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iROCISS !'OR 'fHI IM>it'JCMCKING OP A 

!~~~M.C!OUS !'U!)STOCK 

The p:esenc inv•ntion :ela~es to a proces• ~or ~· hydro­

==acking o~ a hyd:acarbor.aceous :eecistcck containing a relativel1 

low amcunt of nit:ogen. 

~he:e exist3 a la~qe nW'Dber of p:ocesses fo~ hydrocrackinq 

S hydro:ar~onaceous feec!atocks and numerous catalysts that are ~ed i~ 

~ese processes. Many o~ these p:ocesses co:=prise two stage$, a 

hyd:otreating stage and a hydl:oc:acking sta;e, ~he e~o staqes 

ope:aeinq with diffe:e..~t types of oatal:ses. 

?:oduct t~om the fizst ~taqe ma1 he treated to remove ammonia, 

10 hyd:ogen sulphide ar.d othe~ light gases p:icc ~o beinq pa$&ed to the 

second s~age, or product m.ay be passed d!:ec:ly t= t~e second stage. 

In ~his two z:ag~ o: se:!es-flow l'CIOde of operation th• hydrocraekinq 

s~a9e is frequec~:y :e:e::ed to as a s~cond stage hyd:o~racke~. 

Hy~:oc:ackinq is as sue.~ a ~ell-es~ablished p:ocess in Which 

15 hea·Jy hydrocar:bor.s are contac:~ed in ~htt ?reunce of hyd.::ogen wi.~h a 

nydroc::acA~ng ca~aly~~. The tempera~~=~ a..~d p:essure appli~d are 

:elati~ely hi;h, so t~at the heavy hyd:o~arbons a:e cracked to 

produc:~s cf a low~r ave:age mclecula: ~e~ght and lowe: boi~ing 

20 

poi~t. 

These products i~c:lude gaseo~s rnatar~a:, i.e. C1-c4 hydro­

carbons, naph~ha and a m1ddle distil~a~e f:ac~~o~, i.e. a kero~ir.e 

fraction and a gas oil fraccio~. 

Since the gaseous products are net ve:1 much wanted and si~ce 

there is an inc:easi~g demand fo~ middle distillates, it would be 

25 adva~tageous to have a hyd:ocracking ?rocess available !o= 

con•re.rt.ing hydroc:arbonaceous :feed:so:ocks that: shows a cons.:.de.rable 

se:ectivicy towards middle di=~illate3 and a low qas make. 

I~ has now been found ~hat a s~=pr~5i~qly low gas ~~ke and a 

high y~~ld o: middle diseilla~es can ~e obta!~ed if a hya=o-

30 carbona~eou~ feedstock conca1~i~9 a relac~ve:y low a~~u~c o: 
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nit:o~er. is passed ave: a catal~st system comprisin9 a specific 

sequer.ce of hyd:ocraeking catalysts. 

Accord~nqly, tee present invention relates to a p:ocesa fo: 

ntci=ocracking a hydroca:bonaceous feedstock containinq less than 

5 ~00 ppmw N by contac~ing the feedstock at elevated temperature and 

pressure in ~he presence of hydroge~ with a hydracraekinq ca~alyst A 

and wroereiu at least a portion of t.he product so obtained is 

subsequently contacted with a hydrocracking catalys~ B at elevated 

temperature and pressu:e and in the presence o! hydro;en, whe:eby 

10 the hydroc:acking catalysts A and B have a as > : and a RA.RV< S. 

In the context of ':he pxesent invention the RS (:atic of 

selecti\•i -:ies) of two respec~i ~-e hydrocrackinq ca. talys:s is defined. 

as follows: 

selectiviey hydrocracking caealyse A 

RS = 
selectivicy hydrocraeking catalyst B 

wher~y the selectivities are exp:essed as se~ectivities towards the 

lS C1-c4 hytl:ocarbons fraceton (Ci-c4), for conversion into 370 °c­

products, when ehe hydrocrackin9 catalysts ara applied under 

particular (standard) process eondieions. Tha~ is to say applying a 

pa.rt.:.cular ca:a.!yst volume, tempera::u.re, pressure, !eed, space 

~elocity, qas/feed ra~io and a reactor loadin9-method. The 

20 selectivity towards C1-C4 hydrocarbons (Sc1-c4> is determi~ed ~~or.i. 

