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is believed to lead to the ultra high stability of the resulting Y-type
zeolite. The ultrastable zeolite Y may then be extracted with acid to
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5 to 80, percent byzwei ghty afud, e, qqm)oa te.1gbhe matrix megs i tself possess
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t he feedé%/ock with a fixed st@f Napry bed of et alyat, a fixed fluidizef
bed or with a transport bed. A sinple confi guration is a trickl e-bed
operation in which the feed is1MNthd to tri @k} &be¥rough a stationary
fixed bed. Wth such a conflgi,léﬂ1 it is dgaipable to initiate the
“reaction®ith fresh catal yst a n‘Dderate terrpérature which is of courge
rai sed as the catal yst ages, inmRngrder to m@asntabidr catal ytic activityp A
prelimnary hydrotreating step to remove nitrogen and sul fur and to
saturate arondtd esulsgrnaystratestks TablefotMovsubst antial boiling range
conversi&h will usually inprove catal yst performance and permt | ower
“tenperatures, higher space velocities, |ower pressures or conbinations hf
‘these-conditions to 65 be enployed. 6 ‘0 098 040 The invention is
illustrated by the foll ow ng Exanples in which all percentages and
proportiens are by weight unless the contrary is stated. Exanples 1 to B
ill'ustrate the preparation of highly siliceous zeolite beta. Exanple 9
illustrates the preparation of highly siliceous zeolite ZSM 20. Exanpl e| 10
iltustrates the preparation of highly siliceous 5 zeolite Y. Exanples 1;5
Sanpl'es @ zeolite beta in the hydrogen form and having a silica:al uni nh
rati.g’of 30:1 and a crystallinity of 100 percent were treated wth excess
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hydi oc.hl oric acid of ranging normality aty[err] or [err] 10 under reflu
ngi ng periods as shown in Table 1 beI ow. The silica:alumna ratio
aducts were determ ned by anmoni a desorption thernogravinetric
i's (TGA) and the crystallinities by X-ray peak area determn nation
The results are shown in Table 1 below. TABLE 1 15
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Ex. - - * Treatnent [err} Crystallinity (% 20

1 0.1 NHC, [err], 1 hr. . - 40 100 2 .
N HCl, +95', 1 hr. 40 100 3 1 NHO, | B}
1 hbr. 490 | 60955 040 2 NHC, 95 1 hr. [
280 : 75 5 . 2 NHO, [err], 2 hr. 400
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bott at anbient a d nildly el eQFS'PE‘H“ZE"é‘Wp‘grza?'ﬁ? 8% although the degree of
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Use of 5nore concentrated ackd, as B@JEK@anI es Y0#,4, gives a far greater
degree of deal um ni zati on; @ stight—tossof tedfinity occurs but the
product remains essenti al I y % cryst af¥ ne zeol ﬁoezsoProl onged treatnent, as
shown in Exanple 5 produces # furthepgincreasegsn silica:alunmina ratio with
a 35 relatively smaller loss in crystallinity, indicating the greater
stability of th'e zeolite to &cid, atta%k at - highe0r silica:alumna ratios.
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4 hours, fo ovved by heating to a final tenmperature of [err] over an
~addi ti on&karﬂplhmmrs The [err] so produced was ammoni ated and t hen ammoni ym
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H 1
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wat er erHﬂnﬂ)‘ﬁ&ﬁ'Déﬂ&&n@&ﬁ@dllbWed Erheed.s aea&snt.aaioa a HdDys. Was ammm ate
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at 8150C ERS rggiﬁ; gge?e;% Tfy geiagking, {;'H{ &?s AeET LSRR8 FERS
cool i ng Re cal Cr nea. Was sturried in 2.5 g zeolite per 200
m  wat er) and 1 N HCl added slowy to obtain a 0.2 N HCl concentration. The
25 slurfy was refluxed for 1 hour at [err] to form deal um ni zed HZSM 20
(USD) which was washed with water and dried at [err] The product had a _
silica:alumna ratio of 226:1 by TGAI NH3 desorption ([err] helium sweep),| a

