8 March 2006 PROCESS FOR .PREPARATI ON C]: FUELS AND LUBES IN A SI NGLE

I NTEGRATED HYDROCRACKI NG SYSTEM FI ELD OF THE | NVENTI ON 5 gTiiirsh poggent i on
‘relates to.a process for the production of fuels and lubricating base

oils, and, nore particularly, it relates to processes for the production of
a -full range'of | ubricating oils including high viscosity base stocks and

transportati f ' g .0 r LN m 10
BACKGROUND. HRAESS ik PatratAmbi GFIrtles AV CRES Wof sGLES g

| ubricating oil produNTEGRATED HAIROCRACGKIBIGCSYSITER | Ng obj ectives. Fuel s
hydrocracki ng, 15 particularly involving hydrocracking a feedstock boiling
above the boiling range of the desired fuel, ains to crack a substanti al
‘portion of the refinery feeqdgipahF THE Iwgmqo[\abl e to reduce. the

nol ecul ar wei ght of virtuall'y alT of the refinery streamif possible, with
subst an®i al portion of the cracked products preferably boiling in the
range of thigiagertof rbkeds(te)a. prbtﬁbssqﬂiméiiiroddcﬁsn bﬂ&s@lsaaﬁimﬁidaﬁﬁgy stream:

suitable for use in preparin br|cat|n oi | hydr ocr acki ng
Boi 15 i 1 hash ailyanel MO BG THBle BT e aet I TeHtctn oa o

slightly higghehgé BrRBFedng Dils oﬂ\fﬂ]mgwgaowrnaé@%tddneahew boi I i ng
conponents of tﬁe refinery stream which are not desirable for the

| ubricat i nérangpqriatien fesls in %15'891‘9 infegratestinelrotpeliRg SYfeMe | eavi ng the nost

desi ralhe higher .25 boiling conponents behind for inclusion with the |ube

product. The presence of sonme hydrocracking reaction products in the

- lubricating oil range are acceBABKGROUNDong as they do not predoni nate
. An any lubricating oil product fraction, and thereby unacceptably reduce
'ié\he viscosity index of the |lubricating oil product. 30 Oonvent i onal

met hods foHyémmmnﬂga efnerystrep tar»aoq%rh%&eﬂﬁgansi jubgeaiing.e

‘products is a process having conﬂlctmg objectives. Fuels hydrocrackmg,

15  particularly involving hydrocracking a feedstock boiling above the boiling
range of thé desired fuel, aims to crack a substantial portion of the refinery
feedstock. If is desirable fo reduce the molecular weight of virtually all of the

- refinery stream if possible, with substantial poriion-of the cracked products
preferably boiling in the range of the desired fuel(s). In contrast, the ideal

20 . refinery stream suitable for use in preparing a lubricating oit product by

l hydrocracking boils in the range of the desired lubricating oil product, or ata .
) slightly higher temperature. Hydrocracking removes the low boiting
_ components of the refinery stream which are not desirable for the lubricating
@' . ‘oil product, along with heteroatoms, while leaving the most desirable higher
25 boiiing components behind for inclusion with the lube product. The presence
of some hydrocraicking reaction products in the lubricating oil range are
acceptable, so long as they do not predominate in any lubricating oil product
_fraction, and .thereby unacceptably reduce the viscosity index of the
lubricating oil product.
30 ‘
‘Conventional methods for producing both fuels and lubricating oil products '
from a single'rintegrated-hydrocracking system are optimized for.one type of
product, with the properties and yield of the second type of product being -

dictated by conditions imposed on the system. For example, a fuels

-




‘froma single integrated hydrocracki ng systemare optim zed for.one type of -
product, with-the properties and yield of the second type micRPo0sict bei ng
di ctated by conditions inposed on the system For exanple, a fuel's 8 March
2006 hydrocracker, operated at high severity for producing. fuels, may al so
have a l.ubricating oil product stream However, the |ubricating oi

product rec ' e ; LG taay Lo ally -
characteri z@ﬁ@%ﬁ%ﬁ@@%éﬁ%%ﬁ?@* ?gﬁ?@ycg%vfgérﬂ?f ﬁ?%hE??'gg%é ity index.
There is. | ilvhicatifig oit ptriducct straam. Howhert {hedulyricafingholl prodisclgeciverest oduct
produced. Fuyr r . ' - racked

numer ous ti ﬁ%grg?hjﬁguegH@@g’%&%ﬁg%P’%atcg:;&/#c'%geg%gg%%é&%g%% %gm?ecover ed.

Whi | e r epeatvisttosityeand oféen Inpa veryi higls viacasitg dnafept Jhieee isflitile flexibility, insuch

repeated _operations.are detrjnental to |yb opertiges, It i desirable to
have a pPocdls bps iitaina o fibdheprafisst Fulh SRR 2 Bl 10 wni e
][f&i nt i'ii B,i ng r@rbﬁacfrécglé'rhbyi?bwrsgckédmhmdﬂgn?mm@ﬁﬂ repéhtpd asbycle s&shpssger t :c es -

or ubricating, ojl produc .recovere rrom t he_ process. t hods o
produci ng hibﬁfPfal!?Sl"Bt@"?V@&“é}-f%ﬁ%f‘%ﬂ?a W?‘W&'QP‘?T%‘?WQ@E%?PV&H‘Bt t oms have
~ been at t enp{gdud, QIcReEpeatddBpéralibrareRichfRSStal t& ludtoyBpeties 1R igli rected to
an integrated process for production of both fuels and |ube oil- products.

U S. Pat. Ngesimbigty bave g pesssior groduging dididelds obhigh guality fuslhi ch an
at nosphepi WoTtT-38) ha bl ' ' _ bl s | ' nit to.
ot oduge Vg VRS bRl InE TSP, b sdglnn he MERKATIGARA PropRHticaTol
I nmpurities, lubeatinggitbroducitsk extovared frany the proeesscar bons creat ed by cracki ng
,@e then renoved 20 by distillation, and the unconverted oil is passed to
“second. vacuumdistillation unit to produce |ubes. The remrai ning materi al
' I s then recielttestistad pradueingyhigtogualitkiabe ffACi@VIEdA Ards hdimedacledr al ) al so

o el o RS el S8 SHTACHAS nols Bosperl, AR bone, o
node- Atfyacdiated &1 an intdgrated pradess Sorgirpdiayion of bdth dvél®gnd fubaadili onati on. Any
of the fractl Ot '8 bACNSESEETLS Hwon & i istobas & ploceSs in which
| " an atmospheric residue is distilled in a first vacuum distillation unit to produce
a vacuum gas oil{VGO). The VGO is hydrotreated.to remove impurities, then
hydrocracked. The light hydrocarbons created by cracking are then removed
20 by distillation, and the unconverted oil is passed to a second vacuum
distillation unit to produce lubes. The remaining material is then recycled to

the hydrocracker.