the fo.rtnula: 

(Cl-C41product - (Cl-C4)feed 

In the contexc of -::he present ir.·1er:tion it is f:..:.:::t~e.::: ::bse.rved 

~hat the ~ (tat!o of activities) of twc respec~ive hydrocracking 

catalys~s is defined as follows: 
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k hyd.rocrackinq catal~st A 

RA= 

k hydrocra~kir.q catalys~ B 

whereby k is defined as ~he reaction rate constant. of the :espectiv~ 

hydrocracking catalys:s, for convers~cn in~o 370 °c- products, when 

applied under particular (s~andard) process cond.1':.ions. This means a 

pareicula: catalyst volume, eemperat~re, pressu=e, feed, $pace 

S velocity, gas/feed ratio and reacto: loading-ir.et~od. 

In the contexe of the present inven~ion ic is further obse.z:ved 

tha~ RV (rat!o of volumes) i5 defined as follows: 

:eact.or volume loaded. with hyd.i::oc:rac!cing c:atalys:. A 

RV -

r•a~tor vol1.<..~e loaded with hyd:ocrackinq cat.alyst B 

whereby the same p~rticula: reactor loadinq-me~hod is a~plied for 

bo~h hyd~ocracking ca~alysts. 

10 Sc~~ the RS and the RA are to ~e determined after the ~ydro-

13 

crackin9 catalysts have been a~lowed to $tabilize under the 

particular (standard) procass eon~itions. 

A set o~ particular [standard) process cor.aitions as mentioned 

hereinaecve may include a te.'t!Perature of 390 °c, an avera;a hyd:ogen 

part~al pressure of 12.4 MPa (124 bar), a space va~ocity of 0.6 

kg/l/hr, a hydro~reated !lashed distillate conta~nin9 23 ppmw N, a 

gas/feed ratio of 2COC Nl/kg and a dense-bed loading method. 

!t is expected fer a catalyst systeM of a hydrocrae~ing 

catalyst A and a hydrocracking catalyst B ~hat the qas ~~ke and the 

20 ~~ddle distillate yield will be the average of the individual 

contributions of the catalysts weighed by their respective 

act~vities and volumes. Howev~r, in accordance with ~he present 

invention surprisingly a lower gas make and a higber ~~ddle 

dis~illate yield, -:ban expected, can be obtained by s~lec<:inq a 

2.S seq~ence of hyd%oc~ackin~ catalysts wherein :he f~rst hydroc~ackir.~ 

caealyst has a highe: qas ~4ke and a RA.RV < 5. 
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Sui:a~ly, :he hy~ocracking catalysts A and B are selected ~n 

su~h a way that the RS ~ l.l. Suitably, tbe hyd:o~racki.n~ catalysts 

A and 3 a:e selec~ed in sucn a way tha~ 1.1 ~ RS ~ 4. Pre!erably, 

t~e ~ydroc=acking catalysts A and 5 a:e setec~ed in such a way thac 

S C.l ~ ::u\.RV ~ 3.5, mo&e preferably they are selec:ec so tha: 

LO 

C • 2 ~ AA. RV ::, 2 • 

suitably, the hydrocracking ca:alysts A and B are selected so 

that RS/RA > 1. Suitably, the hydroc~acking cataly$t~ A and ! are 

selected so that l < RS/'RA < 3. 

At least par~ of the product obtai~ed over hyd:ocracking 

catalys~ A is contacted with hyd=ocracking catalyst 9. Suitably, at 

least 50% by volume of the product obtiC.r.ed over hy~=ocracking 

catalys~ A is contacted with hyd:oc:acking catalyst 3. 

Suitably, at least part of the p:od~ct obtained over 

l' hydro.::::rack!ng ca~alyst A can be recycled. to hyd.z:ocracxinq 

catalyst .i\. 

20 

Suitably, at least part of tne product obtained over 

hydrocrackin9 catalyst B can be recycled to hydroc:acki~g catalyst A 

and/or hydrocrackir.g catalyst B. 

Suitably, the cortplete product obtair.ed over hydr~c~a~r.ing 

catalyst A is con~acted with hydroc:acking catalyst B. 