crystallinity of 55 percent relative to an assuned val ue of 100 percent fior
t he orisgi nal NH4ZSM 20 ' .
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#(crystallinity by X-ray peak determ nati on) and an n-hexane cracking '
.ractivity of 0.01 conpared to 0.76 for 30 the original NH4ZSM 20 (100>
sanpl e at. [err] at 13.3 kPa in:helium sanple calcined in air at [gr
~prior to use). Exanple 10 A sanpl@&:098 M9 zeolite having a silica:l na
“atio of 5.23:1 by bul k assay was cogyggt£d to 35 ultrastable zeolite Y by
--amoni um exchange and cal ci nat iggRuiihatidnt éfQgétite ¥s descri bed above in Exanple
9\4 ol | owed by ammoni ation and ammoni a exchange and deep bed cal ci nati.on at
w[err] forggdoours in a tightly packsit/Asd cov® é‘gzoer uc‘?‘fﬂ"'ﬁg aﬂ:HEV ulghgstabl e
zeol'i tse dbsdriddS) SO f orPrembratial agaitkaarityni at S AHY anmofil Ui exchanged,
ol | oned—py—deep—edTatcimarion at [ghg] for 3_hours. Sanples of the
‘ul trast aP€ zeolite Y were then extracted with HCl at [err] for 4 hours,
-usi ng di fN}‘e\;(ggt 40 acideeeongmnt rati ons— The ext34icted sanBPs were Then
“anal yzgd 106r structuralcosered ca: al umi na-rati o by bul k assay and [err]
:desorption. The n-hexane cracking activity was al so determ ned using the
_sanme condNHYBHPIAZ | n BRGnDPE 9. The results are set out in Table 3 bel ow.

SR

> 45 50 55 60 65 8  TABI¥®™® Deal unination of zeolite Y Sanple |
Slerr] . [err] o2 NGiaACdoiaig act sty 5 408edef pti on 01 -
. Preparation bul k assays [err] n- hexane - . Al pha NaY
5. 23 - - - - [err err], 3
hrs NH,Y(US2D)0:5 0-3"::%'.%76 197 O. E34 1})3 0.153 | 735] o
_coverega [err] ' [err]; 3 hrs covered 15 ' 0.2 N
HCl, [©rr{n,ywus201289. 5 2.0 N HCIAGrS- [ err - 0.11 - S [ephl
0.5 N HCl, [err] 4 hrs 4hrs 1997 102743 g dood 0 by
735 20 [err _ Cl, [err] 4 hrs S 279
1027 NHA“US[ZB’PF] °-§“h?,§'9" %‘7&_‘0.4 [aor]  36—752" 0.2 N.0S8I, [errf 25
4 hrs # 10 36-[err] : 0.095 Notes [err]

Initial vabie prior to calcination at [err H decr : i@ tid §&AL T on k.
above [err] ‘initiaT@ye frior ¢q catzifation ﬁt?ﬁcié'?éﬂfgé‘ffgﬁ g’é'ﬁ%ig%%{rgﬁgg gcfe ‘?gt“t ter‘rfir] at ;
125 Kj [ err]*Caerlasdafp @irpa $nd fA1PERT el ng ‘catal ysts prepared from zeolites
X, Y'.\..\Z‘S xa(zfﬁ(,',)ﬂlea beta were evaluated for hydrocracki nq% utsi ngeag’ |,ﬁ\rtgéfLri_ght
Heavy\ Ga&H rﬂgg@g cABydE Pebprec kroat zekDGs 225G, ZSNHRY apd petapwars OF 1424
[err]/hy dp&sé’i&aa@usa@gm ngn Hayy GapQit by GRhasferdptpekat 59°m7a4§98'a78§°n‘%'r Cl ;{r)°