) C*'* ' - WO 97/18278 (Bixel et al) élso discloses a method for producing feedstocks
25  of high quality lube base oil from unconverted oil of a fuels hydrocracker -

operating

. In recycle mode. A vacuum distiilation unit is efnployed'following
fractionation. Any of the fractions from the vacuum distiliation unit may be
30 recycled to the hydrotreater, passed to the hydrocracker, or sent toan FCC
unit. The cuts from the Qacuum distillation unit need not be recycled to the
hydrocrackér. Kwon et al does not disclose the necessity of operating the

fuels hydrocracker to produce waxy fuels hydrocracker bottoms which have
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30 recycled to the hydrotreater, passed to. the hydrocracker, or sent town
FCC wunit. The cuts fromthe vacuumdistillation unit ned&darok 2086 r ecycl ed
to the hydrocracker. Kwon et at does not disclose the necessity of
operating the fuels hydrocracker to produce waxy fuels hydrocracker
bottons which have 8 March 2006 the appropriate hydr ogen content to obtain
subsequeHe 3pPiRARaEN degsssoptertto abigin seoseaventlyrdesiaxed Basestorss as does Bi xel
et al. U,S; . , t al) discloses a nmethod for
pr oduci nB 'r&é;gtvlgf\%r{%%rﬁgggt%c ggg'}(%g?rtpﬁoyi ng a | ubes hydrocracker rather
than a fuel s hydrocracker, as used in the instant invention. A |ubes
hydr ocracker_enpl oys a conversi on | evel ess than 30% One portion of
DenPatiie.

or | X
the effl amaos1 34 (Feghn ¢t alktisrlesesra BRheA rmreducingdyRe ocr acki ng zone
to produgenhiHggiolkeBybMBiosing sbes MyRFRPACKBP ke el a il HiifdcriiRbr, StTeam
fromthe %lnrlsg %ygr ggr ag\??lng zonee I's |rcectllry &?ntro%uceﬁi ntco a fs'econd
hydr ocr ask ussyl indimeingianhiouéntiont & iubed ihgdreceebare plays, a eondersiondevatloed t o
produce  fuels._| he ipstant ipvention the effluent fromthe first
hyar opr oless ieg 0 necpatinct e, ook semrie Air ot ahvad A BitEst SUMMARY OF
THE | NVEN,EDadiify PErRSt8 Broduly flblel RhaMb 8RS ARotRESRRsh e SiEMCT acki ng a
refinery strr egm fgo prod%u%e uel stfm} néﬁﬁdﬁﬁg naphtha, keroesene and di esel
fuel , whétreamromtthe fitsshydrberackingezaneiis dirgetly introdlacadintoomseaondnor e hi gh
~quality Jubricating oil. product(s), The process further ovi des the
'ext b 1 hiosng ShrutBusfmbdbte SaarRg G 1 PoR © ARG o i de
range of fé|sS iRk frlssht BHYENtIdrSRe Bfilu¥nt fRIMW BRSirst HidDprddesiiRy kehdsasadyant ageous
if at |east sone enbodi nents of the present 1 nvention produce a high
gual i ty lodreatinosphdrisrseparatiomzdngel s hydrocracker. It would also be
advant ageous if at |east sone enbodi nents of the present invention provide
a full range of | obe streans, over a wide viscosity range and a w de
viscosity index range, frgmRaRyeds TAEANOERNGSERQr- |t woul d al so be _
advant ageous if at |east sone enbodi nents of the present invention provide
a hi gh vikzpreseyt invettisn provides apeeness far diydecfagking ahgfineoy sisedoeto  According to
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flexibility to recover one or more high quality lubricating oil product(s). The process
further provides the flexibility for preparation of lubricating oil products having a wide

range of viscosities and viscosity indices.

Thus, it would be advantageous if at least some embodiments of the present
“invention produce a high quality fube fraction from a fuels hydrocracker. It would
also be advantageous if at least some embodiments of the present invention provide
a full range of lube streams, over a wide viscosity range and a wide viscosity index
range, from a fuels hydrocracker. It would also be édvantageous if at least some
embodiments of the present invention provide a high viscosity index lube stream

from a fuels hydrocracker.

According to a first aspect of the invention, there is provided an integrated process
for producing both fuels and lubricating oil products from a single integrated

. hydrocracking system, which produces high yields of high quality fuels, while -
maintaining flexibility for '
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for producing both fuels and lubricating oil products froma single

i ntegrated hydrocracking system which produces hi gh yi &Msch?006 gh
quality fuels, while .maintaining flexibility for -3 8 March 2006 sel ecting
the desired product properties for the lubricating oil products recovered

fromthe process, conprisi ng the steps of: a) contacting a liquid
hydr ocar BYRCNgdhR degired\nreduchpippeties festls lugrisating ©il peagdugisyseoviereda

hydr opr o i ' operated at either hydrotreating or
hydr ocr aﬁgﬁ’ﬁtg@gbﬁﬁ%ﬁéﬁgmﬁ% CB(;Ttioer ated at conditions effective to
remove inpurities contained in the feedstock, to yield a first effluent

containing a normally liquid fraction; bi separating the normally liquid
fraction fronfl¢RN4GlAg @ ligyid hydipcathpnfierdstack withihyeropgn geenafit el d” at | east a

first Iubricati Lyl £ ttom fraction;
¢) contacting acrasd Qgﬁgt‘éﬂaceésuﬁ# £ o e Bl AdURbrai s dippet tom fraction

oftion o e botto ction wth a second
catal yst i n a hiytiroiceading onhydrocrackine catditibnatwiicnigidpeatsd aff doaditione to
hydrocrack the bottomfraction, t ield a second effluent; d) separating

0 ylelad a [
the second effl VP BBV HBPWHIER CoRaRgE i 1Be JeadistpokdR vieafiftad stream
and a recycle Séﬁ@@”‘?@%ﬁ"ﬁf*’%ﬁmw kh&iohecycle streamto the

hydr ocracki ng zone. Ac to a sécond aspect of the invention, there is
provided an integrated process for producing both fuels and | ubricating

oi | products froma single integrated hydrocrackin system which

conpri ses thegkﬁe@ﬁ?t@g &}gear.‘or h‘(g‘&“% ﬁ@"tﬁxﬁﬁoﬂhﬁhﬂ%ﬁtSﬁwéﬁe/tﬁ’oqp"fr\gedstock with
hydr ogen over bl t ! eSS i may . be
oper ated at el LT B Bl BB kA & R sT o™
oper at ed at conahda boitonefrbe@oni ve to renove inpurities contained in the

feedstock, to yield a first effluent containing a normally liquid fraction,
conprising a fuel product having a normal boiling point below the nornal

boi I'i ng poi. nt cadontdifingd hEid a JOHGIPOGInERESAWth a second

catalyst in a hydrocracking zone operated at conditions effective to

hydrocrack the botiom fraction, to vield a second effluent;

d) separating the second effluent by boiting point range to yield an
. overhead stream and a recycle stream; and (e)recycling the recycle

stream to the hydrocracking zone.

