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-3 : zeolite is protected: fromthe extrene pH val ues that may be

gncOunter%ﬂ;”E#}e preparation of the hydrocracking catal y%,ﬁ@g,b%}tsf:s
e

can be suscept! to high and | ow pH values; if they are contacte

with media having a very low or a very high pH, there is a risk of the 5
crystallinity of the zeolite being damaged. As nentioned above,
hydr ocracki ng catal ysts generally will contain zeolite particles in a
support material, in conbination with one or nore hydrogenation

nmetals. The preparation of the catal ysts may take the formof the
zeolite beiHMSRQG%%GﬁINﬁ CATALYST OMPB DY INGT CAATED SCRAGKING CAMRONENT RARTEGLESO
aqueous nedi um Such support material precursor-containing nmedia tend

to have a |_ow,  or eyen ver¥, | ow pH, which may |lead _to the zeolite

: 1y €0
bei ng danad8fl. 1MEELHYHMASEERHLS 3R Aehydrochrekipgt edtalnebreBPat Ha9i peated
the catal yparvices npfe@nadriacking t dompbnentRr @Rt a@n 2861 {tlel QPare oéMedl, NigRg
wat er sol ubl e sgl ts Pf t he hydrogenati.on netals. Thia i npr.fjgnat ';l'on. 15
sol ution i $3BFIARS nPYHTY FAERMOUS| Fraghdng ccampprents sught 3k t5ddToq PAUTIRR,
sol utigon, ot smitysesaltheredfy wikichberdaoatedwatiewn Byorigeniygogbdd.ed wit h
an inorganic oxide, in particular wth alumna, prior to its
i ncorporation. into the hydrocracking: catalyst, the zeolite is
prot ect ed AB&iHdt rAfYH nasimbistry seommont ypempkdyseBydrocaackingepracesses 20

hydr ocr ackicpgyerat ﬁ&ﬂ%ca@r‘ﬁomfeaﬁ@eﬁke‘&'@w&sc‘wpbi‘&ﬁﬁ:_‘c? bES$ TARRIBSHiagd
hence nore actlvg, zeolite than wou be the case if the _hédrocrackl ng
catal yst wERRE& 0 RIhBrPeessEn IRl ABERsYiag the feedstprkwith ydipaanedtt hat
aﬂ_ aﬂ aRt ?gee\aiteaheemeawrecapa_epi~etslsasé<iumger Zﬁne in¢Pugrenest akrtatiiytskes

ic o] ti.c -an nor us . cracking. c onents
IS that t.hg%ﬂyég%g%ﬁgﬁp.%thzcﬁgﬁa]lngﬁ%n% Eﬁasﬁbpelpydcr)'ogena%%icropegqqng,'an 88y the
cracki ng s8oifienetompopentt i wWhiecd efdectsy theheactual crrapkieagnaiThen cetaltyiab
hydr ogenat |, I Thi : i he. hinder8GhiNlilY O he.;catal yst.
30 Af uP?’hﬂae’lr??ja%llv§1]nst°arg;éed?nt‘#fl_i %%fe AJE%L&%? r%;og? e%l1 n(:d re gcski'%*r:\égghtgghpfcr)rr’\éen%ﬁ%
particl es, crackingcampasiens e d5i eaetal 1 4msi pfusa  a80lddRpAare@nt @meyphous

correspondifgeking compbR@RL, EBUE MdPt £rsRabd 2 témbinatidmey bR, be extruded nore
easi | becau{ire rackin thr?c}éeggggva%e aesnelrgllmegaer"ri%a <|3Jt ta@eg/ \llfygsrseurtéh{en %Iede '
vmthwhmh-‘(_&ﬁ?%gp 9 atly 2 P _
range of about 100 to 250 bar and a temperature in the range of 230°
to 450°C. In the context of this invention hydro_cratking processes
include all processes in which hydrocarbons are cracked in the
20 presence of hydrogen, including, int. al., hydrodewaxing. '
A more recent development is-to carry out hydrocracking processes in
reactors commonly employed for hydrodesulphurisation and/or
hydrodenitrogenation. The cost of constructing “regular® hydrocracking
reactors is substantial on account of the high pressures which occur
25 during operation, and it ha.s been found that even though reactors
designed- for hydrodesulphurisation and/or hydrodenitrogenation do not
permit - such high" pressurés,  achieving a certain degree of
hydrocracking, notably to middle distillate, at these lower pressures,
'say below 100 bar, is nevertheless becoming increasingly relevant.
This type of hydrocracking is also referred to as “mild hydrocracking"

(MHC) .
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4 ' coated. This nmakes it possible to incorporate nore cracking
conponentwo9s/33s6zparticles, and specifically nore zeol u:tqmppggztlgpl es,
into the hydr ocr acki ng catal yst, thereby inproving its activity.

"Thi s advant age IS so great that it becones possible to prepare
hydrocracking 5 catal ysts wi thout any additional support material at

all . It should be noted that hydrocracking catal ysts conprising an
al um na support in which the cracking conponent particles are '
partially coated with alumna &e known in the art. However,.

In those cases, the 10 alumna coating is fornmed in situ accidental ly
during the preparation of the catalyst; the cracking conponent

Par il s, Fherd1ofs A afhekhithg need i ArBERRGnE "B AL NGALROTA o

into the hydrocrackin e present
appl i cat i oAMPNGYEdd W'@rvéﬁbe tﬁ@tth/eehn nor‘mal:odudﬁgerardsﬂm;d and situ BUdi ng

Lhe Prebar yusstrabidies cate) et Righoldd saiegtiviay, Wby g eamheed on
parti IS i
o e on GRS TR IROn  Jhacpteselt ¢ yimeention  RIRELIRY ofHclbl &N | dPpESYRS:
possi bl e t ayérmuraekingaicatohisitng Thekiyad ok pasking cata]g@t ddrardingerty ahacki ng
conmponent t he n in
SPTRONT BRVertSoR, bbidriREs CRMdendtichifierals apd 'd"SrkkTRd b
particles ahech:oas e¢ivharh oxizge! Héftor@‘atchmg acemponent, | eitoAporRALERNOUAL O t he
catal yst, I@lﬂg %p@ﬁﬂ&esso?nda”ﬂﬁxﬂﬂleurgfa%éch wh1EEy56aac|a|W§Ht¥s°f the

coating can e c EP- A descri bes a hydrocracki ng‘
cat al st sGhQ%ﬁS‘-Itér'fs@rd tife that at dgavlr $P%nof othe apukheRt isUrfanedrdfcatdidns,

whi ch ~ cat aty¥&ding C@cmpbhems ha8 been coR€&d asth-4 YRgereot Iptrevvdwsw farmebieen

ted th al b |1 I
cotution am&g%%??@ SR Rr nag, 2 BRGUPEES bR rnde 3R Y P 8™ "2 ©
amm_ni a, bBhuns, mausicngmﬂlurm matheorange of dOenm ftiot 2tem.0The lo&ideedbyer has .
part [ cles BBeh SPpT RHD 118 Ll Arg SRt 1 ed0he forRthd B (A ALILD A o1 L0

formed al um n situ coati ng
proviged oh"QQTQOY'atEd 12’@2)Ith§eh.\1§|£ﬁ€‘"3(9ké§9 Wtﬂ%ﬁ’is of the process described
in the above- menti oned Eur opean pat ent appl i cation is

unsatlsfac&? antr.] %ramework of this 1nvent1on reference  is made to coated

cracking component particles, what is meant is that at least 50% of

‘the outer surface of said cracking component particles is coated with

20 a layer of inorganic oxide, which 1ayei‘ has a'thickness in the range

of 10 nm to 5 um, generally in the range of 10 nm to 2 um. It is

preferred for the outer surface of the cracking compbnent particles ‘to
be coated to the fullest possible extent, up to 100%.

It is noted that within the framework of the 1nvent1on the term

zeolite refers not just to aluminosilicate zeohtes but to aH

® materials functioning as mo]ecu]ar sieves. Preferred zeolites for use
in hydrocracking catalysts will be discussed in more detail below.
It is. further noted that within the framework of this invention the
term amorphous cracking component refers to all amorphous cracking
30 ~ components which are known for use in hydrocrackmg These components

will also be discussed in more detail below.

The use of coated zeolite particles instead of uncoated zeolite
particles in hydrocracking catalysts has the advantage that the



WD 95/ 33562 ' _ PCT/ EP95/ 02132

‘5 ; intended to enploy the thus coated zeolite particles
b a wo osiyssspcracking catalyst. In the first place, tHefgpdsia[¥?
indication that the coating obtained in said European paten%
application is conplete. Further, in such a precipitation process
there is only 5 little attracti.on betvveenthe particles to be coated
and t he oxi de, and it is quite possible that substantial amunts of
oxide will not precipitate on the zgolite particles at all. Further,
t he adhesi on of the coating to the zeolite particles is not always
sati sfactory. Additionally, the alum na which precipitates on the

zEeoI ite partiedli¢se Q@ prdtectéw ifromi ttthecoeaitiraﬂe prpﬁce\&ﬂﬁés inﬁﬁfi ¢ ite said
ur opean pat Lcatlon...l atlv nor ure.
i oFCn0) e Gbynterea ARRE Hich@Parioh, of ThF eRodrackiRE RABH Rt Yrad Thet
cracki ng actdani bg; susceptible doabkgh anddiokaptbonludésseds they arercontaoked and
light gdasesgtp fia hasvmbn&%gyrw B aZ‘%Qh' 'R gRAH | Eh R ol ?‘ij?lé""otfhthe

rel atively anorphgus na_i nt acking
undesi rgbl e QYaEkilHgiket phi ttpe zeolite ﬁ@ﬂi@d dagagee. cé% amwtwnsd) RBENRI ng

the catal ySth)@rﬁ@%a%ﬁhg“da‘talfSts generial Ggll e 1dli §édt|a|1ﬁtfé‘bhte partﬁ:lfe'drh*ﬂ%r
drawback to the i,n situ.c ng%ggc sdlsckosed in
t

vatent appl iWRPPEN BRtENiEls i oRy WHe: 88t Pro Moss hydrasBablon ne
protons, or metalon Theequreparatisnchf asheangatal ygosi mag, take the forheofetdd te

can be, and z%ftl? Heln e?ﬁ%@i“%?h%tg %ctﬁgggrat#)ﬁg Eg&é\@rgf matema]tﬂr?ao | des

are to preC|p|taeon Fhe oMt m na
coating, al wuabusmmedhdn. BhEl suppart Menta\obrenureomcoowsmg mediahtertd may

detrimental lp, Waf/@c& e Wrolé%ﬁ ' f‘é‘yoﬁgthHZevﬂh'chemafWetaBeEo th%s zeol$ {18

very smal | hydr(OX| e) particles e I'n situ coat mg
process may BiBEkdanigepor B¢ dwdregenzeien tn@tals are often oingerrer@tadoi ot he

abgvet nmenti Qm@gc@hasyﬂva«ghame hatiile@ Mmt ah 1| regnatmﬁ'sbﬂlutffoﬂrE@’Qmﬁid@m na,
an o} avi.de ro npr n
cracki ng %Sﬁeﬁ& b\t}]\%t ﬁaﬁ O\r}g‘(? ﬁwﬁ Ha@ metafs fﬁﬂlsug‘“?f{fgﬁﬁgw"
i nprovgg m dall et thinsti s | ¢ tea beghe]gt basitty &F thenpenléde tis aontacted odtthl §tsits Wi t h
a conpar abl g6 P%S' {sorergtﬂh'lﬁw Hn‘ﬁeszﬁéjldghg édsantﬂf Bg beingO&2dd withe
present |nven I on Fovi crac 1l ySt
1norgan1c oxide, in part1cular w1th alumma, prior to its
1'ncorporat1on into the hydrocracking catalyst, the zeolite is
protected against high as well as low pH values. As a result, a
20 hydrocracking catalyst is obtained which comprises a less damaged, and
hence more active, ze_o]ite' than would be the case if the hydrocracking
catalyst were to comprise uncoated zeolite.