hydr ocr ackswigrazdan.bll ¢ aPRR-j ng of BIINIRG Satdhfst dBRefeting of daGal adbunts na i
rati.o about T aipy afﬁaﬁ;ﬁ}ﬁeg‘bﬁ {féfﬁ:&'&éﬁ h ﬁ:ﬁaalﬁﬁgépﬁp@em am?ﬂ'mﬂ with) abait 4 |
about 4 F?éef ‘ﬁi 11&%’3@3 t MhgBteR GRBINt ksl Hgsydnopmiwesimpasenthe hydr ggenat i on
conponent” ey, Ysm46 taaeulitels esedl hadsilica pluginggities pibd. ’JOT;}Q%% 1:@%@%;?,@& 0s |
of 5:1, Uuboanthg3staiors mewrmvenersgerys IR IR oo bou ércon ]
pr epar ed ss_pg;‘raggsgi;ﬁg rig%ﬂs‘tg!ﬁ'%‘f%h%fﬂﬁﬁ'ﬁ' golite (l'ess than 0.5 percent 40

sodi un), P P PS8 ual anpunt L 0 IR Abedl BAme MeticdD He@nRaE t O
contai n aboue addit @%QF‘*V e g (U rqo).miﬁg,\fn&ég%' &nﬁﬁ%ﬁmaﬂbafaad.am:n_mﬂwagh| y
Si | i.Ce-Ousegggﬁr? o thd Dabite aWeN ot Abep azeet] ThyhigthaliceraechigYowasaised in Hiedareyy
Exanpl 68 o aiiermldihd caiisinatianbut & gervenk Bicke] ank 2 dergen fupggiany ! high 2 "Far%%@?gmﬂﬁﬁe
a0 of shabuenintaGummediyapproh N SN T A i o
about 220_ze]g_|ite§'h@rq1rfglﬂedsj-“ra egez%gﬁ:‘t%%gq ; Wp e Owdrd) thenCsided 6 0.35—0.5 mm and
Alpha-Al,0,} and’ calcinec O¥erd monium metatungstate to obtain 4 percent nickel and 10

impregnated with a solution of Ni{NOs). and ammonium 1 4
50 pel?cer?t tungsten loadings. The catalysts were then calcined at 500°C prior to loading the reactor. Before

use, the catalysts were reduced and sulfided using 2 percent H,S in hydrogen at -370°C, 100 kPa, 100 ml
min-! flow rate for about 14 hours. . —
The results of the hydrocracking test are shown in the single Figure of the accompanying drawings

which relates the distillate selectivity io the structural silica:alumina ratio at different conversions. The

distillate selectivity is defined by reference to the amounts of the 165°C—343°C fraction and the total

343°C-fraction in the hydrocracker effluent as follows:

165°C—343°C fraction (wt)

Dist. select.= x100
: Total 343°C-fraction {wt)

60

fhe results in the Figure show that an increase in the silica:alumina ratio 'of the zeolite results in a
corresponding increase in distillate selectivity over a wide range of conversions.

65 The catalysts referred to in the Figure were as follows:




The high silica ZSM 20 was used in t he rragnesi um f orm produced by--ex
with'4 N MCl 2 solution at 90C, (ﬁﬁ Pydrying The zeolites weré
. mulled and pelleted - with an equal wel ght (dry basis) of Kaiser alumna
\-(hydr atedl Al phdii- Sl%ﬁdiz@aba!alwedaawenrﬁ Hsrluatalutﬁﬁmand'hemjet)t ets were then

; 45 earth form and contai ned about .2 percent nickel and 7 percent tun
s

si zed toY 0. 357 §i-W/ 2/ f Eg%ﬂy'c (s' ’F%ﬁ% err ij] and ammoni um
at un at €, ), i sg é h La Len
| oadi ngsgry Thea RANRESAL . BBk & enqa dferzanta" lo%aA Bdioe

react or. Bef odago oS5®5:1)f he cat aI ysts were reduced and sul fided using 2
percent $26 A NiydMofdh2Gal, eqata]vstlba}edtm thg OGohid sificepys] MpZSM20 &f Exdraple About
14 hours. Thelstiggaiypiaa gfio19h&20Ydr ocracki ng test are shown in the single

Fi gure 00f tTngth?e(é%ﬁ)rmque Fgurgi\ Qﬁ.séé e‘%\h&rbw# tg lh@tsﬁrﬁmﬁﬁ £ aﬂn"t J'rJ rgt‘o of the
select | Viebiite bOcoh d 80 pérbeht BnddhoWahdt @e! seleativitylin &E@Rﬁh increasing
conver si arms'curaTbmcachusrtmd tatib.e selectivity is defined by reference to the