“According to a second aspect of the invention, there is provided an integrated process
for producing both fuels and lubricating oil products from a single integrated hydrocracking
system, which comprises the steps of: _
a. contacting a liquid hydrocarbon feedstock with hydrogen over a first catalyst in a
hydroprocessing zone, which may be operated at either hydrotreating or hydrocracking
conditions, and is operated at conditions effective to remove impurities contained in the
feedstock, to yield a first effluent containing a normally liquid fraction, comprising a fuel
product having a nommal boiling point below the normal boiling point of the liquid
hydrocarbon feedstock;

'b. separating thé first effluent from the hydroprocessing zone in an atmospheric separation

zone fo yield a first fuel product and a heavy fraction;
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b. separating the first effluent fromthe hydroprocessing zone in an

at nospheric separation zone to yield a first fuel produgtMaad2eosheavy
fraction; 8 March 2006 c. separating the heavy fraction in a vacuum
separation zone to yield a second fuel product, a first lubricating oil .
product and a bottomfraction; d. conbining at |east a portion of the first
| ubr i cat f-AEPHRING eV frRgliph inan@cyigp ﬁ%?ﬁ'?t&ogé?'?eotﬁ yiefdg %Cg'l‘cb‘“%!

hydr ocr agiguid @kt iubRdithg 8il pro@R &%t 4 Bt Tcibrdr ocr acker feedstreamwith a
second catalyst in a hydrocracking zone operated at conditions effective

to hydr odre@pibiningatigast @ epdien et the S ubecating oil product with thechalpm factonuent ; f.
separ at i 44, .to yield an overhead stream and a recycle
S EnRALa iy

stream a : I ning the 'overhead streamwith the first effluent for
separ at i erfoniactingdhehyditecavier fecdsseam with a gegond eatalyst in Abydpergeing 2aR¢ent i on, a

| ubri cat gl by wnﬂﬁiUﬁ%Aﬁﬁe?H@n@%g@@gcﬁ fh%rﬂggnja‘éraazér k‘%ggeﬁi@{}? ield a

hydr opr ocessi ng zone, oper at at et treating or
hydr ocr asgcongeftkeamtii t i ons. This zone is operated at conditions presel ected

Por t1 ona” PR e BReLA Brbek S el Bl ABLIoB R BRR | P2 ka1
hydr ocr aglkoompiningries tveripraddtream fwite the fiost ieffiuerg forsapaatomodluct s at hi gh yi el ds.

SUMVARY @:agﬂg PRAW NG t'.l'he Figure illustrates a preferred enbodi nent of the
integrat PPAVIFRP RPN system 8 March 2006 DETAI LED DESCRI PTI ON OF

THE | NVENEh&prelsesidstentitn,5a lubriddtiag pil efceiucids sepdrakd iont theleffiuent of 2 he Fi gure,
a liquid hydrocarbon feedstock 2 is contacted with hydrogen 4 over a

cat al yst hydior{o¢Raging Frae c¥ichmay pg e iedaiehaidtydigtiaifg ff r st react or vessel
8. A sui I O A Gﬁ@gﬂ@g | S eﬁlﬂ:‘t.édtﬂg in a
t enper atﬁre&'?%énwg'; ac%g\tyléﬂéibout dig%g%é%q%gﬁté S)é%v%t In the tenperature
range of ad@ehklQbkcating oil product having the desired properties. Portions of the effiuent

not recovered for lubes is then hydrocracked in a hydrocracking zone to produce fuel

boiling range products at high yields.

SUMMARY OF THE DRAWING

- The Figure illustrates a preferred embodiment of the integrated fuel hydrocracking

system.
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10 (260-593C). The termliquid refers to hydrocarbons, which are |iquid at
- ambi ent conditions. The liquid hydrocarbon feedstock, whiggarspyodee used in

the i n‘stant i nvention, contains inpurities such as nitrogen and sul fur,

whi ch are renoved in the 15 hydroprocessing step- Nitrogen inpurities
“present in-the liquid hydrocarbon feedstock are usually present: as

- organoni trogen conpousEsAILED BEBERISTICN O&THE INdDENTIONM  Sul fur inpurities
are al'so generally presént. Feeds wth high lTevelS of nitrogen and sul fur,
i ncludi ng those containing up to 0.5 wt% (and higher) nitrogen and up to 2
wt % and hi gher sul fur may be treat Ededgtodkhe 20 present process. However,
feedst ocks which are high in asphaltenes and netals will usually require
sonme kind of prior treatnment, such as in a hydrotreating operation, before
they aré suntiebprefered enstendipest showast dekFigore, aliquidihydrasartmoessi ng process

step. A.sui oc t.al an-about
500 ppm as %%Tb e%eisg' pﬁtea?}é?’;‘@ﬁf‘/ﬁf %GI"[ gﬁéra %ﬂ?‘@@”é‘%ﬂ o r%g%gf)'hgl tenes, and
nmor e preferz@béﬁ doa%netdwzthmlﬁmﬂteah&ﬁvppml Basﬂpklalabm«md E]ﬂﬂtﬁirlmn of such

i quid hydr o n fSﬁg@i’oﬁks i n ude {i s o] bb heavy gas oil, vacuum .
gas oil, stf T8 o FQ’"% ' E?"SF ov‘éﬁ‘ Yhe 1ike. The process
of the Invgob#fo(zensc)ahgahwwfmﬁ trfectémaamt@alré\sg@bﬂsooandbmr wax produced in a
synthetic fuels process such as a Fischer-Tropsch 30 process. The iquid

hydr ocdPbo 260834 Chc Khergmhliguid iefera tphydrecarbans, which amgliquiddt ot r eat i ng,

prior tot ocess to reduce or substantially elimnate its
heteroatom%ﬁ}%{n??&g&rmﬁomt|c content The liquid hydrocarbon feedstock may