The hydroe:acking ca~alysts A and ~, respec~ive~y, ca~ be 

arrang~d in one or :more beds With hydrocrackin; catalyst A and one 

or mere beds with hydrocracking cataly$t E. The bed o= beds w~th 

25 hydroc:ackin9 catalyst A and the bed or beds wi~h hydrocracking 

catalyst B can be arranged in one or more reactors. Suitably, the 

hyc!.:ocracking catalysts A and B are applied in stacked-bed 

con!iguntion. 

30 

Suitably, the RV~ 5, preferably i~ the :ange from 0.1 ~o 2. 

Suitably, the hydrocrackin9 catalysts A and B are selected in 

suc:h a way that RA~ (, Suitably, they are selectad ir. s~ch a way 

th.at l < ~ ~ 4. 

Pretera~!y, ~he proce~~ is ear~ied ou~ 1n such a way that the 

p=oduct obtained over hydrocracki~; catalyst A comp:i~es at leas~ 

35 50% by weigh~ of 370 °c- p:oducts. 
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Su1tably, Che p*esent p:acess ia ea:ried out in sue~ a way that 

zac:e than 3Gl by weight conversion :f 370 °c + boiling pcint 

mat•:ial is establish.cl. erefe:ably, more t.~an 40' ~y weight 

conversion is established. Suita~ly, the amo~t of C1-C~ 

S hydrocarbgns produc9d is lesa than 20' by weight on feed. 

The hydrocracking catalysts A and B zaay be any cor.ventional 

h~roc::cacking catalyst provided that l:lotb the RS and ~ •• ~v fulfil 

the requi:ement.s as :set out he::e:.nahove. i'or example, 'Che 

hycirocrack1nq catalysts :A and B :may be fresh and regenerated forms 

10 re•pectively of the same catalyst. 

Suital:>ly, the hyd.rocrac:lcinq catalys~s A and & ecmprise a 

support con:prisinq a large pore U\Olecular s~eve and a binde:. 

The molec~lar sieves have pores large: :han 6 A, preferably 

be~ween 6 and 12 A. Suitable wide pore molecular sieves a:e 

lS described in the book Zeolite Molee~lar Sieves by Donald W. Breck, 

Robect E. Krieqer Publishing Co., Malabar, Fla., 1984. S~itable wide 

pore mole~~lar sieves comprise the crystalline a:u~~nosili~ates, the 

c:ystalline alumir.c~hosphates, ~he crystalline 

silicaalwninophospha~es and the cryst~l!ir.e bo:osi:icaees. ~referred 

20 are the crystalline allllllinosilicates or :eolites. The zeolices are 

pre~erably selected fro~ the group c~nsistini of !aujasite-type and 

mordenite-type zeo~1tes. Suitable examples of the ~aujasite-type 

zeolites include zeolite Y and zeolite x. Other wide pore zeolites 

such as z~olite L, beta and omega Gan also be used alcr.e er in 

15 combination wien the more p:efe~:ed zeolites. 

The most preferred wide ?Ore zeo!ite ccmprises a zeolite Y, 

prefe~ably an ~ltras:able zeolite ~ (zeolite USY) . The ~ltrastable 

zeolites used he:ein a~e well known to those skilled in the are. 

They are for 1~stance exemplified in US 3,293,1~2 and US 3,4(9,070. 

30 They are generally prepared f~om sodium zeoli~e Y using ona or !llCre 

am=oniUltl ion exchanges followed by steam ca1cina~icn. 

Suitably, hydrocrackir.q catalysts A. and B each co~.p~ise a wide 

po~e zeolite. P:eferably, b~th hyclrccraekinq catalys~s A and B 

comprise a zeolite ~, particularly a modified ze~lite ~ r.avi~g a 

JS unit cell size below 2.445 r.m {24.45 'A). In tha lat~er case, 
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hyd~ocrackinq catalyst A has prefe:ably a con~ent of :eolitd Y which 

is at least: equal to the zeoli~e y c:ont:en~ of hydrccrac:ki::q cat&1.j.-s~ 

s. In o<:her worda, the ratio of the z•oli:e Y ~¢nte::ts of 

hyd:o~=ackinq =atalysta A and a CYl/~2) is at leas~ l. More 

S preferal>ly thi:s z:a-tio is in ~.e :ange f:om 2 :o 1.2. 