It is speculated that an advantage of the use of coated cracking
o5 . component particles which holds for both zeolitic and amorphous
cracking components 1is that the hydrogenation metals end up more
.specific31ly. near the cracking component particles during the
“impregnation of the hydrogenation metals. This will improve the
activity of the catalyst. L
A further advantage of the use of coated cracking component particles,
whether zeolitic or amorphous, as compared to the corresponding
uncoated counterparts is that they can be extruded more easily because
they behave, as it'were, as if they were the oxide with which they are
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6 conprising a cracklng conponent the partlcles of whi ch have been
coat ed usiwopgsrsesszously forned i norgani c oxide. The o?&ﬁ:l,ggy '
coated onto the cracking conponent particles by way of a 3

het er ocoagul ati on process. That is, use is made of the attracting

force between the coating particles and the particles to be coated,
which attracting force is caused by the differences in isoelectric

poi nts of the various conmponents. The prgsence of an attracting force
results in a high quality coating. In this respect it is noted that in
the process of the above-discussed European patent application the 10
preci pi t at icoatqut.oTkbs makesairtr ipesisible & imcprboratabhmre 8rackihg ecompoddie

Coated at BaH S8 b ot TRseh i ER TR el T bEC BUTSRRY Crintpe the
coat ed zeolh}/d@qb‘aehr@l eatalysbe theveby mmp oy iogit Hisy sct ivd tyr dihmg advantage

i nvention pgy Qe gféf‘a‘%ar tW' L{ BEcARICT pRRIbI & rfgrepr%gﬁﬁél Pﬂ‘&‘?’?cﬁﬁlgh

Anot her advant a drocracki ng catal

i nventsi on CPEa]tyﬁg\? W‘tb%'fa@% aqﬂti?{@]pﬁ%@ﬁt mqtﬁ\"/‘é@ﬂt ia5naklhe oxide is
formed prior to belng provi ded on the particles of the cracklng
conponent ,

P! .
crystal i ni %ys,‘“‘noaih 9§ Eail%‘Pgdpyf‘%‘QﬁraCk‘ﬂﬂid?afﬁai%%‘ﬁ §°‘"R“Héu’8¢|a§‘ Abimingy of
small in ssﬂppofr(brmedlhmxm ddepardckéhg componenteparariches ane garatkilygcédtedpor es

eds of 2N S fATRONGRE  knoWit i e art. Holeldle P led cAER| e N

used a crac onen ueou§ npri se
few gati onglwmah@oﬁmm dopeed: dat etu accideptebly rdgrm:,gmtheeprapheateow Il be

no repl aceHP“iheOEaPaﬂ%Q“Stf@r cPEAAG omponert! %SPfﬁ%§ érfé hB? ao%%d bR th

lattice. g crack |n% co%onent particles present:
hydr ocr ackf H§Vida: Bgfpre they arg mcogpergted ime ’th%'enﬁdrﬁ?faﬁﬁlnﬂ)éaﬁﬁb‘ééped by
cont act i ngag hes pamlsageﬂs in the tpoefentcapbbitdtayhNoTHe rﬂﬁdlﬂemftél Béﬁwe&hze in
t he range t t tainin
particles QéﬁtQ’né% ?OA‘% e—éﬁé—d) démx\é &epapg.ﬂ’%'g#qgﬁavf nﬁ'e Caﬁaﬁﬁr)‘ |aé|9 si ze
in troi rapeatiogs abiclh aveompphied on tyheefenamking 10ompone0DO pantiolesh t he
rati o-bet V\E@fbrﬁehfnooﬁ'sdﬁhé{aﬁ:hécé ting form a : the
cracki ng conponent ?I’tIC es be@néng ° étzﬁm ﬂ@cﬁhg?a%%ﬂgéeeéé_iﬂ#ofxa 5: 1.
uncontrollable; it is not. poss1b1e to ensure that coating takes place,
~ nor that every cracking component particle will be coated. Further,
the alumina formed in situ will be amorphous. In contrast, when the
20 cracking component. particles are coated with oxide before they are
incorporated into the catalyst, the coating process and the nature and

crystallinity of the coating can be controlled.

EP-A 0 499 799 describes a hydrocracking catalyst suitable for the
25 conversion of aromatic hydrqca-rbons, - which catalyst comprises a
pentasil-type zeolite which has been coated with alumina by contacting
the zeolite with a sodium aluminate solution and raising the pH of
'said solution by the addition of ammonia, thus causing alumina to
precipitate on the zeolite particles and so resulting in a zeolite
part1c1e coated with in situ formed alumina.
However, the quality of said in_situ formed coating prov1ded on the
zeolite particles by means of the process described in the above-
" mentioned European pétent application is unsatisfactory when it is
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7 . It is noted that GB patent specification 824 825 describes a
progcess WO 95m3s62z0at i ng zeolite particles with al um ni um hpgtapesinii0

| nprove the zeolite's hardness. The particles are used as adsorbents;
no mention I's made of using themin catalysts. 5 Dependi ng on
the nature of the coating and the nature of the matrix material, TEM
and STEM EDX can sonetines be used to study whether or not a

hydr ocracki ng catal yst conprises cracki ng gonponent particles with a
coating as defined above, and the thickness of the coating. If 10 t he
conposition of the coating and the conposition of the matrix are

di fferent, itintendpenetal | qud(nysi bhe tihudi stoaipdi sbeﬁ]hetecopafrmglw tilhe a

Sren Epx. hareeraBRId CaB Lo TR s et BTRRE bbbl LF ofiapgtion
cracki ng conpgdatnthe coatipgr tobtamdcam raidt l!idr@n:eabefp@tent h@macaﬂwheSSare

i ncor por at ed cbﬂﬂﬁﬂete Furﬁﬁéﬁ‘- hWEr% ek gﬁ-eﬁ%ﬁlaﬁérh %@sﬁ h@% {éd)?n]tyhe

cracki ng conp icles are
coating gan Bétﬂe attab%fépveaetwme thatnargiekas 4psbe b@ﬂﬁ@e@ﬂﬁed‘-hﬁn 0¥ deEM

20 t IThe praﬁaenpexs Q;fmtéi pd?s,@ﬁfﬁ1@tt¢1at0@@ﬁs't@ﬁt1aqn amélit s Gfa@lﬁld@gm morﬁa@nent
par i cl es e.CI

ascert ai ned B %ﬁpé?#%mnnéﬁ FEPITRE par ’jfflétegr % éﬂ rEher, %H?qﬂ@‘e%‘m of

that the |$beltmattnng: topthenizeol {teEPartichibs als netrlwde saeitsdaotargd by

el ectroki net 'éﬁd}&%ﬁgf‘hg“‘%ﬁe afl%?na 8ihi 8h a;%’rﬁeg?@{'@ftgg'oﬁ—i écrqgf.zt%]at?te Icp;%?g dgs 2°

mat eri al t eri to be co ) _ |
mat eri alg s ddatkel, 1n tSiful lconking tpinecesERs otlestnd bett by i wlidwiEuropshan chatent

is coated i ”%F@ﬁi‘ia@ﬁoﬁ hg sl ERptiak i héd, | Hm&rﬁﬂoh‘?cc{@t eflaifret . THIST relatively

exanpl e, the an_ anmonl um_exchan USY-zéolite wll generally

be wel | . bel omrpwénahmeaam@laéw hgh1 ¥ 3861 REE19E ETAGKAD %r&aﬂwg it
cracks hydrocarbon feeds to form coke and light gases. By

incorporating zeolite particles coated with relatively amorphous
alumina into a hydrocracking catalyst an undesirable cracking activity
is added to the catalyst, so reducing the catalyst's selectivity to
middle distillates. ' :

A further drawback to the in situ coating process disclosed in said
European patent application consists in that during the coating
20 process the protons, or proton precursors-éuch as ammonium ions, in
the zeolite can be, and often are, exchanged with the cations of which
the oxides are to precipitate on the zeolite, such as, in the case of
an alumina coating, aluminium ions. This is an uncontrollable process
which may detrimentally affect the properties of the zeolite. Further,
the very small hydr(oxide) particles formed during the in situ coating

15

25 ,
process may block the pores of the zeolite.
In order to avoid the above-mentioned disadvantages of the use of in
"situ formed alumina, and to provide a hydrocracking catalyst
30 tomprising a coated cracking component with improved prop_erti_es,

including an improved middle distillate selectivity as compared to a
catalyst with a comparable composition in which the zeolite is not
coated, the present invention provides a hydrocracking catalyst



30 I s. applied to the surface of such a zeolite, the IEP of the coated

zeolite particles will be the sane as the | EP of the oxide with which

t he zeolwogsmgssz:oat ed, in the case of alumina in the rangg 03is3 O,

and in the case of titania |n the range of 7,0-7,5. Thi-s confirnms that !
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8 the outside of the zeolite particles is conpletely coated with

oxi de. The presence of a coating can al so be ascertained by studying

t he sedi ment ati on behavi our of mgxtures of zeolite and oxide, e.g.,

alumna or titania, as a function of the anmount of oxide. Dispersions
of uncoated zeolite particles in water are not stable; sedinentation

occurs rat b@ﬁprﬁamgﬂa{ cancktmg @bnh@crnehandheabalmﬂaaeﬁndftlwhiacm ah$el pedhe
m xed with increasing

stabl e. f oun

amount s of E’:\%& H%\’“@ofrevt1ﬂgswe§ﬁqur1é"%@§f] sqxéaebecorres st abl e beyond

a certain phe rixideongedenecdtadi ontodber erakynpreasmpdment, pate cles! byt eay 10
particles p av f I t |
respect.ve{i"k Phels mg&ﬁ“%*e”"i YRS TEAE, 185, 01 € R W She dckPiieing

sai d gxi deforce bEtWEEﬂhé enma}angcpv@abewatnﬁ \Khﬁ-‘ cmﬁﬁthélﬁﬁr dokibagceatedonent

particles g&nlattra@qpgesorce Sel eahes ftfgpfﬂh@n‘aﬁfer@%@s | 10T GBI EctdtL des,
such as oxi des of "the transition tal s and al kali ne earth{’retals

Bot h phyS|E%1‘I”tén€if the’ Va”r?HPn CORIPORERL Sy BreseNcs0h,dyattract iphioks8ed.
Sui tabl e cegdulng in a higmygedliayscaaténge.19. tmlsurfemctsw liganot@lduthdtaisi | i ca,

Chyciry ont 4B Frocess, of AL Boy & 415801 e TIRREES oo EhL HETIRIN 1nE S, o' O
and tRe vapresipitation prtogesnoishosprhiedesut lat aspi'h(WtfealbaUtaB,|wh1t1lae1rccthEext of
this eSCfbrFétsgﬂf‘ 1nvent1tohe tth%r Rtk iy X‘é}@ané'ﬁ@dgaﬂmﬁ‘@éC%P@ﬁé;ﬁﬁe#&%ﬁ?r'a'

(to be). coate crackl ng co es iIs

.conpri se neRatgdl ¢toii glésbelow o U %Qé?@aahb?‘ﬁﬁﬂl arecess| 8y whishothaes.