@so conprise recycle corrponents -5 8 March 2006 Hydroprocessing Zone

le th t 8 | tor.
vessel . b B FRGEBRe R RGeS b b e B o ng
within 5 th@ntam@mﬁpm’iuetsfsech Ay dffdgen anatse:fthydh@hraaéwﬁbm Adwe 6 contai ned

infirst reactor vessel 8'\{&1 cqontai.n one or npre ayer of
hydr OC@ﬁvehgqlrgﬂrog%sArpg/gt{ap itrogen impurities present in-the llqu1 hydrocarbon

feedstock are usually present as organonitrogen compounds, in.amounts

greater than 1 ppm. Sulfur impurities are also generally present. Feeds with
T high levels of nitrogen and sulfur, including those containing up to 0.5 wt%
~ (and higher) nitrogen and up to 2 wt% and higher sulfur may be treated in the
20 present process. However, feedstocks which are high in asphaltenes and
metals will usually require some kind of prior treatment, such as in a
hydrotreating operation, before they are suitable for use as a feedstock for the
hydroprocessing process step. A suitable liquid hydrocarbon feedstock,
- O .~ contains less than about 500 ppm asphaltenes, preferably less than about
25 200 ppm asphaltenes, and more preferably less than about 100 ppm
asphaltenes. Examples of such liquid hydrocarbon feedstocks include light
gas oil, heavy gas oil, vacuum gas oil, straight run gas oil, deasphalted of,
and the like. The process of the invention is also useful for upgrading oil
‘andlor wax produced in a synthetic fuels process such as a Fischer-Tropsch
30 process. The liquid hydrocarbon fee.dstock may have been processed, e.g.
by hydrotreating, prior to the present process to reduce or substantially
eliminate its heteroatom, metal or aromatic content: The liquid hydrocarbon

feedstock may also comprise recycle. components.




each | ayer intended for either hydrotreating or hydrocracking reactions. -
“Hydrotreating catal ysts and hydrocracki ng catal ysts genegalidr¥h 2665
differentiated by the facility of the catalyst for renoving heteroatons
fromthe 10 feedstream especially sulfur, nitrogen and/or oxygen, and for
cracking the feedstock, resulting. in a nolecular weight reduction of the

f eedstock. Typical hydrotreatimb hd Zome! ude renovi ng het er oat ons
such as sulfur and nitrogen, renbving netals contained in the feed, and
saturating olefins and aromatics. It is particularly desirable to rennve

mul ti-ring a&vamwrmé@crtma}e%éfs dshowg :muﬁrmgmreaslangngleseédt@y are
particularly pr .0 foulin hy rocra kln

t al yst,, h they m ght
Dt Bt o el uliple ase Wit He e s g Ao e R Gl oty on 1 he

severity gof théecdpedifehe RRbAtRG. Cﬂi&d&fdkéb?éces&ﬁ@'z@ﬁéﬁd@:ﬂh‘@é‘dﬁ%étng functions
i nclude, in addition to sone or all” of the reactions associated with

hydr ot r eat i Hgactervesrelfymay septainne e layass pt hydiogasvetsinnegataligstnei ght and |

boi | i ng poi 8 t Hydrotreating
ot al yat o, e B Rt T IO e St ur at 1 on

reactions, Wiydrottepfing ﬁaﬂawsmﬁdrhyﬁ@r&amqag@ws generallypenent supported on a
porous r ef r Olnia i?lB?Qcﬂl d upe{hgstf &gﬁ{rﬁg hEié%é’(B&%%Fdrﬁ’&ec at 3' ysts®

i ncl ude a hydrogenati on conpo strate conprisin
silica, 18l urfﬁemtremgmcw,llysulﬁanmluomn gdibd oxypen,rend fohenaeking theypi cal | y . such

hydrotreati t al yst re f|d 3 ts useful
(o O R Bl E3hiRod rca Piofatler WARe et fARe RSt AR, e

bdr ocr acki hgdm&éatirgﬁﬂnﬁ@mpﬂdm témo@fngdietérgatgﬁﬁmmm salfdrkand hydr ogenat i on
coOnponent on.an oxide su I a nde I ng, conponent
oy 1 el ude RO PR Phelnls PP U Gt s aing EIN B4 °ouen a4
Y-type zeol at@nat@@ ilid ﬁ%b@bﬂ}edé@:tametomﬁbw ﬁmupﬁngaa.%ni\ﬁibeﬂiat@m@

deal um nated zeolite. A-suitable anorphous crack |n? conpanent is

si |i ca- 2P unfwing hyskotrsaling asiliey are edtisiiarbhprope fa fou i@ Rygrocraskingi cles is

sel ected fremiy8OdRich they might contact. A measure of cracking conversion may
also occur, depending on the severity of the hydrotreating conditions. Typical
hydrocracking functions include, in addition to some or all of the reactions |
associated with hydrotreating, cracking reactions, which result in molecular
26  weight and boéiling point reduction and .m@lecu!abrearfangement. :

Catalyst

O - Hydrotreating catalysts, which are designed for removing heteroatoms and
25  saturation reactions, will typically comprise a hydrogenation component
supported on a porous refractory base such.as alumina. Example
- hydrotreating catalysts include a hydrogenation‘component supported on
substrate comprising silica, alumina, magnesia, titania or combinations
thereof. Typically such hydrotreating catalysts are presulfided.
- 30 Hydrocracking catalysts useful for the-first reaction zone are also well known.
In géneral, the hydrot:racking catalyst comprises a cracking component and a
hydregenation component on an oxide support material or binder. The
cracking component may inclu_de an amorphous cracking component and/or a

Zeolite, such as a Y-type zeolite, an ulfrastable Y-type zeolite, or a
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elements known to provide catal ytic hydrogenation activity. At |east one
nmetal conponent selected fromthe Goup VIII (1 UPAC Not gtmae 2edeenent s
and/or. fromthe Goup VI (l1UPAC Notation) el ements are generally chosen-
G oup V elenents include chromi um nolybdenum and tungsten. Goup VIII
el ements include iron, cobalt, nickel, ruthenium rhodium palladium

osmum iridi denflithigatéd Bédtite. NARLitFENe amaEphous Slackingioniomeanigt i on
conmponent (s) in the catalyst suitably range fromabout 0.5%to about 10%
by weight of EG6RBUPNNE- netal conponent (s) and from about 5%to about 25%
by weight of Goup VI netal conponent(s), calculated as netal oxide(s) per .
100 parts by weight of total catalyst, where the percentages by weight are
‘based on the Begxdrogenatios compogenl gfdhe gatplysipasiigles igiselpctadhieom genat i on

- conponent sgi N Y e ragh LRgdi ¢ form
If a conbi ?lat ﬁgﬁ?eﬂ@ﬁfg{?&ﬁd%éﬁﬁlgﬂc Wg%égb‘é}agg\g%ﬁﬁtll%é? g p‘J‘(gi'ct)t?rponent
i s present ascompsisiyf selepigddrom thevipiolp Yl (IYEHCHetetion)clemeniisfandiong