- ampunts Ofﬁ;ﬁhe 16@%0—{err] fractron and the totaI 34SC-fract|on in the
hydrocr a Ih t | % e RS t he ure SQ%W t hat
ani ncremcra@k..f Gt LR Hab O Blae 3 258 %’ % "é’cr;'chaﬂ ré”ééudtg riétfé |
COr I eSPORN Bfind, RAVIRASRICUA str..ﬁtaudntnaat RHISL femhl idt 20 @\resrpe@vm e lcRRPR
conver Si NMeMgZEM-20/A1.Th ehyiadceakkigt Sataledt eldtee dli,t W% Wit ha E:ogurﬁaowerree aeedétodkl oWs:
0 O%MNEOW(COUG't'OnsNSﬂanW'RE)G WF' arealtoeunyfstabba@eelw@nmmsxanng that the use '
(silic¥ afrwrfa'?ea miga gtiogi ngg'g bipad o wioner o oqen copPYRRET v e BEgR sHFcd on

MY (sil Yca a um ﬁ'ﬁ“?% foguo' y a"ﬂdjaphtha A N -WMZSM 20/ [err] catal yst

based on MyZSM 20 (silica:alum na ratiaeu®h 10:1). B A

Ni -Wl\/g betal [ err] cat al yst HBedewacking biprZ8Ma20ze@wlvst e (silica:alumna ratio
of ; 30¥) 5SY A N -WREY/[err] catalyst based o he hrghly srlrceous
zeel ite REY of Exanple 10 (silica:al um néﬁlar'%ﬁr 0 %?1275 SB‘ 820 .

Ni { WMyZSM 201AI 203 ZditalsysitaLbased on the bighl yegi | i cesurs l\/gZSM 20 of

Exanple 9 (silica:alum-na ratio of 220:1). 10 The three curves in the

Fi guresorel ate the diteipl fGat e selectivity to the43ructédt3al silica:alumna

ratti o of the zeoli teP astsurcor}versr ons of 40, 60, &80 D cent and show t hat

the selectivity incredases Pt h i ncreasi ng struct'ural I'ca:-alumna ratio.

Exanpl es 12 and 13 lfwsy, 1 hhe effect of varying todve strugzt ur al

silji cassal umi na ratio of the zeolite was denpnstrated by hydrocracking an

Ar b Li-ght HVGO overHanfgsM&®r#sased hydr ocracki §%cat a8t . The zeolite was
din tw fornms, rkaﬂ] LY, structural silica:al uaaga ragé s of -10:1 and

22(: 1 respectively. & cat al yst was a Ni WMZSM 20/ [ ef r'f hydr ocr acki ng

catjal yot (4% Ni, 1084 cohéundptidbn zeol ite:[errd). Thesd eedss2ock conposition,

corjditi ons used and product anal ysis are shown |n Tabl e 4 bel ow,

denonstrating that AB¥sitjse 20 of higher silica:glumna.ratios in the

catjal yst lead to a | R hydr ogen consunption wi hoa h?éher distillate

yidld gnd a decreaseg, ggeduction of gas and naphiha. TABLE 4 Hydrocracking

ovegr ZSM 20 catal yst 25 Charge Ex. 12 - Ex. 13 Zeolite [err]

10:{11 220:1 30 165—343°C : Tenmp, € 284 43.3

413 - 413 PressuLg.~ kPa - 00 7000 LHSV,
'1%' o - '5_"5‘:* - 0.77 " 0.54"35 [eff f Appr OX.