The pref ergsteaxiélgtar ﬁarﬂ.ﬁcles aeloume N@sednélin afﬂé'“c'aeaﬁys'tl E@cordhn@ to ahem na
conpri sing; a If al um na

e " Uivem 26T nap He prepared will) v ek Prikied i gor detai{ B0

pseu boeMndtberwIadm&ntaea lod dmavétyﬂeulcnaokmg catgdyst- at¢m1dmag when thée
boehnt't e caake tCO f. [ u ct
_?:ﬁ( ﬂﬂiu BRSNS {He lg?ﬁseréto mv%F\Fm% big o?qld%l c?es may

cal ci nati on st e i na coated crac omponent
be subj ect‘é-’d‘m?é Arian cthabetng shrayided ook tlmgypar‘tmlesir ef i hbor peackiag into

a hydr ocr agdipBaemat alt¥Stpropatitikbe §@éWeé§|ﬂ'l”' tHe case of alumina, e.q.,
crystallinity, can be regulated. _ '
20 Additionally, there is no risk of small in situ formed ox1de par‘t1c1es
~ entering and blocking the pores of the cracking component. Further,
in the case of a zeolite being used a cracki'ng component, since the
aqueous dispersion will comprisé few cations of the oxide to be coated
‘onto the zeolite, there will be no replacement of protons or proton
25 ,precursors in the zeohte lattice.

The cracking component partic]es'present-in the hydrocracking catalyst
according to the invention may be prepared by contacting the particles
to be coated having a mean particle size in the range of 0,1 to 10 pm
with an aqueous medium containing particles of the oxide to be
pfovided having a partic1e size. in the range of 10 to 5000 nm,
preferably 10 to 1000 nm, with the ratio between the oxide particle
size and the particle size of the cracking component particles being
in the range of 0,001:1 to 0,5:1. '
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boehm te into gamma-al um na may al so take place when the support
materi al conprising the alum na coated cracklng conponent particles

V‘D 95/ 33570 95733562 132
is calcined, or when the fini shed hydrocracking c ﬂ?ﬁfﬁ@ﬁéﬁ%

caIC|ned. As st at ed before, the fact that the oxide to be coated on
t he cracking conponent particles is forned before it is contacted
with the - particles to be coated nakes it possible to regulate the-
nature and 5 properties of the oxid The process for preparing
t he cracki ng conponent particles to be i ncorporated into the

hydr ocracking catalyst according to the I nvention may be carried

out as folljgngs ndthd that 6B §&wrrtysp§mr¥ﬁemroﬁdsﬁ sgsaséslcﬁ*gb@sorspam“e%s
particles, e.qg., I cl es partjcle size of lto

10 [err] prf@feF%?Jl’f)go?e"g‘ie part?glteé B‘T'braﬁj‘m’lml"@ dapmewteemnrﬁm J&’Fed in
the prfesentzeappﬂel gsahadmeshe The par‘tﬁﬂé‘? naﬁn upédta@sc:aes@ﬂhbkats efmr sefitiohhe
particle size ic the particles has a greater
particle si'ze™ %ﬁ Wg "FHQE % {%é%\}'&fm/& - of the particles has a smaller
particde size. The slurry of cracking conponent particles of the

desired pary| &Ltﬁngsbﬁe‘EH@%a?ﬁ’réDrﬁp%@dcoa(§1ng ort he burs! BF (e fadragoer

cracki ng conponen lcles in

in a glassmaeerialni FEM AN SBEM/EDDycasrispmet imgy be usﬁ@ tcsw@my whesherl oy

contains Jot0a ﬁ?drd@tra&kﬁtﬁ; cﬁt@%'tnﬁom&qg@f?”@ﬁckmg compBﬁ@fterp%bfVclistO 40
co

w.% If a zeolite ackin
zeolite sl g? 3 SCOPhI ’i%ésr%l%s gfacb?"?g aé‘dngﬁ? ghéﬁ'fﬂ?lsa %k 'the g°atl’39<'en$t 0
ensur thatthéheompldsoﬁdnhefzﬂtd icoat Flgurany timesomdsmm‘mmé th® matrix arew,

since Thi s Jyye @bt oot Lieoatbi e S ShAll L) ttsei@Biish the £hing! oh nknOwn
a LY gpsf 3

manner, |sper3|bn is™p norgani c partlcle
size of 10 cr@cismocmonpntaf@rramkemfrmotgo magobx mwteewl vnth rirhef@rdablfy of
10 to 500 nrEgmigpxwater. In the present application, the termparticle
size used inre erence to the oxide (to be) coated onto 30 . the zeolite-

particles is defined as the value for Zavg deternined by
15 There are several ways in which the coating of the cracking component

particles can be studied before the particles are incorporated into
the hydrocracking catalyst. When the coated cracking component
particles are studied with TEM and STEM/EDX, the coating can be
observed. The coating can also be observed with SEM. C
20 The presence of a complete coating on the cracking component
particles, especially if they are zeolite particles, can also be
ascertained by electrokinetic route. The crux of this technique is
that the isoelectric points (IEP), which can be determined by
electrokinetic techniques ‘such as acoustophoresis, of the coating
material and of the material to be coated differ, and that if a

2 material is coated, it will have the IEP of the material with which it
is coated instead of the IEP it had in the uncoated state. For

" example, the I1EP of an ammonium exchanged USY-zeolite will ggnerally

be well below 6. When a coating, e.g., an alumina or titania coating,

30 is applied to the surface of such a zeolite, the IEP of the coated

zeolite particles will be the same as the IEP of the oxide with which
the zeolite is coated, in the case of alumina in the range of 8,9-9,0,
‘and in the case of titania in the range of 7,0-7,5. This confirms that



gquasi-elastic light scattering in the manner described bel ow. The
preferred particle size of the oxide particles to be used for coatlng

the zeol i twopasiseg! es will depend on the nean particle si ZE‘#
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- 10 zeolite particles to be coated. The ratio between the oxide
particle size and the zeolite nean particle size is between 0,001:1
and 0,5:1, preferably between 0,001:1 and 0,1:1, nore preferably
bet ween 0, 001: 1 and 0,05:1. CGeneragly it can be stated that the
quality of the coating obt ai ned i ncreases with increasing size

di fference between the oxide partlcles and the cracking

tctﬁrrpon_egt et dutsede. ofaﬂglendzbsmztec‘fgi;hclés is comp]@@@Tﬁ%%hn?& 5‘???1? E&;t ‘é"ge”
The oxi do fi EpePLFSTths B *Bertdting, Labnabi bs ascSBtaineds by 'siugiami the 10
oxi de i n watsedjmgntet tarabbgha¥ivwr 26f winikturmdspestli pepidnet hﬁd nakide, Oé.g.,
L W ST T Sl
i nstange, i Pfiungoatadszaodite pantaclete ial wateraans notorsgable; srdibenoation
the zeoliteopaird @hﬂfer ﬂé’bﬂwmﬁ}fitﬁé S&%E'r%'ﬂdwiﬂuml?ﬁa Qﬁﬁdﬁ‘%apu 58?? at?‘g

obtained in 15
é&q §“éﬁ"éf kﬁdwse@ withel wewe\a

Processes fG&F2 ﬂ?e ET’ é‘ﬁérg‘ﬁingn“@ﬁt élfuqnzﬁa

person and emauntdeof algmind kel prehei pedudti m s@épeahi oh Cbe@&ﬁbsbéﬁélﬂe beyond
defined, disgrete alumna

| | | ||
particles i At Ercelino B D oc sEREL FELAN ot riTam BRgthe ol ks (HoRectAse 20 ¢
These jghai ! npaekisips oddélnlaup ﬁye tshabdddyt behavoburarofape opumane qrept taviiag
agent, givi Pélsp'%%@%é’!tye RBhfirmiR Prfata tha! bbdl 1% B%rgt&\@rl“é{] ﬂ'et ggﬁgee \J1EH

range. As sult abl e pept|S| ng agents may be nen _
hydrochl or i 83ti°¥19¢-or ni ¢ aci d, and acet ic acid. The thus .obt ai ned
col | oi dal sol utlon of al unina generally has a pHin the range of 1,5 25
to 5. the crackin and the_ oxide

di spersi on Tt’ﬁ fHorganit cOXbIne 1thgﬂ”hb&h Cf'geﬂ;aq}%lgg;%ﬁppoapnptf haghielesnars; s

conrmuysion odudtederis selected from one or more inorganic. oxides, such as oxides
~ of the transition metals and alkaline earth metals. Both physical and
chemical mixtures of these oxides are envisaged. Suitable coating
materials are, e.g, alumina, silica, alumina-silica, silica-alumina,
titania, zirconia,  magnesia, silica-magnesia, calcium (hydr)oxide,
20 clays, barium oxide, strontium oxide, barium titanate, and the various

aluminophosphates. It is noted that in the context of this description -
the term oxide, when used to indicate the material (to be) coated on
the cracking component particles is meant to comprise not only oxides,

but, where appropriate, also hydroxides. The preferred oxides are’
25 alumina and_alumina-si]ica, i.e., alumina comprising a minor amount,
- say up to 15 wt.%, of silica. If alumina is used, this is preferably
in the form of boehmite or pseudoboehmite, which can be converted to
gamma-alumina when the boehmite coated cracking component particles
are subjected to a calcination step. The alumina _toated cracking
component particles may'be.subjected to a calcination step before they
are incorporated into a hydrocracking catalyst, but the conversion of
boehmite into gamma-alumina may also take place when the support
material comprising the alumina coated cracking component particles

30
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the oxi de dispersion is added to the cracking conponent slurry or the 30
cracking conponent slurry to the oxide dispersion. After conbination

of the crawbigsgssseanponent slurry with the oxide dispersion pbgEpesmn213z
obtained m xed slurry is stirred for sone tine, say, up to 1 hour, or
otherwi se kept in notion, at a tenperature between roomterrperature