- treatnment priggat - ' ' ' h tyal yst
compri ses onelta fis RGBS HOBACNAIHRR EleRHE e gl Shbped oSBT ¥
mor e. conponeeleseots indligd dmemiuratibdiybdénunyandtungstean éSroup Vil elepmtsonent s of
pl ati num and/ gr, pall adi um tal ysts. cont al.ni n ickel and nolybdenum
ni ckel and t u'rﬁ'&*é'ﬁ%H,"“-p‘?"g’%"n'ﬁﬁm‘eir{éﬁ‘SP'“th I%dd‘i"l]nélaa(lf’a'u"ba?rsm"é'ﬂ1 i preferred.
25 T_heI hythy ?cazﬁpmhtigmatrad;yn&tounﬂs)ijdfmw:s}gemﬁohw&nqianb o ent(syig m@miatysttl .
particles of thi invention e, _prepare ending, QOf. CO- i ng, :
active sour ce%“'%‘gly RO @Bﬁ&?ﬂ@%%&é\@ﬁa{q'ﬁbﬁﬁweﬁd Gr%i%%'l 'E%tﬁg? sui tabl e
(b5 nders i ncl uginponehl(s)land o Bboat 5% tddiSout 26%Civaight b GRJuP VITRAAEsi a and
silica-alumna. Preference is given to the useé of "alum na as binder. O her
conponents; seREIPOBGNHS). pAlsWBlsdrasmetalprjdai® nal dO8 pasts dydveight of ¢otalai | or t he
- catal yst partdighits {Rredhe HEEhBHe P | onents are
t hen shaped, suc asﬁ)ébrg eeg_trust? ?1, 9@%@@*%’%@3(?%???3@%0{& ;t)rsg uce the
f i ni shed'1%catcatalyat bgfoare sulfidieg. The hgdrogenation conweneytsdutheatrtalystaodods of
prepari ng thARPHANE Hal? i Supdt k. 9Pa bombidRoR bPRALLAS Groe I nder
particles, such as by extrusion, drying -
' Vil and a Group VIll metal component is present as (mixed) oxides, it will be
subjected to a sulfiding treatment prior to proper use in hydrocracking.
Suitably, the catalyst comprises one or more components of nickei and/or
20  cobalt and one or more components of molybdenum and/or tungsten or one
or more components of platinum and/or palladium. Catalysts containing
nickel and molybdenum, nickel and tungsten, platinum andfor palladium are

particularly preferred.

25 The hydrocracking catalyst particles-and hydrotreating catalyst particles of this |
invention may be prepai'ed- by blending, or co-muiling, active sources of
.hydrdgenation metals with a binder. Examples of suitable binders include:
silica, alumina, clays, zirconia, titania, magnesia and sifica-atumina.
Preference is given to the use of alumina as binder. Other components, such
30 as phosphorous, may be added as desired to taifor the catalyst particles for a
| -desired application. The blended components are then shaped, such as by .
extrusion, dried and calcined to produce the finished catalyst particles. -
- Alternative, equally suitable methods of preparing the amorphous catalyst

- particles include preparing c_»xide binder particles, such as by extrusion, dryiﬁg
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and calcining, fol | owed by-depositing the hydrogenation netals on t he oxide
~particles, using nethods such as inpregnation. The catal gMarpaptoe! es,
contai ning the hydrogenation netals, are then further dried and cal ci ned
prior ‘to use as a catalyst. 5 The hydroproceSS| ng zone may be one of a
nunber of possible configurations. The zone may reside in one or nultiple

react or vesggh galcRifgh follbied By dSoditing tHe HQBIBIBhSARIN rAdtaly da'thé BRidet her

vessel s. The zone may conpriSe one or nore catal yst beds, each containing

one or nor epadiclgsyuaing Wﬂ@ds sochaslimnsegRaion; ﬂ'&efé%vsﬁrﬁ%'ééﬁt ain only
hydrot r eat | B GRing|the hydBhelBh AR ARInGRitthiPlriecdinded@id s on of the

two. The hydrotreati ng ca al'yst particles and the hydrocracking catal yst
particl es ntyudeeasd eafdlydt.in a physical mixture in a single catalyst bed.
Alternatively, the hydrotreating catalyst particles and hydrocracking
catal yst " particles may reside in separate 15 |ayers of catal yst particles,
each | ayer Time hidroprocessinghraetmanbepnd of a humbesefpassiblehe | ayer above and,

w1l b ol cortenaBSEh o At BSLEE 458 o Ml e BRI PR 1 e ng

cat al yst pajhtsefies fuid LoRfrmunichtion with khegthe avedspist mrztonelnw contprisgy

. conbi nation of the two. React]j on conditions The roprocessi ng zohe 6
i's operat eooq%oﬁrﬂﬁrq%:&%geﬁﬁ\ﬁéﬁ CB'ﬂaH'c'"Qz?ﬂﬁj?"thWscat%ﬁt e to remove the

| mpuri t{ges ﬁya%;ﬁbé@sémg&dhbenéy Sbitein ohly HyaRAeaaNy aétarzgedﬁt ock. Reaction

conditions i'n the hydratreating Ihe)/drocrackl ng zone 6 are considered to be |
i

convent i ondivdrenragking eatalyslr et 3 eambingliomef thy 4w The Rydrptreatiag; tabl e reaction

-ondi ti ons d ﬁ-p;ﬁlﬁe g about 500C
A82- 932F), té{ %rrtfebéés éﬁq@g &r@ﬁﬁ& fq Ilé/%f;atwoggg%ﬁags (500 3,500

~ psi), and aph’ye@dl mixtuse Qﬂ/@ single c@talyat badné\ltemaawxs,tth@bydrgtneatmr ). from about
o S e Vo R A LR BB oSBT e e
- - 15 layers of catalyst particles, each layer in fluid communication with, if present, :

the tayer above and, if present, the layer below the reference layer. From this

discussion, it will be clear that the hydroprocessing zone may contain 100%

hydrotreating catalyst particles, 100% hydrocracking catalyst particles, or any
- combination of the two.

20
Reaction conditions

The hydrobrocessing zone 6 is operated in the instant invention at conditions.
O . effective to remove the impurities contained in the liquid hydrocarbon
25 feedstock. Reaction conditions in the hydrotreating/hydrocracking zone 6 are’
considered to be conventional for fuels hydrotreating and hydrocracking.
~ Suitable reaction coﬁditions_ include a reaction témperature betwe'en about
. 250°C and about 500°C (482°-932°F), pressures. from about 3.5 MPa to about
24.2 MPa (500-3,500 psi), and a feed rate (volume oilfvolume catalyst per
30 'hour)‘from about 0.'1 to about 20 hr. Hydrogen. circulation rates are generaily
in the range from about 350 std liters Hu/kg il to 1780 std liters Hx/kg oil
(2.310-11,750 standard cubic feet per barrel). Preferred reaction
femperatures range from about 340°C to about 455°C (644°-851°F).