- 1420 120 PEiaNYEr Si on 40 21 24 - 58.5
59.19 40 H2 Consurrptr on ' . - 1165
702| Anal ysis: Gas+C4%% TBP, °C 562 _ 512 5.3 2.4 45
[ery] Clai - 23.8 14.2 [err]

: ) i 43.3 3430C+ | 100 41.5
40.11-50 1. A hydrocracking catalyst which comprises a hydrogenation component and, as an acidic

component, a large pore zeolite having a silica:alumina ratio of at least 50:1.
2. A catalyst according to claim 1, in which the large pore zeolite has a porous lattice structure having
60 pores with a dimension greater than 6 107'® m {(Angstroms} and a hydrocarbon sorption capacity of at least
6 percent.
3. A catalyst according to claim 1 or claim 2, in which the zeolite has a Constraint Index from 0.5 to 2.0.
- 4. A catalyst according to any one of claims 1 to 3, in which the zeolite has a silica:alumina ratio of at
least 100:1.
65 5. A catalyst according to claim 4, in which the zeolite has a silica:alumina ratio of at least 200:1.
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Pour Point, 'C | ,40 - 21 - 24 9.5% TBP, C. '/}'x
552:3 7 512 - 507 55 Caims 1. A hydrocracking catalyst which /

rigses a hydrogenation conponentg yys 0ad an aci dic conponent, a |ar
=X} eolrte having a silica:alumina ratio of at least 50:1, 2. A cat al yst
seli ng to al mwwnﬂx/&oa—mtﬂhcdatahheb#saﬂ éﬁg ‘é“‘%&ﬂ-l"i“t’% féz Bdkous lattice

s t ur ¥ havia -WSIG‘Q @ﬁg? "éﬁ gtro]ofm,(,frngst rons)
a hya ocar‘ %9@“ o: ?,a’a d ARbIIG (IRS: enemtna ratio & a2l yst
accor di w}arefmro, ei:éym: doR tnuhnignh stliﬂe:uz eolite REY hf@araplé:ammmaaalum-na

| ndex f% gm 0. &'Bbe?isﬁr 4. A catalyst according to any one |
i n whi chsizhe A;Ui VMg ZRML0/4. %CZ‘?‘aﬁaPﬁﬁ’i’r?& that gl filicgous M?Mféog} "36‘3'9 g 5

A cat al yst acé’diFEfF'H@”Fd’a'é‘i g in which the zeolite has a silica:al un na
ratio OL &a%%g §J cumgmjthe ﬂ&lre relath tHY Sistihdfe sdectivity toﬁneNtruWrBEW:{ ﬂﬁrhina €atib af thet
based on f‘a SoriveBRNAbAKD] 6 and180 percent 4Rl Srod) thatythe sefkctiity WWEMg38S [with rifjcreasing
cat al yst steanea siwa:Mgvinggptid.-ca: al umi na ratio of 5:1). 20 A

Ni - W MyZSM 2 /[ r"]dy%atal yst based on MyZSM 20 (silica:alumina ratio of

10:1). B Exa?ge e Mimdahé/slr6dirhi Sifidadivntiha Raweer @R Mambela daminktRed by

(silical alatBiriRing 3h ARbLRIGhBIVGO oveda B5M-20 based Mydrdérbiiiv [catalydt. Thabedliiestas besigal on
t he hi ghlwyo $irink.creeins szmralt%llcREM"ma En @ 119" %ﬂolh f@epeeﬁve'm e qatplvisbway a

75: 1) suwwzwz, i sl SR AN M S el s
I\/gZSM 229 z mt’%m? , su vaer 'tld on with a High iHate
curves 5 gg,br,é%sgoeb,aa&t,s ss nrd gﬁtﬁa sel ec IVI ty o the struct ural

silica: aI um na rati o of the zeolrte at conversions of 40, 60, and 80

percent and show that the selectivity TABEF dases with increasing structural
silica:alunina ratio. Exanpl e'éydi‘?'aéh'ag Per1Z5M-20 q3ivsht f oct of varying the

structdfal silica:alumna ratio of the zeghike Was, denonst fat ed by
hydrocracking an Arab Light HVGO over a ZSM-%-O—base—d—hy-d-peePackr ng

catral yst. The zeol it EeqltesSPz8E0i N t wo f or ns+ havi ¥t st r 28@:dr al
siljica:alum na rati os of IsJ_‘O 1 and 220:1 respectrvg;lly The, cat al yst was a
N|WNQZSM 20/ Al 203 hy8TBcrracki ng catal yst (4% N ~10% 1:1

zeal iter[err]. The feadslQakaconposition. canditimos usedornd product
anal ysis are shown in Table 4 bel ow, dermpnstrating that the use 20 of

hi gher silica:al uni naHB¥%tibs'in the catal yst | eadd¥ a I%fer hydrogen

consunpiion with a highe pllstrllate yield and a rea producti on of
gas, and napht ha. TAB'% 'r' fPBO* acki ng over ZSM Zg&gat ars‘?/g"t 25 Charge