WO 95/ 33562 PCT/ EP95/ 02132
11 and 50[err]C In this period the oxide will adhere to the
surface of the cracki ng conponent pgrticles. If the cracking
conmponent is a zeolite, care should be taken to ensure that the pH of
the mxed slurry is not too low, the zeolite being susceptible to

very | ow pH imlcadsineds or wﬁ’e:eftaeaf)ﬂrvlshémdnyﬂ%drscbﬁingmlﬁsﬁﬁé falcined. Once

t he oxi de ha Cr, C ent rticles, . m xed
slurry can, Esf %gggéedssggﬁo;}, "he's fgg %ﬂg& ﬁgpgnﬁ}egg% gqtﬁ%v\ﬂ? B:ﬁ\e cracki The
forrred aggregmpesemtr epdMtikbes upsl rtoomedpdedore cotit 6d ceomtkeétay with the
conponent p hj e i+ € , [ t S

a colloid aﬁﬁt%ﬁé tb bﬁ %gﬁ?a'.“ﬁ%ﬁ 1§I EI?SI’S); blPéC(aﬂJ bﬂe}ggr%gers%geedﬂl%hxeéc y;
al t er nagi velRroperkies of thecydded cracking conponent particles may be

dried first and, optionally, calcined. Drying takes the form of
i solating t coat ed crackin npone articles fromthe sluryr
wher o necesslly PIGeEss fRr Brepar HiaEel CTRERI I FURONSTy RATY Sifs e Be

resul ting fiirtcerpmlted atirdo the thydpesratkirg | matdleystangeootingponn the

t enperat ure I spray drying, flash drying,
or ot her dryln(r?{sﬁ?echﬁiw &gségﬁgéﬁém ?g/%ﬂows. however, the slurry will be

so conggntrated as to render |soI ation of the coated cracki ng

conponent  pay t4igkpp im@swaalo,f %P@'cktuh@ Ebr}ab'ornﬁnt art1c1est heng drlz@@!me
directly. The dr| ed product can égr 0CEess

cal ci ned fi rRartigips 85IQ:|"!?5F| Pﬁf'tt’F t @Rt O 1ona %t“@an?"?ferab]dapél%ét i on
treatnent. T $ npmy belepar btmaﬂwaséyuam:amdi\m tﬁetﬂ‘ﬂésent appticathomgthe

cal o1 nat | on ST EoRERt SREETIE" 6P yB0hre 381 58 S 6. i At vnih S0V
previ oril Y, ofathelrgartaaleﬂ hasi angreatep pamtﬁ¢1e géperwlileg thee othemp|SOyet).%
Cal cinfng uspalthy §a42814Y 338 2Usnfh 1 EFMRIFRI LS shiDe ! hﬁ\er?ﬂ%yoéf 13ckfhg
component particles of the desired particle size may be prepared,
e.g., by, slurrying larger cracking.component particles in water and
grinding the whole, e.g., in a glass pear! mill such as a Dynomill.
20 The slurry usually contains '3 to 60 wt.% of cracking component,
 preferably 5 to 40 wt.%. If a zeolite is used as cracking component,
the pH of the zeolite slurry is in the range of 3 to 8. Care should be
taken to ensure that the pH of the zeolite slurry .does not become too

Jow, since this may affect the zeolite's stability.

# Also, in a known manner, a dispersion is prepared of inorganic oxide
of a particle size of 10 to 5000 nm, preferably of 10 to 1000, more
preferably of 10 to 500 nm, in water. In _the_present application, the
term particle size used in reference to the oxide (to be) coated onto

30 the zeolite particles is defined as the value for Zayg determined by

quasi-elastic light scattering in the manner described below. The
preferred particle size of the oxide particles to be used for coating
the zeolite particles will depend on the mean particle size of the



600C, preferably in the range of 250[err] to 400[err]C, over a period of

0,5 mnutes to 2 hours, preferably of 5 mnutes to 1 hour.
Whet her t o g5m3sead cracking conponent particles are to be iggielgss 0
a calcination step or not depends, int. al., on the manner in whic

-they are to be further processed. Calcination of the coated particles
ensures better adhesion of the oxide coating to the cracking conponent
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12 "particles. If-the coated crackpgng conponent particles are likely
to be subj ected to severe treatnent such as prol onged or vigorous
stirring at | ow pH val ues during the subsequent incorporation of the

coa]E ed | tzeotftaeclplahmdifeﬁpometm cpatéd clTRe rattio bét@:e@ﬁl:]ﬂieyamdé tpafr'e‘mle
preferre r R

severe treat ﬁ%n‘?"d she {%]Q{E‘% "@aﬁi hgfset gbzﬁav RBt"‘e&Q ﬁe@ési 1:"t s
general |y Fprefe;ra;bém between 0,00lblviand Ohkel, coarteegrefaradbky r’q;twemr@ql@htl
particles ah@ 0.2s: ‘faltﬁhgﬁe}g‘]gnn can be 83t 4P Rhat t%‘ﬁFoiLfahfcyhg)\f the Roating

i ncor por at e rocracki ng
be notgd tR® FaW?énW@"‘qa{?eF n‘t"éﬁ"déﬂc‘fﬂisénw dee ﬂhfefe@@a@%cbetween theaexideg

conponent I%GF“H(.Q'eQS dn@ a:hét Qﬁﬁb@ﬁigCId“b?dpbﬁ)éhtt r&ﬁ*tﬁ@'@s,, igndl Sthus with a
frequently uou oI| ticles first.

Removi g SSEESRSIER aFitieSatethtne, Grige BRTIETRr shie A% thecanarkin,
speaki ng, abmponenbepantacke sgzepnponent particles. have been dried

and/ or cal e h ied re rther
processi ng?hgn(%“d% 8% Horp‘?n'ifl?r%thﬂs C‘Jt’)r{f;t ub?ect 35%{ °f 1norg{rﬂ§at mant‘
for fy eakionide uim wahg'r avggfe@é:ﬂ»ss mé’éemc % r&e@en@e\papat@me nature of
particles, tﬁé‘YOxﬂa)é gt'fHenangtﬁeh@aﬁﬂ $oh¥erdtNof t[ﬁé“ﬁ\%'idm, arid other fal:fcc’n‘saS

descri bed ago he, cracsb onent E h‘ilc es are coate Wt

pre-formed?t 9 peﬁskP"sNﬁ et%ec‘ﬂ Piddle$olviioBd Erérekngo! - F°"

colrrpolnent dpastan@bea peiterial |d§sﬁree toapeahide t § uhibat os %ov\garﬁmobxm @a,

cal cul ate one +0%

Wit osul EAF FPTIE eEkictess 8 dftheof SRR R 1) B8 odeibds e yhiter,”

neans, .t hat obbainedi da | &y knowrs mannapableeg of Wepepugmgsaprcaﬂemuuctgein.
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. adhere to ?Fgé%ure%acg o?é %ebcragc& Qﬂﬁ’m H qgﬁ aFEXGTH 't Phd skitTed
person and include, e.g., the prec1p1tat1on of acidic and basic .
‘aluminium salts. Alumina gels comprise well defmed, discrete alumina
particles interconnected by chains of aluminium (hydr)oxide molecules.

°0 These chains are broken up by the addition of an appropriate peptising

agent, giving separate particles of a particle size within the desired
range. As suitable peptising agents may be mentioned nitric acid,
hydrochloric ‘acid, formic acid,. and acetic acid. The thus obtained
colloidal solution of alumina generally has a pH in the range of 1,5

o5 to 5.

Next, the cracking component slurry and the oxide dispersion are
combined. It generally makes no difference in this connection whether
the oxide dispersion is added to the cf‘acking' component slurry or the
cracking component slurry to the oxide dispersion. After combination
of the cracking component slurry with the oxide dispersion the
obtained mixed slurry is stirred for some time, say, up'to 1 h'o.ur', or
otherwise kept in motion, at a temperature _bétween room temperjat'ure

30



. .
It is possible to increase the anmount of oxide coating above this 30
maxi mum by way of the follow ng procedure. The coated particles are
cant act ed WWo bs/3386d y) ani ons, such as phosphori.c acid and it spEHkpssin2132
pol yel ectrol ytes, and anionic water-soluble polynmers. Due to the

adsorption of these conpounds on the oxide coating, the coating - WD
95/ 33562 _ _ " PCT/ EP95/02132

13 beconmes negatively charged. |If the negatively charged coated
particl-es are then contacted agai njp th an oxi de suspension in which
t he oxi de particles are positively charged, the oxide will adhere to
t he coated cracki ng conponent particles, and a second coating |ayer

is formed. ahd 50°Thikn nh@se;m'wartrheoxmé&ﬁ ed afmeﬁart)o theesurdacaleFi thdl,

til, e.g., f | at ed t.h i ght
of the or ackiqeging conbdtdstfafhicTe. s, Bhe crBekiy cEiebdof B actestdfer ne.
oxi de coati nymshbuhbbbeta/leentqanﬂarearwaﬁ fher pH of theaurxadnihurbptmeeut 10 nm
and 2 [err]gepe '“Qhé)“zES‘ﬁtﬁ“%ﬁgOfsﬁﬁp’:‘?bléoto v%'?g' ol tp‘?l PAyegacking

conmponent partlc es, and particl es.
Sur pri si ngl brefierabkic thepdis tesveen Beandide of the nul tiple coating

ggogegg; ge?@ﬁ@ ithedoRRfY adl sdm*ed[ﬁzudﬂeplecga&ﬂn@l elfifonent par@ﬁ)@tésngtﬁé much
described B ?'grd'ésAg‘Eot‘efn Ggés(sém'? A4 3§UE’45rFfthe?ﬂ:é tfﬁ%t“‘fﬁg n t"ﬁl‘%fkness
01;] th'edco_?_}]th‘@ formed afpregated yare dnlokee marimtdl Fﬁepﬂréﬂe b@ame@attracehwg
char ged.. i . r ti ona :
cont act i ng CESTPRy piEictes- 1" &4, BRuRBL ' A WP uBHOa s o

(polyéanlons aﬂ101dnmhlgeneral the preferred thickness of the coating wll

depend on the size of the cracking conponent particles, the
size of the: OXIde particles, the nature and nnrphologg of. the OXIde
particles, Hifd Qfained sl%mnéﬁn.ﬁemremsné doratdyer abtarnat ety

partlgl es aggate@ beracking | dvapbReTtat (pdmlcnb@ ﬁ&ye bBY dgeiadac ki Pt qaﬂal yst
accordi ng

accor di ng t%&ﬂﬁagﬁﬁ\leﬁﬂ?)Wegonérrwggst%!fes the fom of}yqrsg]cart?(r:‘5| B caLalyst

15 cracking component particies from the slurry where necessary, e.g., by
means of filtration, and drying the resulting filter cake at a
temperature in the range of room temperature to 150°C, for example by
spray drying, flash drying, or other drying techniques. Frequently,
however, the slurry will be so concentrated as to render isolation of

20 the coated cracking component partic1es impractical, and the slurry is

then dried directly. The dried product can be processed immediately, -

or be calcined first. The calcination treatment may be a steam
calcination treatment. This may be particularly attractive if the

cracking component is a zeolite which has not been subjected to a

steam calcination step before. If the zeolite has been steam calcined

# previously, a dry ‘calcination step will generally be - employed.
Calcining usually takes place at a temperature in the range of 150° to:
600°C, preferably in the range of 250° to 400°C, over a perlod of 0,5
minutes to 2 hours, preferably of 5 minutes to 1 hour.

