 M Utf LONUOOL uluy 00Olaor c- N N
MMMM HMU N ORt7 - NWWNN) .--1 --i OE 0 o0
OOU PGMs NN Cod @ NNr-1 Q4 [-~( U-Q

C) toR to W11 NNOTrl NN rol® O01 (~ 61

- 31 -
Example 2

In this Example, an assessment of the hydrocracking
selectivity to middle distillate hydrocarbons of
catalysts of the present invention was made.

Middle distillate is to be understood herein to be
the kerosine plus gas o0il 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 Treg. Accordingly
in Table 4 product selectivities for a Comparison
catalyst and for catalyst of the present invention are
compared on this basis. In particular the selectivities

to the following products: C3-C4 hydrocarbons, Cg to

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

It can be seen that the product selectivity is very

similar.
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Catalyst 9, 4 %v zeolite beta was added. The zeolite
beta used had a silica to alum na nolar ratio of
wapproxiosmt el y 200 and was obt ai ned from Zeol yBCT/EP2003/050897
I nternational under product code CP811B-200. 10 The
selectivity of the Catalyst 9 was assessed agai nst
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 small anpbunt of zeolite
beta provides an inprovenent in mddle distillate 15
selectivity of the catal3sts of the invention. WO
2004/ 047988 PCT/ EP2003/ 050897 34 0 3 Mul fir) 14
Ek@nple)’' -D >r -A0 4] UolLolLn 01. 1t ¢ InU

Ngkuelﬁgéacyg{ ﬁ%s p§ %%f%d EL D éghng;kﬁ q%t8}é§ MM E-i
Preparatlon procedure above but w1th 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
béta used had a silica to alumina molar ratio of
approximately 200 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 given 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.
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rororo ~/1t 4-) 43 4) W(COroro & W r+ WO
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wolgaroemacki ng catal yst conposition whi ch conppPCEHEB20a5/050897

optional netal hydrogenati on conponent supported on a
carrier conprising a zeolite of the faujasite
structure having a unit cell size in the range of
from?24.10 to 5 24.40 A, a bulk silica to alum na
rati o (SAR) above 12, and a surface area of at |east
850 nk/ g as neasured by the BET nethod and ATSM D
4365-95 with nitrogen adsorption at a p/po val ue of
0.03. 2. A conposition as clained in claim1l, wherein
the 10 zeolite has a unit cell size in the range of
from24.14 to 24.38CAL B I M Sonposition as clainmed in
claim1 or cIain12 wherein the zeolite has a SAR in
theﬂrg rac ér%ngP st CO%OQSt n ATFOHEOSjtion as
in-any one-of-clans 10 hich fePRY 15 55han
m@npv@ mesad fsmrfoaeeatalro@acerﬁpcatenlteampcgg@dn@t ® 5 A

Q%EEQ@ttddm@r§§lﬂH %IEE@hlﬂé aﬁy%HHWQaQ§a£A6@ BB rdcti@es
wherein the ze%{l m cro or(g vol urre of at Ieast
I

JGVore s HAg. © RlGSnﬁb§PF|Bﬂ‘ S Hed i 0%y one
of4 . GDaIi&,rrm bulb ﬁ,llcwht@mlbmmmmmataowmﬂwesbavsaaond

Z€e0 sition in clai whi ch
AR Refir B TnBe RE (feR s anel oS o et snbts 6*%
Waieg RET gfethg zmeb|ATEY het3g>- b%lsqls;ht otafogearri er.

CIXBestidoRcas K/ FRdd rafa@yopne of claims 1 to 7
2g|ch further conprises a, binder. }g% rocracki ng
t &1 SUPOSSHHIL i Gha R AP oM %es e1gptional

nestedli tdyidrsoer acki mgleosrenént tisuppoyt eet dmoma 3014
zeobi,t g3 gpt ai nabl e by a process which conprises: WO
2004/ 047988 PCT/ EP2003/ 050897

3. A composition as claimed in claim 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 élaims 1 to 5,
which further comprises a second zeolite.

7. A composition as claimed in claim &, 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 obtainable by a process which comprises:
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- 36 a) providing a starting zeolite of the faujasite
structure having a silica to alumna ratio of from

wd 284007988 5 and an al kali | evel of |ess than BRCEER2003/650897

b) hydrothermally treating said starting zeolite at a
tenperature in the range of from600 to 850 C and at
a partial pressure of steamin the range of fromO0.2
to 1 atnosphere for a tinme effective to produce a
internedi ate 10 zeolite having a unit cell size of
from24.30 to 24.45 A, c) contacting the internedi ate
zeolite with an aciditigd-solution conprising an acid
and optionally an amoni um salt under conditions 15
ef f ext | verdoiqimgdacetathhgh euitacer amhearazpaliicke

having asubhde bl habieal 0118 £BNIR,QL, [Lom 24 10 to

24.40 A a ar Si U na Fatto  of < gr ater
than 12 5ﬁama4 SutPate 2afed dflkgtbaterelt RGN0 n2/ g,
t hereby ZBapriodigetpng the high surface area zeollte
and d) ecoverin ai h surface area ze

opt i Dnal Flﬁf Ry eé%%%}lf trgﬁjérqn 5t SBothS Gt iBY lﬁﬁ sai d
zeolite wtté %ﬁﬂk@lend@;r%nd/ﬁre aangecond romacld g

componenigsoext ra%@' 5O Apdre 2D Legb@fé"'%’f apghf )in t
nmponen

i ncor por as t one_h enat| on
into sai gg e’gémgte © f B %a'jy F’Fﬁﬁ? etrﬁeg%%\taal yst at
any stageéin¢ sffepgt{ed t@rprmquemttemdeenet@ 30 10. A

process fg5)the hfa@mgerasw@t ofe1a QL %@a%b&mafqe%%s
feedstock into Iovver boiling materials, which

conpri sed® tortalti ng the feedstock with hydrogen at
el eval ed cbetgpeariayutles amdepresisieezéedl itthewptiesence of a

hydrocrag1 L 09 cat al ¥st; S0 Itign as .claimed in any
one F P S g E,%%yzl%)éﬁom@%é e
PCT/EPZO@BF@@E@QY an agmonium 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 molar silica to

alumina ratio of greater than 12 and a surface

area of greater than 850 m2/g, thereby
producing the high surface area zeolite; and

d) recovering said high surface area zeolite.

optionally fcllowed by one or both of:

e) mixing said zeolite with a binder and/or a
second cracking component, extruding and
calcining; and

f) incorporating at least one hydrogenation
component into said zeolite of step (d) or into
the catalyst at any stage of step (e) or
subsequent thereto.

10. A process for the conversion of a hydrocarbonaceous
feedstock into lower boiling materials, which comprises
contacting the feedstock with hydrogen at elevated
temperature and pressure in the presence of a
hydrocracking catalyst composition as claimed in any one

of claims 1 to 9.



11. A process as clained in claim210, which is carried

out at a tenperature in the range of from 250 to 500C
w@npah4m4198t al pressure in the range of from 3 xpaD€P1003/850897

X 107 Pa.
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11. A process as claimed in claim 10, 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.