Hyd:oc~ackir.g catalys~s A and B may each co:np:ise an amoun; of 

%eolite Y i~ tbe ranqe f:om 1% ~o 9Si by weiqht, based on total 

support. 

Hyd:ocrac~ing catalysts A and B will ea::h :u:the: coir.pr1se at 

10 least one hydroger.a~ion component o! a Grou~ V! ~etal a.~d/ar at 

least one hydJ:oge."1.ation component of a G.roup v::: :net:al. Suitably, 

the catalyst composition according to ~he p~esent invent!on 

cornp:ises one o: mo:e components of nickel and/o: cabal~ and one c~ 

more cnmponents of molybdenu."il. and/or tungs~er. er one ~r ~.ore 

lS components ot p1a~inum anc/or palladiUll\· 

The amour.t(s) o: hydtege~ation ccmponent(s; in the 

hydroc:acking catalysts is preferahly in the :ange f:om 0.05 to 10% 

by weighc of Gro~p V!I! metal corr~onent~sl and :rem 2 to 4C~ by 

wei9~t e: Group V! ~eta: componen~{~l, calcula~~d as metal\sl ~e= 

~O lCO parts ~y weight cf ~otal catalyst. 

Mo.re p:i:efe.rably, the amount(s) o! hydro~e:iat:.on compor.er~t(s) in 

the hydrocrackinq catalys~s is !n the ra:lqe f:cm 0.5 to 8% by weight 

of Group VII! metal component(s) and from lC ~o 25~ by weight of 

Group VI metal coir.penent(s), calcula~ed as mecal(s) per lCO par~s ~Y 

25 weight of total ca~alyst. 

~~eferably, the total ar.o~unt of hydroqenaticn eo~ponen~(Si in 

hydroc.rackinq catalyst A is equal to o: less than the to~al a.~ount 

of hydrogenation eomponent(s) in hydtocrackinq cata:y~~ a. !n ochar 

words, th!! ratio of ~he ainount:s of hyd::oqena~ion ::ornponent is) in· 

30 hyd::ocrackin9 catalysts A and B (hA/hBl ~s at mo~t 1. ~0~2 

p~eferably, hA/hB is in the ra~~e f=om 0.5 to :. !~ a ve~y 

attractive ezr,bodi.ment of the p::esent invention hA/hB is less than 1 

whereas Yl/Y2 is more than l. :n a prefer:ed embodiment o: the 

present inv~ntion hA/hB is in ehe range :rem C.S ~c 1 whe~eas Yl/~2 

35 is in ~he :an;e from 2 ~o 12. 
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The hydrogenation compouent~ in the hydroc&ackinq cacalyst~ may 

be in ehe oxi.dic &l".cl/oz: sulphid:!.c: to.rm, ir:. paJ:tic~a..c in the 

sul;n!di.c foCA. It a :crmb1natiou of at least a Group VI and a Group 

·.n:II metal cam;ioner.t is pzesent a~ (mixed} oxides, ~t w!ll normally 

be s!Jl:)jeeted tc a sulphidinq t:ea:nent prior ta proper use 

nyd:oc.::aekint;J. 

,_ -·· 
Sui~aDl1~ ~e supports ot b;ydroc~ackinq ca~alys~s A and B may 

coi:.prise a zeolite Y, a binder ar.d/c~ a dispersion of silica-alumina 

in an alwnina. ma'l::ix. 

Prefe:ably, the support of hydrcc:a~kin; catalyst B comprises 

less than 25 by weight ~f the zeoli:e ~. more tnan 25% by weight o: 

binder and at leas~ 30% by weiqh'l: of the :iispersion. 

Prefe:ence is given to supports .of hydr~c~acking catalyst ! 

comprising less than 15\ cy weight of the ieolite Y. 

15 P:efe=ably, t~e support of hyd:oc:ackinq caealyst s has a 

binder/~eol1te Y weight ratio in the range fxom 2 to ~O. 

s~~tab!y, the support of hyd:ocracking caealyat B comprises 40 

to 70~ by wei~h: of the di3persion~ 

Suitably, the alumina matrix CQl':\Prises a transitional alwnlr.a 

20 r.iat:ix, p::e.fera.bl.y a gamma-alumina 1t1atrix. 