30 Whether the coated cracking component particles are to be subJected to

a calcination step or not depends, int. al., on the manner in which
they are to be further processed. Calcination of the coated particles
ensures better adhesion of the oxide_coating to the cracking component
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If, as described above, the cracking component partic]es_aré coated
with pre-formed oxide in a single step, the obtained coated cracking
component particles generally are coated with 0,5 to 30 wt.% of oxide,
calculated on the weight of the crack1ng component. Too little oxide

. will result in incomplete coat1ng and/or a too thin oxrde layer, which

means .that the oxide layer is incapable of exerting its proper action.
The maximum amount of oxide is determined by what:'maximally will
adhere to the surface of the cracking component

It is possible to increase the amount of oxide coat1ng above th1s
maximum by way of the following procedure. The coated particles are
contacted with (poly)anions, such as phosphoric acid and its salts,
polyelectrolytes, and anionic water-soluble polymers. Due to the
adsorption of these compounds on the oxide coating, the coating

eolrte partrcles
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) :
the Periodic Table. Preference is given to the netals, oxides, and

sul phi des of platinum palladium nickel, cobalt, nolybdenum and _
.tungst erwo9s8ss2, use may be made of conbinations of poegess2iz® 30
‘conponents, especially of conbinations of conponents of nickel and
tungsten, cobalt and nol ybdenum and ni ckel and nol ybdenum The anpunt
of nmetal conponent in the hydrocracking catalyst generally is in the
range of 0,2 to 2 wt.% when a noble netal is enployed (cal culated as

WD 95/ 33562 13 PCT/ EP95/ 02132
15 netal). [If non-noble netals from Goup VIB and G oup
VIIT are enpl oyed, they are used in anounts of .5 to 30 wt. %
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thickness of the coat1ng
Generally, zeolite particles will be negatively charged. This negative
charge can optionally be enhanced by contacting uncoated zeolite
particles with the above-mentioned (poly)anions. :
In general, the preferred thickness of the coating will depend on the
20 size of the cracking component particles, the size of the oxide
particles, the nature and morphology of the oxide particles, and the
manner in which the coated cracking component particles are to be
incorporated' into ‘the hydrocracking catalyst according to the
invention.

15

25 : _ '
The hydrocracking catalyst according to the invention comprises at

least one hydrogenation metal component, and coated cracking component
‘particles, which may be either coated zeolite particles, or coated
amorphous cracking component particles, or a mixture thereof. Other’

30 ' 'components, such as, e.g., support materials may also be present
As suitable zeolites for'-incorpor_ation into hydrocr_acking catalysts
after coating with an inorganic oxide may be mentioned zeolite X,



25 If so desired, the catalyst nay al so contain other constituents, such

as phosphorus. It will be clear to the skilled person that phosphorus
can be sui MemdsE3sexorporated into the catalyst by incorpor atpd¥Eso2132.
suitable amount of a phosphorus-containing conpound, such as

phosphoric acid, into the inpregnation solution containing one or nore 30
precursors of one or nore hydrogenation netals to be incorporated.
Phosphorus nay al so be incorporated into the catal yst by way of the
coating present on the zeolite particlesjsOne may, e.g., use zeolite
particles conprising a nultilayered coating prepared using phosphoric

WO 95/ 33562 PCT/ EP95/ 02132
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but it,.can &bskd0eary igeneraidy qprefarcgdéar fusesin hydrocraphnm n@taémt%-ferred

embodient , 1§hend6)eodli EPEsSUSBd I fiHeS hrotdrP¥drhesr the ammonium form, it
will generally contain less than 0,5 wt.% of alkali metal oxide and
preferably less than 0,2 wt.%. o
The amount of coated .zeolite particles in the hydrocracking catalyst
20 usually is in the range of 5 to 80 wt.%, calculated as zeolite without
coating on the total catalyst. As stated above, it is possible to
prepare hydrocracking catalysts comprising coated zeolite particles
which do not contain any additional support material.

Suitable hydrogenation metal components will comprisé the metals,

# oxides; and sulphides of the elements of Group VIB and Group VIII of
the Periodic Table. Preference is given to the metals, oxides, and
sulphides of platinum, palladium, nickel, cobalt, molybdenum; and
tungsten. Also, use may be made of combinations of these metal

30 components, especially of combinations of components of nickel and

tungsten, cobalt and molybdenum, and nickel and'molybdenum. The amount
of metal component in the hydrocracking catalyst generally is in the
range of 0,2 to 2 wt.% when a noble metal is employed (calculated as



and .the spraydried material is ground to a powder, whereupon this
powder is mxed with the coated zeolite particles. The extrusion,
ol Mpr egnatWe@A§/33562 ci nati on, etc. processes can then be carrPeTEPsI02E2

descri bed above. I f no support material is present, the hydrocracking
catal yst may be - prepared by extruding a mass of coated zeolite
particles, optionally m xed with netal conponent precursors, or a
portion thereof, followed by the inpregnation, calcination, etc.
steps described above. Ext rusi onjsi ds, which are known in the art,
may optionally be added. WO 95/ 33562
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support material, such as alum na, and subsequently extruded, or they

may be extruded mnthout angeaddltlonal upport naterjal being added.
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t he hydrocrac |ng cat al the | nhvent SO0 be an
anor phgus cReGRl mggmp@mﬂa saj@mat-sgﬂmaca(gammawnw silica) havmg a
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may be used 'ﬂ drocra kln C ts are the am)r&ﬂ %éianalo%&ni

the zeolitebSdds rqaﬂ'@ﬂ 3\3 t8 4S5 SPNtAnt AaBfai ﬁetc’ 20
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taken into e nDrphous ‘anal ogons are defined as conpounds
wth substaﬁ%ﬁgrgbmpﬁg'%&ﬁg them cal conposition as the respective

zeol i gs, bihe wosh obnieusoisphiassabumines ufor. ththpsepanation ofdérspersions, of
silica-alumina in alumina are the well-known silica-alumina cogels and
silica-alumina graft copolymers. For both of these types of silica-
alumina it holds that they generally contain from 60 to 99 wt.%,
preferably from 70 to 98 wt.%, of silica (based on the dry weight).
20 After having been dried or not, the cogel or the graft polymer is
mixed with an alumina hydrogel (boehmite). The silica content of the
resulting dispersion usually is from 10 to 90 wt.%, preferably from 20

to 80 wt.%, based on the dry weight. |

.If so desired, the catalyst may also contain other constituents, such

B as phosphorus. It will be clear to the skilled person that phosphorus
can be suitably incorporated into the catalyst by incorporating a
suitable amount of a phosphorus-containing compound, such as

'phosphoric'acid, into the impregnatibn solution containing one or more
30 precursors of one or more hydrogenatibn metals to be incorporated.

Phosphorus may also be incorporated into the catalyst by way of the
coating present on the zeolite particles. One may, e.g., use zeo]ite
particles comprising a multilayered coating prepared using phosphoric



silica-alumna 1is the anorphous analogon of - an alumnosilicate 25
zeolite. It is thus envisaged in the present'invention to prepare
hydr ocr ackiwm9s/33562 cat al ysts conprising coated particles of pefEsdsagigand
conponent, e.g., - silica-alum na or silica-nmagnesia. It is also

envi saged in the present i nvention to prepare a hydrocracking

catal yst conprising both coated 30 zeolite particles and coated
particles of an anorphous cracking conmponent, for exanpl e,

alum na coated zeolite particles m xed wjgh al um na coated
silica-alum na or silica-nmagnesia particles. Because the two ki nds of
particles are coated with alum na, they behave, as it WO

95/ 33562  acid, or zeolite particles the negatlve charge oPCWhEERShAR Ibbén
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i's subjecting the impregnated extrudates to a final calcination for 0,1
to 10 hours at a temperature from 400° to 700‘.’C, in order to convert
the metal component precursors to the. oxide form and, where
applicable, “convert gamma-alumina precursors to gamma alumina. In
addition, metal component precursors, or a portion' thereof, can of
course be admixed during the mixing of the (precursor) support
material and the coated zeolite particles. .

20 If the support material is a dispersion of silica-alumina in alumma,
said dispersion can be mixed with the coated zeolite particles while
it is in the gel form, but it can also be dried and/or caicined first.
In a more preferred embodiment, the gel dispersion is first spraydried
and the spraydried material is ground to a powder, whereupon this
'powd_er is mixed with the coated zeolite ‘particles. The extrusion,

15

% impregnation, calcination, etc. processes can then be carried out as
described above. R
If no support material is present, the hydrocracking catalyst may be
prepared by'extruding a mass of coated zeolite particles,foptionally
mixed with metal component precursors, or a portion thereof, followed

30 .
- by the 1impregnation, calcination, etc. steps described above.

Extrusion aids, which are known in the art, may optionally be added.



20 advisable to render the catalyst, i.e., the nmetal conponents,
sul phidic prior to its being used for hydrocracki ng hydrocarbons. This

nay be dorwoios3zse2 ot herw se conventional manner, say, by COp&PgfbdsRg132

the catalyst in the reactor at increasing tenperature with hydrogen

and a sul phur-containing feed, or with a mxture of hydrogen and 25
hydr ogen sul phi de. The hydrocracki ng of hydrocarbon feeds is
performed by contacting the feed to be cracked with a catalyst in
t he presence . of hydrogen. Usual I y37 this is done at a hydrogen
pressure in the range of about 100 30 to 250 bar and a tenperature in
the range of 230[err] to 450[err]C. The space velocity is in the
range o]{ ‘ibﬁoﬁ?@;*%% r%d}ﬁ’?da&kﬁﬁ@ @rﬁtaﬂgstgfad'@r&'@g to tthélherm{ee@%ﬂ swd_rhthte
range o :

thegi nventimrﬁ’gﬁa 109, Ratalyst compr?ﬁgaglggég‘%fl ngar?tq'c?egls c%a’?ecdcogn'éhng ©
PCT/ EP95/ 02412@ina-silica, i.e., alumina comprising a minor amount of ¥91ica. The
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reference tmetal n¢umpoherts. exanples. First of all, wvarious
nmeasuri ng echni ques rticle size

Wi | | e _10. described. . The p
et ri buti ol offiendudast ¢ ehydiaerdtkios; SSERsEnt segbtained’ 0 AR5 o
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di sper si on agtive Gaat¥steontains 1 liter of water, until the desired

obscuration (0,15-0,2) is achieved. Next, the sanple is

As exp]aiﬁed before, the cracking component which is present in a
coated form in the hydrocracking catalyst according to the invention
" may also be an amorphous cracking component, such as silica-alumina or
silica-magnesia. In general, the amorphous cracking components which
may be used in hydrocracking cataiysts are the amorphous analogons of
the zeolites described in the present description, wherein again the
20 broad definition of zeolite used in the present description should be
taken into account. These amorphous analogons are defined as compounds
with substantially the same chemical composition as the respective
zeo]ites, but with an amorphous.structure. Thus, in this definition,
silica-alumina 1is the - amorphous énalogon of an aluminosilicate
25 zeolite. _ . |
It is thus envisaged in the present invention to prepare hydrocracking
"catalysts comprising coated particles of an cracking component, e.g.,
silica-alumina or silica-magnesia. It is also envisaged in the present
invention to prepare a hydrocracking catalyst comprising both coated
zeolite particles and coated particles of an amorphous cracking
component, for example, alumina coated zeolite particles mixed with
alumina coated silica-alumina or silica-magnesia particles. Because
the two kinds of particles are coated with alumina, they behave, as it