(2,310-11, 750 standard cubic feet per- barrel).Preferred reaction
tenperatures range from about 340C to about 455C (644-85% \rrch 806 March
2006 Preferred total reaction pressures range fromabout 7.0 MPa to about
20.7 MPa (1,000-3,000 psi). Wth the preferred integrated system. it has
been 'found that preferred process conditions include contacting a .

petrol eum f%ﬂﬁéentstawaeﬁayg%ggﬂ%sv frb M IHOGH 26 KiP o SPRdi 30.2NS

‘conprising a 5 pressure of a 3.8 a to about 20.7 MPa (2, 000-3000

psi), a gas MBadl.003000pshe ithedseierred fegratedsaystam, titdias begnkg oi |

2,500- 6, 00 ' L 0eB and a |
'E' enper at ur eqrf)ﬂﬁg P}%%%ﬁf%g% o] cg%sggon{agﬁaﬂgg{}&ﬂ}% g%;gta%glgq:% pét:[%}éh?l rst Separation
Zone Ef f | uerfeedslogomithydrogenaunder hydhiograokipgiconditions ¢ampristhgraecovered from |
hydr opr ogess| : f | hAULd f ign is
sgpar gt e§ i%r{?%@\?\gp%l%uﬁg?% @%? goggn@ué?pﬁ elrofgrﬁ{(? 'gp éﬁbg@ﬂé'gﬂ éaﬁ%‘%é’@. nt.

Det ai |l s of tratio byteeemabbutc7 9s¥sestd fitens Hafirg @il (2,600-6:000saf/bhl), dilHSW ed by

| ocal requir ts. In eral,qs the separatiqn system nes i ncl udes
one or mor e'oggﬁ e&"ﬁbgﬂggg‘e‘lpgbgt PBHa @?%?rﬁd'ﬂ "@r/f@ﬂﬂﬁ ?P:;Elg)?er Bhovi ng
hydrogen andal7bglgsoeaseass). for purifying the recovered hydrogen prior to

recycle or .reuse-elsewhere. and for producing a normally liquid fraction
for distillation. In .the preferred enbodinent illustrated 20 in the

Figure, 4gome or all of -the norngldiebLAhA Afhgction of the effluent 10 from -
t he hydroprocessi ng zone is se r nore distillation colums. .
Ei ther anbi ent pressure separations, sub-anbient separations, super-anbient

_ @essure sepgiht 90 Sorhink Cé)ﬁg}hﬁmph W?E%\S}i:@r?is‘féf&ere% eparation system

own in the preferred enbodinent” o Igure  includes an atnospheric
- 25 separ at i bydrepresessing s Gitand aldeasd thenarmplinhiqvlikfiactiondssepasatedd a vacuum

separ at | on HASFY h mORSIRAFEL orsHSBTBL ST hBRE Do Ml g 210
her e Fi% st obspawationaongnare gehesalyalicitted by 16dal ssquiramientst daigendral), 16 from an
Q-f f . the separation system of zones includes one or more single stage separation | -
| -zones (not shown), for removing hydrogen and light gases, for purifying the
recovered hydrogen-priqr to recycle or reuse eisewhere and for producing a
no‘rmaliy liquid fraction for distillation. In the prefer;ed embodiment illustrated
20 inthe Figure, some or all of the normally liquid fraction of the effiuent 10 from
the hydroprocessing zone is separated in one or more distillation columns.
Either ambient pressure separations, sub~ambienfseparations, super-ambient
_pressure separations or a combination may be used. The separation system
O : : shown in the preferred embodiment of the Figure includes an atmospheric
25 separation zone 12, operated at nominally ambient pressure and a vacuum -
_separation zone 20, operated at sub-ambient pressure. Such distiliation
columns are well-known in the art, and do not require extensive explanation -
- here. First separatidn zone 12 separates a'first fuel product(s) 16 from an off -
gas stream 14 and a heavy fraction 18. Fuel product(s) 16 may include more
30 than one stream (e.g. a naphtha/gasoline stream, a jet/kerosene stream, a
diesel stream and/or-a middle distillate stream), depending on the particular

'requirefnents of the refiner.
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gas stream 14 and a heavy fraction 18. Fuel product(s) 16 nmay include rore
30 thah one stream (e.g. a naphtha/gasoline stream a jelgtgerneerse st ream
~a “diesel streamand/or a niddle distillate strean), depending on the
particular requirenents of the refiner. 8 March 2006 The subject process
i's especially useful in the production of mddle di stillate fractions

. boi | t . f abput 121-371 0-70 t by th
.aglpr BB?. :51'? e ﬁ%&%ﬂ]ﬁ??ﬂ?ﬁgiggﬁf’%c’ag %ﬁh("a 88 |°§PB<9 %Eﬁr{'}'%ﬁ hazl nge a
- boiling ran%&én@bahﬁq rhaﬁéear@%fﬁbeaﬁﬂzﬂﬁac tgom?@nt tda,adetaﬁmh@ast 75 5

vol % preferably 85 vo he conponents of ‘'the mddle distillate have a
nor mal boi | |hygh99pnmpsategﬁ?e7érﬁé$stpmeda@&y azmdctlsa diz8iate frantion bavinger nor e

that At I Capboihihod 3r ¥dut ol 87 ROl 800 s hedllt shdiG fgpgReNt o _of the

m ddl e di st nor mal ng poi n ess t C (700F).
The terms " voltd) mettiratily B5 a0, ofsheMmpmmwofth@mmdhdisﬁltatdlhaseh jet fuel .

d k 10 Il . f t t f boi | i
poi nt 1 ange nogal ERila N Of Sfeater he a0 R AP srelTyBhehmar il 16, 274

(280- 525F) a@ré&stﬁtﬁnneswwl;ﬁé@kawiasm% Tof BH#Scon) nbnts%fdﬁéinﬁawéef er to
hydr ocarbon boiling points of about 1210-371 C (250-700F). Gasoline or

napht ha i s Métiflatehave gaormas! hadingmpantof tass)tham3BoCr{Y08FacThededi avai | abl e
hydr ocar bO”SmudUEdquﬂ{aé"ﬁ?m’&dﬁa S'Encitﬂé%§ F&%%'F l}?&}éﬁh@ﬂém@%ﬂgum f.ractions

recovered in an |ner such Ttactors as the :
char act dPi sbomsgmngerfaoﬂonﬁ:leﬁm kerosmam‘qetfuelfﬁqﬂiag;poirtbcaigmr kets,.. product

prices, . etc. er.enc S de to AS T 3699-83 for.
 Qurtier et e 15580 oo B O 8 ¥ AR BA 5 R Rod 8 309
parat i on éﬁ@md'!%&le'éﬁa%mﬁQ rér@e"lm:htevﬂédfw Agdrite hydddchonWiimgr eact i on
products b0|I|ng in the be oil range, unrecovered fuel b0|I|ng range

conponent s BABtsRfadaut ‘@)"’tﬁm °C $250f/OO0RRa Gasoliag of raphtim isqiormally thénat ed i n
R e e
15 point ranges of the various product fractions recovered in any particutar : .
refinery will vary with such factors as the characteristics of the crude oil
- source, refinery local markets, product prices, etc. Reference is made to
ASTM standards D-975 and D-3699-83 for further details on kerosene and
diesel! fuel properties.
20
Second Separation Zone

O 7 | Heavy fraction (or bottoms fraction)18 includes reaction products boiling in the
lube oil range, unrecovered fuel boiling range components and unreacted oil.
25 The heavy fraction 18 is fractionated in second separation zone 20 to yield at
- least a second fuel product 22, one or more lube product{s) 24 and-a heavy .
fraction 26. The second fuel product 22 is typlcally a middie distillate or diesel
stream.