The: binder Is) p:esent in the supports of h~·d.rocracking 

cat4ly$tS A ar.d B as de$c~ibed hureinabove suitably eo:r::prise 

inorganic oxides o: mixture& of inorganic ¢~ides. Bot~ a~orphou~ and 

crystalline bindets can be applied, 

25 ~xamples of sui~able binders comprise alu.-ni.na, magnesia, 

titania and elays. If d~sired, s~all amour.es cf other inorganic 

oxides such as zirco~ia, titania, ~..a.qnesia and silica may be 

pxesen~. Alumina is a pre!e~red binder. 

Suitably, the c~ystalline al1XmOnosilicate of the zeoli~e Y cype 

30 to be applied in hl•dro·:racking ca-calysts A and s ccm;rise.s a 

modified teolite Y having a unit eel~ size below 2.435 nxn (2~.35 A>, 
a de~ree of crystall1nity which is at leas~ retained at increasing 

Si02/Al2,03 mola: ratios, a water adsorptior. capa.::ity \at 25 !JC and 

p/p0 value o! 0.2) of at leas~ 8~ by weigh"t o! moc!:ied ~eolite and 

35 a pote volume af £~ least 0.25 ml/9 wherei~ be~we~n lO~ a~d 60\ o: 
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t~e to~al pore volum. i: made up o~ po:•• havin; a dia::eee: cf ae 

lea.s;: a nm. '!'bis ':ype o: mcdif!ed :eolite '! ~as ~e-en cie:ie.:~ed in 

detail in !e-!-2,7E79, which i~ he;e!..~ inca::;:o:ated :y :efe:ence. 

?.:eferal:ly, :,ei:ween 10% and. 40i af Ule total po:e vol'.Ce -o! the 

5 mcd~!ied :eoli~e ~ 1~ :nade up of po:es havin; & diar.seee: ~= a: least 

a :im.. 

Sui:a~ly, t~e ir.odified zeolite y has a water aciso:~:i~~ 
capaei:7 o: 8 :o lOt by weight of modified ze~lite. 

=~~!e:a.bly, the 11Cdified zeolite ~ has a SiOzi;\l.203 mo:ar =at1o 

10 in ~he ranqe ~:o= 4 t~ 2~, ~ore p:efersbly in t;ie :a~~e i:o., 8 ~a 

su:.<:a!:Jle p:ocess ccndi tic:~s fer ~~e p::esent hydroc.:ackinq 

~:oces~ cocprise tempe:atu:es in ~he :anqe f:c:m 250 to 500 °c, 
nycrogen ?a:~~al ~=~33u:es o~ up to JO M?a (300 bari a~c space 

15 veloci~ies ~~the range !:;m O.l to 10 kg feed pe: lit:e ca~alyst 

pc: hcu: lkg/l/h:I. Ga3/feec ra:ics in the ran;e ~:em tOO to 

5000 Nl/kq ca~ su:tably be appli~d. ?rete:ably, the present 

hyd:ocracki:'Lg ?rocess is carried ou~ at a temperat~re in ehe ranqe 

f :o~ 300 ·~o 45C °C, a hyd:oqen pa::ial p:essure in ~he :an~e !:om 

20 2.5 t~ 2~ M?a (25 to 200 bar) a~~ a 3pace velocity i~ the ran;e from 

0.2 to 5 t.g :eed pe: lit=e catalyst ~er hour. P:efe:ably, gas/feed 

=a~i~s i~ ~~e :a~9e !rom 25a to 250C Nl/kq a:e applied. 

Feedstocks whi·~h ca:'L suitably be applied i::. "t.~e p:ccess 

accoz:ciinq to t~e present in·..-ent:io;i compri.'Se !!11 sort:i o! 