15
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di spersed by 2 mnutes of stirring and ultrasonic treatnment. The
nmeasurenent is then carried out using the presentation "1407," which 20 ,

i ndi cat egvagg,ggs%i ve refractive i ndex of 1,35 and an adsorp&-’i.,gpg ocgip%x
y

of O, 1. e particle size (Zavg) of the oxide is determne
quasi-elastic - | ight scattering (QELS), also known as dynam c |ight
scattering (DLS) 25 or photon correlation - spectroscopy (PCS), or by
way of the | aser di ffraction techni que described. above for the
zeolite particles. Wich techniqugsis to be used will depend on the
expected particle size of the oxide particles, with QELS being used

when the oxide particle size is expected to be below 1000 nm
and | aser yofll f f{ACHf QhePh@Re AT\EiAR, andadd idcepbichaliys aXNedt egerisedbe
above 1000 nm The CQELS. apal ﬁSI S, IS cay L eﬁﬂgout V\%tq a Ml pern
Syst em 47081 xture Qfy 4903 1te oRRLSIGIRY 2af sTlica-afmiges Paktif!edn 8P Che
conpound t btaiaed. ofhishiwdfli sedud tbdndat aydroeedcking catalyspl ated a ihigha

narrow | a%ehvit%eam (633 nm He-Ne), and the Iight - WO
95/ 33562 CHTVILY. | : | . ~_PCT/ EP95/ 02132
20 Insabl teasesl, at.-ean aheyl chef cabilyst] comprigess andy egatedseesliitpve

det ect’or. : L O ' ; 0 r to
Fﬁgmﬂlsa as 5*‘%2§dél{ﬁ{gghé}ﬁq FRai 4 QeofBr PREODEEH €BStY SediStd

cal cul ate ) _ n  pol ydispersity, using a type 7032-

conmputi ng @ar¥ialas opndingpated partigleseatus WPR&?%.CQ‘?HE”Q\F@W%’P%SE s
taken as the P,arédiaftb_@ 8 FrcaChlumina pa?hﬁc_llﬁxL,dEn.d }M@hére iﬁecomrir_lmcaarﬂy'[e_rr]
represents the pol ydispersity. e . surfac rea ar i stics
are obtai ﬁ@ﬂtEd?rR%g”fsfFé. Qrfi[tarrbgaé'}?rphws crgagb:}gpt;?bgﬁonﬁangm ﬁe‘gfﬂ_ ggt%58 K¢
whi ch1 cansibica-dédreinai paticles ,nghe catalysomagr Curthey comari seblae serpairpment ,
€9, Mer R\Q?{Hita'lcse ? S. Hiuhi ﬁ%‘lggt AhilOis )nogféées@hti?aglgo- The SPESA

(single porn efui'valent surface area cal cul ated fromthe
adsorption Va at a relative pressure P/[err] of O, 30, according to

the equati 9e shape oPPEIR (AYdr@LracikdingSZatd1ystP/ fontivres mMié g varigilandard T
and P) 155u1‘tab1e shapes are cylinders, spheres, rings; and symmetrical and
asymmetrical polylobes, such as tri- or quadrulobes. Generally, they

have a diameter in the range of 1 to 10 mm, and a length of 1 to 10 mm

also. '

15

If the catalyst comprises non-noble hydrogenation meta]s, it is
advisable to render the catalyst, i.e., the metal components,
sulphidic prior to its being used for hydrocracking hydrocarbons. This.
may be done in an otherwise conventional manner, say, by conta_ct‘ing
the catalyst in the reactor at increasing temperature with hydrogen
and a sulphur-containing feed, or with a mixture of hydrogen and
hydrogen sulphide. :

20

25

The hydrocracking of hydrocarbon feeds is performed by contacting the
feed to be cracked with a catalyst in the presence of hydrogen.
Usually, this is done at a hydrogen pressure in the range of about 100
to 250 bar and a temperature in the range of 230° to 450°C. The space
velocity is in the range of 0,5 to 3 hr-l, while the ratio of Hz to
the feed is in the range of 1000 to 2000 N1/1.

The hydrocracking catalysts according to. the invention can also be

30



Va is I nterpol ated from adj acent poihts on the adsorption isotherm
To calculate the mcro PV and the neso SA the nitrogen adsorption

«i sot her mwo gshsseeange of P/[err]

20 usi ng the Harkins-Jura equatlon given by de Boer et al. (J. Coll

Interface Sci. Vol. 21 (1966), 405), with t standing for the thlckness

of the adsorbed | ayer. Jerr] 25 Since the t-plots of
zeolites are slightly curved, the part of the plot used for
determining the slope and the intercept has to be speci fi ed.
t he present application the range enployed is fromt is 6 Atot

[err].

the aid of ghpteye@assr S@M@kﬁ?ﬁg
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follo
of 24.29 [e4d ko2gsh R1p1]1ca-alumna nolar ratio of about 30 an anount
of 70 kg water was added to create a 20%slurry. 10 The slurry was
mlled in a dyno-m || glass pearl mll. After mlling t he nean

particle sTie iatedtienzeai be mthércleeecw\m&ee A tH &feRenckOto a numbd®, 66 kg

slurry
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described.

The particle size distribution of the zeolite particles is determined
with a laser diffraction instrument (Malvern Mastersizer) furnished
with a 45 mm lens. The measuring cell is mounted between the 45 mm
lens and the detector (Reverse Fourier Optics). The sample is slowly
added to the dispersion unit, which contains 1 liter of water, until
the desired obscuration (0,15-0,2) is achieved. Next, the sample is
dispersed by 2 minutes of stirring and ultrasonic treatment. The
measurement is then carried out using the presentation "1407," which
Aindicates a relative refractive index of 1,35 and an adsorption index
of 0,1. '

The particle size (Zayg) of the oxide is determined by quasi-elastic
1ight scattering (QELS), also known as dynamic 1ight scattering (DLS)
or photon correlation spectroscopy (PCS), or by way of the laser
diffraction technique described above for the zeolite particles. Which
technique is to be used will depénd on the expected particle size of
the oxide particles, with QELS being used when the oxide particle size
is expected to be below 1000 nm and laser diffraction when the
particle size is éxpected to be above 1000 nm. The QELS analysis is
carried out with a Malvern System 4700. A cuvette containing an
aqueous solution of the compound the Zzyg of which is to be determined
is placed in a narrow laser beam (633 nm He-Ne), and the light



liter reactor. 26,52 kg of a 5 wt% alumna slurry. (Zavg is 200 nm) 15
whi ch had been peptised using [err] was added to the zeolite slurry

The sl urrywoas/sagad for 15 mnutes. The solid product was fi

and dried overnight at 120[err]C. The material was subsequently ca?m ned

at 300[err]C for 45 mnutes in a muffle furnace. The t hus-obtai ned
coated zeolite particles possessed a coating of 20 10 wt. % of al um na,
cal cul ated on the weight of the zeolite. 1063 g of mlled coated
zeolite as prepared above (LA =5,95% werg m xed with 1324 g of
pseudoboehm te alum na (LO =24,499% . Sufficient dilute [err] was
added to create an extrudable m xture, which was 25  -subsequently
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calcined in ar ca our oW O
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of amoni um t [ rat

create a 11 parofiaipe) HebualdThe Zayg,yips 15 GEh 88 ol Sl 4550 @

vol ume § npr &§aaexida, Wl*HéeeRher uaata@se\m‘r @adgur@aresents the aotwsiippersitye of

132[err]C for 1 hour. The dried extrudates were WD 95/ 33562

PCT/ EP95/ 02132 . e . 22 ..

cal ci ned i nlrger SUEFICE& aPE§dheFhaaCEeDISEi £ carer obtaingd, fromnghs mMidReesn 6

EInB/ h of ai radfemﬁahed1edthaae[eat] @8 K, whichExaanl ebed deétermined using

reparation of a_ T al vs npr|3|n ;uncoated z it

particles commermaﬁbgpge\{pgte %ﬁmﬂg,@[ pdeoc q"@fh €Sy tc‘,goét’ gd'zo'ggoclri te

parti cidas wamini-2360. The SPESA (single po1nt equ1va1ent surface area) is
calculated from the adsorption V, at a relative pressure P/Pg of 0,30,

according to the equation:

SPESA (m2/g) = 4,353 (1 - P/Pg) Va (ml/g at standard T and P)

15 . '
Va is interpolated from adjacent points on the adsorption isotherm.

To calculate the micro PY and the meso SA the nitrogen adsorption
isotherm in the range of P/Pg = 0,08 to 0,80 is converted to a t-plot

20 using the Harkins-Jura equation given by de Boer et al. (J. Colloid
Interface Sci. Vol. 21 (1966), 405), with t standmg for the thickness
of the adsorbed layer.

t (&) = 13,99
( 0,034 - Tog P/Py Vs

25

Since the t-plots of zeolites are slightly curved, the part of the
plot used for determining the slope and the intercept has to be
specified. In the present application the ra'nge employed is from t is
6 & to t is 9 &. The straight line drawn :t'hrough'_ the points in this

30 range with the aid of the least squares method has an intercept Vpj
and a slope aVa/at. | | '



10 prepared by a process anal ogous to the process described in Exanple -

1. . Care was taken to ensure that the anount of zeolite in both

«catal yst syp 9s;33syas the sane. The catal yst was prepai;@f}gg)é{?mﬁl ng
appropriate amounts of the zeolite used in Exanple 1" an

pseudoboehni te al um na used in Exanple 1. 15 Sufficient dilute [err] was
added to create an extrudable m xture, whi ch was subsequently

ext ruded. The dried extrudates (one night at 120[err]©) were
calcined in a rotary calciner at 550[erg]C for 1 hour, using a fl ow
of 6 [err] of air preheated at 300[err]C 20 The extrudates were sized
‘to an average length of 4 mMm A solution cont ai ni ng appropri ate
amounts of gAMijang. nickel nitrate was used to create a final netal

| oadi ng of 21 Wt % W3 and 6 w% [err] by pore vol une i npregnati on.
The extrudates were dried at a tenperature of 132[err]C for 1

hour. The Prdﬁdr@dmrﬁxbf Udam&roc(r%@@{r@r rdftaly v eedrp@nddng Veaed 22eolite

cal ci ned |n gtary calciner at 470[err]C for 1 hour, using a flow of 6
Nn8/ h of ai P"b‘rc fi2ated at 300C. 30 VO 95/ 33562
PCT/ ER95/ 02132 23
Tabl e "1: Ap . | yst
Conpar atweg@ya Dgﬁnffbmsmg c%teF tzeoflg}%e opETtigles accordthd ¥?ertr (nm
2,429 1nvent1on vgasmggepared as followswt fooMakg of commercially @vanlable
8&03 s ¥ zeoht&"tm%hA&l?Oa% of 24.29 & and?‘% %ﬂma alumina mo]ar3fat50 of

: i erties
vvt.%(;v\l)s about 30 an amogﬂ’czof 70 kg water was Zq;;idgd to create a 236§ &’N?
6,0 10 The slurrySyadd milled in a dyno-mill glass pearl mill. After milling

the mean particle size of the zeolite particles was 2,3 micron. To
80,45 kg slurry (containing 13,2 kg zeolite and 67,33 'k-g water) an
additional 114 kg of water were added. The slurry was stirred in a 250
liter reactor. 26,52 kg of a 5 wt% alumina slurry (Zavg is 200 nm)
which had been peptised using HNO3 was added to the zeolite slurry.
The slurry was aged for 15 minutes. The solid product was filtered off
and dried overnight at 120°C. The material was subsequently calcined
at 300°C for 45 minutes in a muffle furnace.