30 ‘ First tubricating oil product

 Lube product(s) 24 generally has a boiling point above about 550°F(288°C) or
about 600°F (316° C) or about 650°F (343° C); and below.about 1050°F
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fraction 26. The second fuel product 22. is typically a mddle distillate
or diesel stream 30 First lubricating oil product Lube gpusdnobdes) 24
generally has a boiling point above about 550F(288C) or about 600F (316 C)
or about 650F (343 C); and bel owabout 1050F -10 8 March 2006 (566 C), _
depending on the specific requirements of the process. Wite only a single
t ube product(ﬂ%"ﬂ),diepmhdahg cﬁwﬁbeapemﬁumqﬂ:n@aemsmé&rmpmagssbéfvmmupad in the
second separation .zone a vis sele ted from a wi de
range of pos%‘f‘%‘?g"% %@gg?tt‘? @‘@%ﬁ?‘égwg%gﬁ {"B%Imﬁng’gt SFOHHRI N (reasur ed
at  100C) t othe decbibefdratidh mlzmgeach/hmamsmmcamﬁmdebet ween 20
and 60 cSt. The viscosity, index f each | 24 W enerally
" greater thanf@9ge °5P°@?@%¥’§F°§'V%§m "Qg‘a‘él'ﬁﬁo fgé’%g {Dg’eigﬁe?ﬁ“ ?A@ﬁ
Typi cal 4 ubgo@t zmn@méf&bw.@ea ViS66 rrﬂéaéd?é@tl%o% Betwedni Jac] ude a
l'i ght neutral, avin 100C vi scosity between 2 cSt and 5 ¢cSt, a medium.

neutral , havanth60 ¢8t alhepdesositsindsx Pf/eﬂféllub%ﬁf%m&@) Zrwillgepegally o heavy
neut ral havi g hAG, b SRER PSS WA 6o 199378 ihed pRap | oht

stock havinga 1 Vi scOsi t et ween 20cSt a O cSt” Bottomfraction 26
i s suitable lbe stieamawhichimay be mdomeredithropgh line 24 iRlusie 4 tight peutralpassing to -

hydr ocracki NG ARNE 16 NEOMAPLSERA ot anl S8 WRulnbuRli oty 28 V1|

generally b npera ure ghér vl scosity, than
-l.ubri cat1thg ai00°0r vshosity Betwelelmﬁes&randt&@h/a beasi mqutraahtiawmaa\mﬂ‘t(bsi ty index

Hydr oo ackerv9eatsbrtekrin &l apf 20t 8 pbobt Rt fev Rl A S5 s “hassed vi a
(stream 32 t aridupeitolbataelh 20cSramte®B&Stcont ai ned in second reactor vessel 36

for conversion into fuel. A portion of lubricating oil product 24 nmay al so
be passed as lubricating oil 25 stream 30 for conbination with hydrocracker

f eedst r eam Fotlof fric@oh PBAs bOitably b 66 a8 KRS o froduct 28 or for
15  passing to hydrocracking zone 36 through stream 32. Lubricating oil product
28 will generally boil at a higher temperature, and have a higher viscosity,
than lubricating oil prqdud 24. However, the viscosity and the viscosity index
will generally be in the same range as for lubricating oil product 24.

20 Hvdrbcracker Feedstream

Some or-all of the bottom fraction 26 is passed via stream 32 to hydrocracking
- zone 34 contained in second reactor vessel 36 for conversion into fuel. A
: C 'z | postion of lubricating oil product 24 may also be passed as lubricating oil
.25 - stream 30 for combination with hydrocracker feedstream 32 for passage to

hydrocracking zone 34.

5
S

- HYDROCRACKING ZONE

30 - : Conversion

_ Hydrocracker feedstream 32 is contacted with a hydrocracking catalyst in the
presence of hydrogen 38 in hydrocracking zone 34 at conditions effective to

- hydrocrack the hydrocracker feedstream 32 to form a second effluent 40.

A1-




HYDROCRACKI NG ZONE 30 Conversion Hydrocracker feedstream 32 is contacted
with a hydrocracking catal yst in the presence of hydroggwusehibos
hydrocracki ng zone 34 at conditions, effective to hydrocrack the
hydrocracker feedstream 32 to forma second effluent 40. -11 8 March 2006
Preferred hydrocracking conditions are sufficient to crack a substanti al
portion .of Pﬂ'éferretydydmcmckﬂg cbaditiony a@mufficignt aluetck alzwbkiantaliportin

t enperature e ut 70 71 C). Conversions of greater t han
about 25% Biﬁ‘?g‘ dmé’ﬁf%ﬂ% ﬁ@e%f'?‘éé%dé!ﬁﬁwlﬁ'ﬂé? aspmperstire basis are
cont enpl at edeloﬁeaubuuswlf(emlo) CumeRidils U grsatér tRBASBHE % upaeamount of
- feed boiling above a gég nce tenperature, which is converted duri ng
 passage thrg‘&'b“[‘?rﬁ‘?fés° (33 ‘gll? 6h 8N 2ieh PR BRRIS aranerntePlatasoiAS ng poi nt
bel ow t hg r gé& KEtem, coriEPEsR IS MealurdWf tRPABot! & F&AEBoili valgure for the
present process is 650F(343 ©) .. 10 Reaction conditions Reaction zone

condi ti ons EifeRGRIteHmMesRlIe yhich igicpayertadedifing pagsagrethseugritie reaction zone
34 Y be t RachaiRoRsin® pilhdehaithg btk R g%[?ﬁ\gih@ fordfile the 15

hydr oprocessing zone 6. Suitable r act e} ns 1nc a reaction
-terrperaturetebmemtﬁfe ﬁewtabl@meawtmtumﬂem&mw&@ss ipressures from -
~about 3.5 Mg t 24.2 MPa (500-3,500 psi), and-a feed rate (volune

oi | /vol une c a yst@ger 20 hour) fromabout 0.1 to about 20 W Hydrogen
circulatlon rates are generally in the range from about 350 std liters

H2/ kg oil to 1780 std liters H2 k.g !oi I EI@ 310- 11, 750 standard cubic feet
per barrel). Preferred reactio € range from about 340C to
@ﬁout 455C (644-851 F.). Preferred total reaction pressures range from
7 1,000- 3,000 | Wth the preferred
i n? g;r ;t g dl\gﬁf?& glﬁ%br?elfj }:qz,ﬁtlogxg@gd hydroc aék?ng calalysts uggllu} in the second P
reaction zone 34 may be the same as or different from those specified forthe

15  hydroprocessing zone 6.