Ex.' 12 Ex. 13 Zeolcot,@r{.&.rr] _ 58.5 599 10:1 220: 1

30 Tenp, [err] 413

413 Pressure, kPa  Hz Consumption - — 70001165 707@6 LHSV, 1 [err]

- ;0. 77 OA§3y5$s5 [err], Approx. - 1420 1420

Conver si on Gas+C, 58_5 6.99.9 4diy '

[err] Consunpti on - 1165 702 Anal ysis: Gas+C4
45 6.3 2. £s485°C : - [err] 238 . 142 .

3.8 14.2.165- [err - 28..4 43. 3 [ierr]
100% 41.5 %‘?ﬁe‘ﬁour Point, [errT 284 _‘%'3 40 21
24 95% TBP, [err] 343°C+ 552 100 51215 &7 55 Cainms 1. A
hydrocrsackr ng catal yst which conprises a hydrogenatlon corrponent and, as an
acidi c Pour Point, *C 21

95% TBP, °C - 552 512 507

55 Claims

1. A hydrocracking catalyst which comprises a hydrogenation component and, as an acidic
component, a large pore zeolite having a silica:alumina ratio of at least 50:1.
2. A catalyst according to claim 1, in which the large pore zeolite has a porous lattice structure having
60 pores with a dimension greater than 6 10~ > m (Angstroms) and a hydrocarbon sorption capacity of at least
6 percent.
3. A catalyst according to claim 1 or claim 2, in which the zeolite has a Constraint index from 0.5 to 2.0.
4. A catalyst according to any one of claims 1 to 3, in which the zeolite has a silica:alumina ratio of at
least 100:1.
65 5 A catalyst according to claim 4, in which the zeolite has a silica:alumina ratio of at least 200:1.
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, onent, a large pore zeolite having-a silica:alumna ratio-of at |leas
3 1. 2. A catalyst according to claim1, in which the |arge pore zeol
s a ‘porous lattice structure havi n&g res with a dinension great
than [err] m (Angstrons) and-a hydr (&osor ption capacity of at le
ercent . " 3. @\ ACaha)sy Sdcording % Gy bhel & cfabrld el 5,0k whichHith ol the
7eolite has HAC&IS?}S!’ adcé’rﬁmgndﬁeg/n brieCoh clirs 1 o B, iR whith the égﬁ:gr:;'gé:::ggsﬂfzﬂ' ng to
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der G uﬁspea&dif% éﬁﬂehii ‘\Z@& ik @"ﬁé@ 1 é&% BhfcaPpsent 1.
- Kat al ysat or U rEla Qlﬁ;ﬁblﬁ b ﬁe une structure en
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Kohl enwasser stuafcétalyseur selon la revendication 4, dans lequel la zéolite présente un rapport smcelalumme d'au
i 55 moins 200/1.
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. Ausgangsmat erials in Gegenwart von V\asserstoff und unter
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‘'une quegcomqmn des revendi cations 1 a 7, dans |- equel | e conposant 5

d hydr ogdnati on conprend un netal noble du groupe VIII A de |la

Cl assification Periodique des el 6nents. 9. Un catal yseur selon |la
revendigation 8, dansolequel | e conposant d' hydrogenati on conprend du

. platine, du palladium de |"iridiumou du rhodium 10. Un catal yseur selon
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procede d' hydrocraquage consi stent A nettre en contact une charge
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revendi®ations 1 a 12. 14. Un procede solon |a revendication 13 dans quuel'
| a charge est mise au contact du catal yseur en 20 pr6sence d' hydrogene A
une tenperature de 230C a 5000C, une pression de 500 a 20.000 kPa et une
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