The thus-obtained coated zeolite part1cles possessed a coatmg of
20 10 wt.% of alumma calculated on the weight of the zeolite.

15

1063 g of milled coated zeolite as preparéd above (L0I=5,95%) were
mixed with 1324 g of pseudoboehmite alumina (L0i=24,49»°s). Sufficient
dilute HNO3 was added to create an extrudable mixture, which was
subsequently extruded. The dried extrudates (120°C, overnight) were
calcined in a rotary calciner at 550°C for 1 hour, using a flow of 6
Nm3/h of air preheated at 300°C.

25

The extrudates were sized to an average length of 4 mm. A solution
containing appropriate amounts of ammonium metatungstate (AMT) and
nickel nitrate was used to create a final metal loading of 21 wt% WO3
and 6 wt% Ni0 by pore volume impregnation. The extrudates were dried
at a temperature of 132°C for 1 hour. The dried extrudates were

30



SPESA (n2/g) 320 354 ' HgPV >1,8 nm

(m/Q) 0, 2180 0, 3069 N HgPV >2,1 nm (m/g)

0, 2127 wo95/33562 O, 3019 10 HgPV >5 nm (i / g) PCT/EPIIN2IR

0, 1617 HgPV >10 nm (i /g) 0, 0026 0, 0809
Exanpl e 3: Cat al yst Testing 15 Catal yst A and Conparative
Catal yst A" prepared as described in Exanples 1 and 2, respectively,
were tested for their suitability in - hydr ocr acki ng hydroCarbons.
To this end, 100 nl of each catalyst, 22 diluted with carborundum
were |loaded in a tubular reactor fitted with 20 a thernmowel | .

The catalysts were pretreated at 370[err]C in a flow of [err]
(98 Vol % 2 Y¥eldihedatn 30 rbair‘,y am‘ctmef‘l ow 4780@ fofr TOhddr/, husimgt al fTowr of 6
br eakt hr oug&u‘_g/}gh&g a%*a{) ?’equent |y cooled down to 150[err]C, 25

and purged |ch t éed was introduced. The feed was
a hydroprocessed VC{)mAth t he propertles given in Table 2. 30

WD 95/ 33562 ple 2:

PCT/ EPO5/ 02 153P '€ &F | - 24
Table 23: Feed properties ASTM D- 1160 | BP - 206[err]C
3% 22pF@arhGion of a reference catalysi0%omprising2Gineoafe@ zeolite
30% SZgl[te%EtilSC ' 50%:- 408[err] C

Comparative Catalyst A' comprising uncoated zeolite particles was
prepared by a process analogous to the process described in Example 1.
Care was taken to ensure that the amount of zeolite in both catalysts
was the same.

The catalyst was prepared by mixing appropriate amounts of the zeolite
used in Example 1 and the pseudoboehmite a]umiha used in Example 1.

Sufficient dilute HNO3 was added to create an extrudab]e mixture,
which was subsequently extruded. The dried extrudates (one night at
120°C) were calcined in a rotary calciner at 550°C for 1 hour, using a
flow of 6 Nm3/h of air preheated at 300°C.

10

15

The extrudates were sized to an avefage length of 4 mm. A solution
containing appropriate amounts of AMT and nickel nitrate was used to
create a final metal loading of 21 wt% W03 and 6 wt% NiO by pore
volume impregnation. The extrudates were dried at a temperature of
132°C for 1 hour. The dried extrudates (120°C, overnight) were
calcined in a rotary calciner at 470°C for 1 hour, using a flow of 6
Nm3/h of air preheated at 300°C.

20

25

30



5 70% ~ 437[err]C 90%

488[err] C 95% 513[err]C

FBP W os2366C Density (50[err]C -0, 85%19¢

Ni trogen 16 ppm 10 - Sul phur _ &10218,2021
w . % Refr. | ndex 1,4761 CH NW

13, 26 Ani l i ne pt. 88,6[err]C - Aromatics

Sat s+0 ef - 70,9 w. %15 Mono 22,3 W . %
Di 50 wt.% Tri+ 1,9 wt. %

In this table, CH NWR stands for the V\Blzgjht percent age of hydrogen in
the feed as determ ned with hydrogen NVR The ot her paraneters are

known to theaprs SQnagddivith €4t ipatd he art. 20 The catal ysts were
tested under two conditions. |n ddtg)fdtr at case Comparatit&i tathdydth@r second
stage hydrocracking), the tenperature was adjusted to reach a
conversi on @eolid¥ pidpersééectivities of the catalysts at this
conversi on | evel agr énngi ven in Tabl e 3,4295 Tab)4293: Sel ectivity at
second st age hydwﬂcﬂadﬂmn ®rldduct / Boi | i ng 0Adge
Cat al yst A njs)aﬂ;iDBve Cat al yst 389 36.5- C4 _
2,8 % 5192 3GA 85[err]C 35,8 7,0
8,4 30 Cata1y585prm@[r§‘re51 C 29,5 30,5
196- 260[ err] C xg % N?S 16 8 2102 1252%3
260-391[err]C 7 , 5 2 I n the
second case (si marpﬁs‘? r{ﬁ' (Q)r t ?tage 3@8%8crack| ng), 35138 eed WO
95/ 33562 8 nm {ml7g) 6%cT/ EP95/ 02132
HgPV >2,1 nm (ml/g) 0,2127 0,301
10 HgPV >5 nm (ml/g) : 0,0153 0,1617

HgPV =10 nm (ml1/g) 0,0026 0,0809

Example 3:

" Catalyst Testing

15
Catalyst A and Comparative Catalyst A' prepared as described in
_Examples 1 and 2, respectively, were tested for their suitability in
hydrocracking' hydrocarbons. To this end, 100 ml of each catalyst,
diluted with carborundum, were loaded in a tubular reactor fitted- with

20 a thermowell.

The catalysts were pretreated at 370°C in a flow of Hp/HpS
(98 Vol%/2 Vol%), at 30 bar, and a flow rate of 70 N1/h, until HgS
breakthrough. The ca'talys'ts were subsequently cooled down to 150°C,

25 and purged with Hp, after which the feed was introduced. The feed was
a hydroprocessed VGO with the properties given in Table 2.

30



25 was spi ked with 1000 ppm N and 2 wt% of S, using tert. butyl am ne
as the ni trogen source and dinethyl di sul phide (DMVDS) as the sul phur
sour ce. &ﬁgfrature was adj usted to reach 40% conversi

selectivitre the catalysts at this conversion |evel ge‘é’F@éﬁ”Fﬁ 5
Tabl e 4. Table 4: Selectivity at first stage hydrocracklng
Product/ Boi l i ng range Catal yst A Conparative -Catal yst A

a- - 1,0 1,7 10 C4- 85[err]C
4,5 4,7 85-196[err5é3- 16,5

16,0 196- 260[err] C 12,5 . 11,8
260-391[err] C 31,5 32,5 Sur prisingly,
the catal ygliea8CRbE :}gaaé,%eg he invention shows a significantly

| ower select|V|ty to products in the lower boiling range 15 (up to
85[err]C), asamdp-11e6pecijpply unggec second stage conditions, a
significantly inproved nmggdl e digigecl ate selectivity. . Exanple 4.
20 Preparation of a qg%al yst 3aBwri sing coated silica-alunina _
First the anmobunt of Al1238%needed3Z83Ccoat the silica-alum na sanple was
determined. To this end50%a seri e#85C het erocoagul ati on experinments was

perforfred. The required/78kount w&d/°Cound to be 19 wt.% 25 To 4000 g
of silica-alum na conpri®%ng 75 4@8°% of silica and 25 wt. % of alum na
an anount of 26 kg wat e@5%as add®3°Co create a 13%slurry. | The slurry
was nmilled three tinmes iFBPa dynomMA°C gl ass pearl mill. The mean
particle size of the %lllca alunina after mlling was 6,1 [err] 30 Af ter
mlling, aearbunt{58iC)7678 g al UhiBa82 sq/lﬂ‘r]ry (Zavg is 200 nm, whi ch ‘

h 19 Wt . % of F

had been p T%ﬁw using dilute [ Ppm 5 added to coat the
silickal um ‘t%er 15 minutes of stirring the

slurry was Fﬂs rni ght on pI % at 120[err]C. To secure the alum na
Aniline pt. 88,6°C '
Aromatics |
Sats+0lef 70,9 wt.%
Mono 22,3 wt.%
15 Di 5,0 wt.%
Tri+ 1,9 wt.%

In this table, C/H NMR stands for the weight'percéntage of hydrogEn'in
the feed as determined with hydrogen NMR. The other parameters: are
known to the person skilled in the art. o

20
The catalysts were tested under two conditions. In the first case
(simulating second stage hydrocracking), the temperature was adjusted
to reach a conversion of 70%. The selectivities of the cata]ysts at
this convers1on level are given in Table 3.
25 : .
Table 3: Selectivity at second stage hydrocracking
Product/Boiling range Catalyst A Comparative Catalyst A'
Cl1- c4 ' 2,8 2,8
C4- 85°C 7,0 8,4
30 85-196°C 29,5 30,5
' 196-260°C 16,8 15,5
260-391°C ' 27,5 26,5

In the second case (simulating first stage hydrocracking), the feed
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26 . to the silica-alumina the material. was calcined at
300[err]C wovsi#8s62  mnutes in a nuffle furnace. ' P&,ﬁﬁs,%ﬂ,gt was
prepared using the coated silica-alumna. 947,26 g of 5 | ed coated

silica-alumina (LO=16,39% were mixed with 1322, 4 g of

pseudoboehnite (LO =26,8% and 240 g [err] Dilute [err] was added to
create an extrudable m xture, which was then.extruded. After drying
overnight at 120[err]C the extrudates wer gz calcined in a rotary cal ciner
at 550[err]C for 1 hour, with a preheated air flow of 6,23 Nn8/h. 10
The extrudates were si zed to an average length of 4 nm A solution of

cobal t nitraygs hyfikal ewirds wgoagoptnoncaﬁ@tzevﬁzf bhad, nRY tér@aﬂ!t'}garﬁ?lfne as
3,1% CoO. The extrudates were

ried rature 130[ err Cfor
T S R & oy hea el TR o e oM 1oL Ched Cat oy
530[err]C fosodrdeourThe\Mtempea'apmm&atseChdauste‘dl ow Gfeabh 230‘»’Nn8drher§'m f iThal