25 ~yd:~ca=bo~aceous feedstocks as long as they fulfil the teq-wi:~~e~~ 
to con~a~n less t~an 500 ppmw N. Suieably, t~e fee::.:Scock contai~s 

less ~han 200 ?~:m.t N. Su~tably, ~he feeds~ocks coinprise qas oils, 

deasphalted oils, co~er gas oils and other ~~e=rnally o= 
cacaly~ieally cracked gas oils and syncr~des, :pt~onally oriqina~ing 

30 f=om ta= sar.cs, shale cils, :es~due u?q:ac:!..i~9 processes or =~o:na.ss 
or ccr.~~r.atior.s ~hereo=, whic..~ m.ay have bee~ hy~rotrea'=eci ~eto:e 

~eing con-:ac'=ed wi.-:.b h:(<i.::>crac:kin9 ca-:.alys-: ;>,., T~e feeds~oelt.s ca~ 

fo: insta~ce sui:ably b~ ccntac~ed wi':.h an ali.::r~r.a ~on:~inin; 

hy~rot=eat~r.g ca:alyse ?:io: to contac~ wi~h hydroe:eat~n; ca~alyst 
35 A. The feeos~ock will generally be sueh cha: a maJo: ~art, say ove: 
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so~ by weight, has a ~ciling poi~t above 370 •c. 

S~ita=ly, the c~lete pr~uct obtained ::o= such a ~yd:o­
~rea~!nq s~ep is app!~ed aa feedstoc£ in accordance wi~h the p:esent 
inve:ici-:r.. 

S Xn an attractive emboeti.~er.t of the present invention ~se is 
made of th~ee ~eaction zones a:rar.ged i~ se:!es whereby the complete 

ef!luent from a fi:st ~eaction zone is passed to a second r•action 

zone, and c.~e complete e!fluen; from ~he second reaction zone is 
passed ~o a third :eaction z~ne. The ~i:st ~eac~ion zor.e c=r.ip:1ses 

IO an amo:pho~J hydrot~eatin9 catalys: as desc:ibed herei~before, ~he 

sec~r.d :eac~ion zone comprises a fi:st zeolitic hydrocracki~9 
ca~alyst which co~tains at least oce mecal of Gro~p VIS and/o: at 

l4ast c~e metal o: G:o~p VIII, and t~e ~hi~d =eactior. zone ccmp:ises 
a second ~ec~itic hydroc:acking catalyse which c~ntains at l~ast one 

15 metal o: Group V!B and/or ac least cne metal o: Group V!II. The 
zeoli-:.ic hyd:::oc:a;::~i:i.g cat.aly:its f•Jlfil t~e RS ar.d RA. RV 

requirements in acco:dance wi~h the inver.~ion. 

A ~ydLo~reat..~er.: as described hereinabove and the process 
ac:co::dinq to the p:e.sent: i:'l•.·ent;ion car. sui ta:::l!'· be c::a..:ried oue in 

20 reac:ors in series o: in a stackec-bed con:igu:ation. 

I~ anothe: ell1bodiment of the present inv~n~ion tt~ process is 
carried cut in a :·110-sta9e mode cf hyd:::ocrack~nq cperatio~. In t~is 
type of ope.:ation t~e ef:luent obt~ined !:om t=e fi:st :eaction :o~e 

comp:cisin; an a.m::irphous hyd.:otrea:ing cat;alyst is subje:te:I. to a 
25 separation t.:eat~e~t to remove f=om ~he effluene a ga~eous phase and 

a liquid phase including a naphtha and a mi~dle distilla~e fractior.. 
The remaining ef fluene ~s su~sequen~ly subjected eo tne pxocess 
acco:dinq ~o the presen~ i~ventior., whereby ~t least a par~ of the 
residual fra:tion obtained is .:ecycled to bydrocrac~inq catalyst A. 

30 The hydrocarbonaceous !eeds~ock may be the effl~en~ ob~air.ed 

from one o: ~ore hydroc=ackir.g s~ages a:ran;ad ~pstreara in :cespect 
of hydroerac~inq ca~alyst A. The product ob~ai~ed !rem hydroc=ackinq 
catalys~ 3 may subsequent~y be ~ontacted witn a f~=~her ca~alyst, 
for 1n$~a~ce, an a."110r?hous $1lica-a!;i.'Uina cor.tai~~nq ca~~:y~t. 

~ .. -:::;:f1~ 
..... ·· 
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The present inver.'Cion will be tarthe: unders~=od f=o::i. the 

followinq illus'Cra~ive exainple. 