CRLLt TG b W TR0 1 0t Wi 1T B e 0

As expl aj nedTmﬂfeoﬂe, the presence of a coating on the zeolite
particles facilitates the extrusion of the catalyst particles because
t he coated zeollte particles behave as if they were the oxide with 25
which they Talheed: dpleekivity @t §irstacéage .hvdrqmsmge to prepare
hydr ocr acki ng cat al ysts wi thout any additional support material at

all. This e llustrates that i i_ndeed SS|bIetoe rud

matrix corrpr ]éag 780f%t e partltcéi:% ?hou ratiye F?)tr?aVSt%
matrlx terlal r_ Jader bei ng present. 28()1l grans of the
coated eolite e d|n Exarrplel(lo rr] in 160coatlng, LO= 8,8
% were kneaded 1¢f 8 grans of water m’)ged ith 11, SSUffICI ent J[err]
to prepare an ngxjglugabl e mx. 2,9 g %m; of a 32,5

Surprisingly, the catalyst acc‘:ording to the invention shows a

significantly lower selectivity to products in the lower boiling range
15 (up to 85°C), and, e_specialll'y under second stage conditions, a
' significantly improved middle distillate selectivity. |

Example 4:
20 Preparation of a catalyst comprising coated silica-alumina
First the amount of Al203 needed to coat the silica-alumina sample was
determined. To this end, a series of heterocoagulation experiments was
. performed. The required amount was found to be 19 wt.%.
25 '

To 4000 g of silica-alumina comprising 75 wt.% of silica and 25 wt.%

of alumina an amount of 26 kg water was added to create a 13% slurry.
The slurry was milled three times in a dynomill glass pear] mill. The
- mean particle size of the sﬂu:a alumina after milling was 6,1 um,
30 After milling, an amount of 7678 g alumina slurry (Zavg is 200 nm),
which had been peptised' using. dilute HNO3, was added to coat the
silica-alumina with 19 wt.% of Alp03. After 15 minutes of stirring the
slurry was dried overnight on plates at 120°C. To secure t_he alumina
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27 commercially available surfactant was added as extrusion aid.
The wo J9¥3%k¢ar € was extruded to form 1,5 nm cylinders. pemagokpfn: of t he
extrudates was statically calcined at 550[err]Cin air. The crushing
strength of the extrudates was satisfactory. 5 Exanpl e 6:-

I nfluence of the presence of a coating on the stability of zeolite in

a basic environment. 10 The resistance to basic circunstances of the
Y-zeolite used in Exanple 1 in cogted and uncoated condition was
tested as foll ows. 5,32 grans of Zeolite particles, either coated or
uncoat ed, h\lilerga added to a jar containing 10 mM of a 0,1 nole/l

amoni unt ri J- : T f e taH negheredagt @ssl urr
was set to ?hgﬂge??g‘%ﬁ %mum%vaﬁhgehl\%t?thgS%?m%ﬂ?ﬁ%dﬁoxﬁbe; ?ﬁg ?Isurri e>s/
were heat e@ipges1imaumuffle fugpacgorerrjc, and dried overnight at 120[err]C. .
The crystallinity of the zeolite sanples was determ ned using X-ray

diffraction accarding t ASTM net hod 906.. .Th s '
Such nas uBeasEa Y8t athmipreparag USTg, ARENESRtRd OF ieArh I e S0 24k oo “a
éOOOS/?[ ar’-kl)-hf mesldd soated lsédica-aluminae$tBI=46 395 veerd midebwéth. 1322,4 g ofabl e
: il 4 (% [ d | i+
“pH tp¥et?Job88fﬂ'ﬁ1etg ,?gﬁh ni’@t &ha?286 ! § %ngygpa“{%l@isﬂﬁ was af@ddithi ONS

25 crys -

uncoat ed zeotalee an extrudabdesmitureo|which was then- extruded. After dr%ng

(1;/() 8vernight at 120°C4’§f’e extruldgtes were calcined b a rotaryd calciner .

7 at 550°C for 1 hour, with a preheated air flow of .23 nm3/n. (|
10

The extrudates were sized to an average length of 4 mm. A solution of
cobalt nitrate hydrate was used to create a final metal loading of
3,1% Co0. The extrudates were dried at a temperature of 130°C for 1
hour. The final calcination was carried out in-a rotary calciner at
530°C for 1 hour, with a preheated air flow of 6,23 ‘Nm3/h. The final

15 - .
catalyst contained 11,5 wt% Mo03 and 3,1 wt% CoO.
Example 5:
20 Extrusion of coated ze_oh'_te particles without a binder being present

As explained before, the presence of a coating on the zeolite
particles facilitates the _ext'rusion:of'the cat'aTyst particles because
the coated zeolite particles behave as if they were the oxide with
25 .which they were coated. This makes it possible | to prepare
hydrocracking catalysts without any additional support material at
all. This example illustrates that it is indeed possible to extrude a
matrix compr‘iSing coated zeolite partici'es without any additional
matrix material or binder being present. '
30 : S . o .
280,5 grams of the coated zeolite prepared in Example 1 (10% Alp03 in
coating, LOI= 8,8 %) were kneaded with 238 grams of water mixed with
sufficient HNO3 to pr‘épa’rg an extrudable mix. 2,9 ‘grams of a



From Tabl e 5 can be seemthat both for coated zeolite particles and 30

for . uncoated zeolite particles the crystallinity decreases wth
.increasi ryoopBsse2 However, it is evident that the coapefepssRaiiat e

particles suffer less fromthe basic conditions that the uncoated

WD 95/.33562

PCT/ EP95/ 02132 - _ ' 28
zeolite particles. Thus, it nust be concluded that the coating
protects the zeolite fromthe high pH values. 5 10 15
20

commercially available surfactant was added as extrusion aid. The
mixture was extruded to form 1,5 mm cylinders. A portion of the
extrudates was statically calcined at 550°C in air. The crushing
strength of the extrudates was satisfactory.

Example 6:

Influence of the presence of a coating on the stability of zeolite in

a basic environment.
10 ‘ .
The resistance to basic circumstances of the Y-zeolite used in
Example 1 in coated and uncoated condition was tested as follows.
5,32 grams of zeolite particles, either coated or uncoated, were added
to a jar containing 10 m! of a 0,1 mole/! amﬁoniumchloride solution.
The pH of the thus obtained zeolite slurry was set to the desired
value with 25% ammoniumhydroxide. The slurries were heated for 1 hour
at 80°C, and dried overnight at 120°C. The crystallinity of the
zeolite samples was determined using X-ray diffraction according to
ASTM method D3906. The uncoated zeolite as such was used as standard,
20 and the crystallinity thereof was set at 100%. The results of these

tests are given in Table 5.

15

" Table 5: Stability of coafed and uncoated zeolites under basic

conditions
25 .pH crystallinity ' crystallinity
_ uncoated zeolite coated zeolite
) | (%)
8 34 66
g 11 24
10 0 E 7
From Table 5 can be seem that both for coated zeolite particles and
30 for uncoated =zeolite particles the crystallinity decreases with

increasing pH. However, it is evident that the coated zeolite
barticles ‘suffer less from the basic conditions that the uncoated



25 30 Claims 1. Hydrocracking catal yst conprising at | east

one hydrogenation net al conponent and a cracki ng conponent which is
either a zg@ldshh&a = cracking canponent, or an anor phoupcriEpIsliig
conponent, or a m xture thereaof, wherein the zeolitic cracking
conponent is an alum nosilicate zeolite or a non-alum nosilicate

nol ecul ar si eve, whi ch catalyst is characterised in that at |east 50%
of the outer surface of said cracking conponent particles has been
coated with a layer of pre-fornmed i gani ¢ oxi de and/ or hydr oxi de,
whi ch | ayer has a thickness-in the range of 10 nmto 5 [err] 2.

Hydr ocracki ng catal yst according to claim1l wherein the cracking

component Pl gL CHaPela dleeiont ¢f fuseonieacidritiudtcosiad the edarakyng
conponent particles having a mean particle size in the range of 0,1 to
10 [err] wi PFPigtadiieotROITER iTiome i‘gﬁr@ ﬁ%ﬁ@?cl es of- the oxide to be
provi ded having a particle size in the range of 10 to 5000 nm wth the
rati o between the oxide particle size and the nean particle size of the
cracki ng conmponent particles being in the range of 0,001:1 to O,5: 1.

3. Hydrocracking catal yst according to claim2 wherein the cracking
conponént particles are dried and/or calcined after they have been
contacted with the oxide particles containing aqueous nedium 4.

Hydr ocracki ng catal yst according to any one of clains 1 to 3 wherein

t he cracking conponent is a zeolitic cracking conponent.

10

15

20

25

30



5. Hydrocracking catal yst according to any one of claims 1 to 3 wherein
the cracking conponent is anorphous silica-alum na, al um na-silica,

ar .silica-wemwsmsssa. 6. Hydrocracking LR 0 PCI/EPSSIO213DNE
of the preceding. cl ai mrs wherein thg mst%ﬁa]sm@lgggﬁ | um na or
alum na-silica. 8. Hydrocracking catalyst aEEBLAGEY to ,y one of the
pr ecedi ng clains wherein a G oup VIB-fet a Goup. Vil
nmet al conponent are present as hydrogenation netak—e%ﬁpenenps___lr__LBe
of the hydrocracking catalyst according tg any one on the recedi ng

. claims in the hydrocracking or ml|d hydrocracking of ﬂgﬂmﬂm ds.
WO 95/ 33562 PCI/EP ﬂﬂ
8. Hydrocraulsisg catalyst according to -any one of the precedlng
clainms wheréin a Goup VIB netal conmponent and a Group VIII netal
conponent are present as hydrogenation netal conponents. . Use of

t he hydrocr alcki hyfroatradkisg cadebysti agmprising agnkeast e hydrogenatmne@@'@ﬂng
fclegldrSn.s in the hmﬂp‘aﬁé@tckdr{?ig aorcrH‘tkﬁwghy&hB&{e@ﬁk' AR Af is either Ny dedtatikon
g cracking component, or an amorphous cracking component or a
mixture thereof, which catalyst is characterised in that at least
50% of the outer surface of said cracking component particles has
been coated with a layer of pre-formed 1norgaﬁ1c oxide, which
layer has a thickness in the range of 10 nm to 5 wum.
10
2. Hydrocracking catalyst according to claim 1 wherein the cracking
component particles have been coated by contacting uncoated
cracking component particles having a mean particle size in the
range of 0,1 to 10 .m with an agueous medidm containing particles
of the oxide to be provided having a particle size in the range of
10 to 5000 nm, with the ratio between the oxide particle size and
the mean particle size of the cracking component particles being
in the range of 0,001:1 to 0,5:1.

15

20 3. Hydrocracking catalyst according to claim 2 wherein the cracking
component particles are dried and/or calcined after they have been
contacted with the oxide particles containing aqueous medium. '

4. Hydrocracking catalyst according to any one of claims 1 to 3

25 wherein the cracking_component is a zeolite.

5. Hydrocracking catalyst according to any one of claims 1 to 3
wherein the cracking 'component is amorphous silica-alumina,
alumina-silica, or silica-magnesia.

3 0 ’ ° . »

6. Hydrocracking catalyst according to any one of the preceding
claims wherein the coating oxide is alumina or alumina-silica.

heet Has Been Replaced
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8. Hydrocracking catalyst according tb any one of the preceding
claims wherein a Group VIB metal component and a Group VIII metal
component. are present as hydrogenation metal components.

7. Use of the hydrocracking catalyst according.': to any one on the
preceding claims in the hydrocracking or mild hydrocracking of
hydrocarbon feeds. -
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