Exam::Jle I 

A heavy vacuum gas oil feed havinq a sulphur c~neer.~ of 2.0 iw 

5 (as deteJ:1tll.ned acca.rdinq to standard 'Cest metho~ .AS'!'M 026221, a 

nitr-.ig'in content o! 1000 ppmw (as c!etermined accordin:; to staneard 

test ~echod ASTM D4629l, an initial boilinq point of 340 °C, a 50% 

boil!~q pcint of 470 ~c and a final boilin~ point ic excess cf 540 °c 
is fi.::st hyd.::ot:.reated in the presence of c-424 ::atal~·st lex 

10 Cr!~erion) to red~ce the nitraqen ~ntent to le:s than 200 ppmw. 

The hydrot:eated feed so obtained is ~he~ con~aeted, in a once­

throuqh operation, in a ~tacked bed reae~or at a ~emperatu:e o: 
400 °c, a hyd=ogen pa:tial p:essu:e of 10.~ x lC5 Pa llCS bar; and ~ 

space velocity of one Ill kg of feed per !~c'e of catalys~ pe~ hour 

15 (kg.1-l.n-ll wieh a first bed of hydreo~ackin~ cata:yst Z-713 lex 

Zeolyst :nterna~ionall (Catalyst A) and chen wi~h a secor.d bed of 

hydro:tackinq catalys: Z-603 (ex Zeolyst Inea:naticnal! (Cata~ys~ 

B) . The ratio cf the selec:ivity a: Ca:a!yst A to the sele;~ivity 

of Cata.ly.s~ 3 (RS) is 5.2/3.1, !..e. l.7. The nt:!.o of t~e activity 

20 of Catalyst A to the a~tivity of Catal~st B (RAJ is 0.95/0.19, i.e. 

5.0, and the ratio of the Catalyst A reacto~ vol~me to the C~talys: 

B .::eactor vo!cme ·(RV) i.s 125il 75, i.e. 0. 7. Th:::s AA. RV is 5. 0 x 0. 7 

3.S. 

The d~strib~tion of 300 °c- product (i~ ~w basec en ~o~al feed: 

25 at 96% ~o~ve:sion is as fellows: 

30 

Cl - C4 6.4 

C5 - 150 °C 31. 6 

140 °c - 300 °C 53.8 

Corn~arison Exan'l:lle 

I: E.xample ! is repeated but ~sing hydrocrack!ng ca~aly$~ Z-603 

in ~he f~rse ~atalys: bed (Ca~alys~ ~·) a~d hyc:oc:ackinq catalys~ 

Z-113 in the second catalyat bed (Ca~alyst B'), then R! is 3.1/5.2 = 
o.6, RA is o.1~/0.9~ • 0.2, RV is l75/125, i.e. l.~, and R11..RV is 

0.2 x 1.4 = 0.3. 
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In :his case, ~ha d1atr.ibu~ion of 300 vc- preduet (in ~~ based 

on toeal feed) a~ 96' conve:aion is as follQ~s1 

Cl • C4 7.0 

C5 - 150 °C 37. 6 

5 140 "C - 300 °C 53.:Z 

Thus, tee above r~s~lts clearly de::.cnstza:e that by using che 

process of ehe presene 1nven~ion i~ whic..~ a pa:ticula~ 5~qu.ence of 

hydroe:acking ca~alys~s is f!l!IPlcyed s~c.~ that RS > l and R;)..RV < 5, 

i: is ~assible to achieve higher yields o! :uiddle d~st~l~a~es with 

10 lower gas make compared co processes where one er bo~h of the RS and 

RA.~v ~-alues do not fulfil tae above %eqcire:ner.~s. 
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C L A I M S 

l. PrQcess for the hyd.rocracking o~ & bydrocarbonaceous feedstock 

containing less than SOC ppmw N by ccncactinq ~he feedstock at 

elevated temperatu..re and pressure in the p:eaence of hydrogen with a 

hydrocracking catalyst A and wherein at least a por~ion of the 

S product so obtained is subsequently contacted with a h;rdrccrackir.g 

eaealyst B a~ elevated te11aperature. and pressu%e and i~ the p~esence 

of hydrogen, whereby the hyd;ocracking ca~alysts A and B cave a RS > 

l and a ~.RV < 5. 

2. ?rocess according to claim l, whe:ein the h~droc:aekinq 

10 catalys~s A and B are selected i~ such a way tha; RS ~ 1.1. 

3. P~ocess according to claim l or 2, whe:eir. ~he hydrocrackinq 

catalysts are selected in such a way that O.l ~RA.RV~ 3.5. 

4. P:ocess accordin9 to any one of claims 1 ~o 3, where~n at leas~ 

50% by volu.~e of the p:oduct obtained over hydroc~ackinq catalyst A 

13 is eontacted with hyd.x:oc~aeking catalyst B. 

S. Process acco~din9 to any one of claims l to 4, wherein the 

product ob~4ined over hyd~oorackin9 catalyst A comprises at leas~ 

50% by weiqht of 370 °c· products. 

6. Process acco~din9 to any one of claims 1 to 5, whe~ein 

20 hydrccraokinq catalysts A and B each com~rise a wide pcre ~eoli~e. 

7. Process according to claim 6, wherein the wide pore zeolite is 

a zeolite "{. 

8. Process according to ciaim 7, wherei~ ~he ratio e: the zeolite 

Y contents of hydrocrackinq catalysts -,.. anci B ('.(l/'i2) is at least l. 

2S 9. Process according to claim 6, whe~ein Yl/~2 is in the ra~ge 

ftom 2 to 12. 

10. ~recess accoxdi.ng to any one of cla!.ms 6 ~: 9, ~here~n t~e 

hydrocracking catalysts A and B each fur~her comprise a binder and 

at least ~ne hyd~ogenation co:nponent ct a Group V! and/o= Group VI!I 

30 me~al. 

ll. P:ocess according to claim 10, wherein hydrocracking catalyst 3 

I 1111111111111 11111 11111111111 
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comp:isea leaa than 2St ~y weight of zeolite ~. mc:e t.~an 25t by 

wei;ht ot binder and &t least 30t by weight ot a dispersion of 

silica-alUJEU.na in an alumina mat:ix, calculaced per 100 pa:ta by 

weight of total suppo~. 

12. Process according to any one cf clain'~ 7 to 11, whe:ein the 

zeolice Y comp~ise1 a za.aditied zeolite Y havinq a uni.t cell size 

below 2.445 nm (24.4S Al. 
13. r=ccesa aeco~dinq to claim 12, wherein ieolice Y ccsaprises a 

mcdified zeoli~e Y having a unit cell size below 2.435 run (24.35 A), 

10 a de~ree o: crystalliniey which is at least retaicea at increaainq 

Si02/Al.203 mola= :acios, a water adsorption capac~ty <•: 25 °C and 

p/po value of 0.21 of at least 8% by wei~hc of r.iodified teclite and 

a pcra volume of at least 0.25 ml/9 wherein between lC~ and 6~t of 

the to~al pore volume is made up of pores baving a die.mete~ of ae 

ts least 6 nm. 

l4. ?rocess according to ~laim 131 wherein ge~ween 10% and 40' of 

the total po~e volu.~e of the modified ~eolite Y is made up of po~es 

having a cliametex of at least 8 nm. 

15. ~:ocess according to claim 13 or 14, wherein the modified 

20 zeolite Y has a water adso.cpeion capaci~y of a ~o l0% by we~ght o~ 

modified zeolite. 

16. F~ocess according to any one of ela~zn.s 12 to 15, wherein the 

modified zeeli~~ Y has a Si02/Al2o~ rnclar ra~io in the ran9e f~om 4 

to 2s. 
25 17. P=ocess according to any one of claims lO to 16, wherein the 

hydrogenation component comprises at least one componen~ of nickel 

and/or cobalt and at least one ccmponent of molybdenwn a~d/o: 

tungsten o= at least one component of platinum andior palladiwu. 

19. Process aeccrding to claim :1, whereir. the hydrogenation 

30 component comprises from o.s to 10% by weiqht of uiekel and from 2 

to 40% by weight of tungsten, calculated as mecals per 100 parts by 

weight o: total catalyst. 

19. Process acco:ding to any one of claims l to lB, which is 

carried out at a temperature in the ranqe from 250 to 500 °C, a 

35 hydrogen partial pressure up ~o 30 Mfa (300 bar; and a space 

11111111111111 11111 11111111111 
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velociti in the range from O.l to 10 kg feed per l•t~e of eataly~c 

per hcur. 

-· 

Vl4/TS8521FF 
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