Suitable reaction eonditions include a reaction temperature between about
-250°C and about 500°C (482°-932°F), pressures from about 3.5 MPa to about
24.2 MPa (500-3,500 psi), and a feed rate (volume oil/volume catatyst per
20  hour) from about 0.1 to about 20 he*. Hydrogen circulation rates are generally
in the range from about 350 std liters Ha/kg -oif to 1780 std liters Ha/kg oil
(2,310-11,750 standard cubic feet per barrel). Preferred reaction
temperatures range from about 340°C to about 455°C (644°-851°F.).
O : - Preferred total reaction pressures range from about 7.0 MPa to about
25 20.7 MPa (1,000-3,000 psi). With the preferred integrated system, it has been
found that preferred process conditions include contacting a petroleum
feedstock with hydrogen under hydrocracking: conditions comprising a
pressure of about 13.8 MPa fo about 20.7 MPa(2,000-3000 psi), a gas to oil
ratio between about 379-909 std liters Ha/kg-oil (2,500-6,000 scifbbl), a LHSV
30  of between about 0.5-1.5 hr',and a temperature in the range of 360°C. to
. 427°C (680"—800°F) )
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found that prefeéerred process conditions includecontacting 'a petrol eum
feedstock w th hydrogen under hydrocracking :conditions GoWRch2o0b8 a
‘pressure of about 13.8 MPa to about 20.7 MPa .(2,000-3000 psi); a gas-.to
~oil ratio between about 379-909 std liters H2lkgoil (2,500-6,000 scf/bbl),
a LHSV 30 of between about 0.5-1.5 hr', and a tenperature in the range of
- 360C. to 427C (680-800F). 8 March 2Qatalystd al ysts The catal yst particles in
the hydrocracking zone 34 may be the sane as, or different from the
hydr ocracki ng catal yst particles useful for the 5 hydroprocessing zone 6.
It is expect @te chialystparticles ot thehydeocrackingafont 13¢ maybaliyssamansiatl es in the
hydr ocr acki ng..zone, 34 w I.l fall wthin the ne r ranges as those of
t he hydrocr ag'lgf%ﬁeé'?gg'f'a%sqydb%(?r??kérfgegat?'ﬁs&%ﬁq?ﬁﬁo‘ﬂ%g&%&?i ng zone 6. Thus,
t he hyg_rosr ahM‘rqgocedsaigé‘ﬁneng it mdeﬁt_e‘dhﬁo\bévémﬁéﬁﬁbbéﬁea?gﬂ,e3_4'd conpri ses
a cracki ng conponent .an , rogenati on conponent on an oxi de support
material ‘or ‘Eﬁrpi%'éigrp.amﬁ?@ 'E&B%%Y‘i’f@g@ﬁ%ﬂﬂﬁeﬁ St fall witnethgsamerganerlus
cracki ng congpgeshs Hedé of e MRIFbdrhSking Lty dSafticles RE h?@l%?éc%ssiﬁﬁ‘
ditrastable Y type zeolite, or a_dealurhihated zeolite. A Suitabl®e
amor phous  cFEI8- nthusotisdeircracking ratalystfpuvserin tha bydrpeaclipa zepe g4t i on

component  of cdfifisedb@riind@rhpdicht ahd a ?ﬁi@ﬁéﬁ%ﬁc{nr ARSdRAEon ?h ements known

to provide catalytic hydrogenation activity east” one netal - conponent
sel ect edld r omiidensupged dpatetialjor bindeACThe crackiog rompenenttrsayindiude anf r om t he

Goup VI (Il "%ﬁ% LQ I chosen.. .G o V elenents
I ncl ude c%rg‘{; u mﬁﬁ%ﬁ&ﬁ%@ﬁ%@@ﬁé@fg%eg@'o{%h\ﬂﬁé??QY%%%#EG 28 incl ude
t~y on, cobal tultrastaiie Y typarduite, oma ddabuthinated peblitadiALsuitableranerphéus di um  and
C[;I'rati num The :il(fnnunt ) o{. hydr ogenati on conponent (s) in the catal yst

sui tably Tamge 4 Por p ﬁ.%@?iagJ'ﬁ'ﬂﬁut 10% by weight of Goup VIII 'netal

conponent{s) and from about 5% to about 25% by wei ght of G oup VI netal
rr 100 parts by weight of total

: _Gal cul at ed t al id
25" oat APy Theidrge PN oAl el Fe b baTars oaded s AOmEONsI ghi of

t he _ elements known to provide catalytic hydrogenation activity. At least one metal

- component selected from the Group VIll (IlUPAC Notation) elements and/or
. from the Group VI (IUPAC Notation) elements are génerally chosen. Group V
elements include chromium, molybdenum and tungsten.” Group Vil elements |
20 include iron, cobatt, nickel, ruthenium, rhodium, palladium, osmium, iridium
and platinum. The amount(s) of hydrogenation component(s) in the catalyst
suitably range from about 0.5% to about 10% by weight of Group VIl metal
component(s) and from about 5% to about 25% by weight of Group Vimetal
() . - component(s), calculated as metal oxide(s) per 100 parts by weight of total
25 catalyst, where the percentages by weight are based on the weight of the
catalyst before sulfiding. The hydrogenation components in the catalyst may
be in the oxidic andfor the sulphidic form. If.a.combination of at least a Group
A Vl'and a Group VIl metal component is present as: (mixed) oxides, it wili_ be
~subjected to a sulﬁding treatment prior fo proper-use-in hydrocracking.
30  Suitably, the catalyst comprises one of more components of nicket and/or
cobalt and one or more components of molybdenum-and/or tungsten or one
or more components of platinum and/or palladium. Catalysts containing
nicke! and molybdenum, nickel and 'iungsten,-'platinum and/or palladium are
particularly preferred. '
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catal yst before sul fiding. The hydrogenati on conponents in the catal yst may
be in the oxidic and/or the sulphidic form If:a conbinatgscerboed | east a
Goup Vli-and a Goup Vill netal conponent is present as. (m xed) oxides,
it will be subjected to a sulfding treatnment prior to proper use in ‘
hydrocracki ng. 30 Suitably, the catalyst conprises one or nore conponents
of nickel andT lme'hydrohabkingl&dtawwpmicléfﬁb&ﬁtﬁjﬁmﬂi&n&ga;plﬁe m&lplnh;d&tﬁym and/ f)r
tungsten or ope .Or nore c onents of platinum and/or palladiym Catalysts
containing  nMEREN.AFoBRlnk e SoHresLel NyPdcaAlen Betdip pih Aiiesnd or
pal I adi um ar eExdpasles efibutable BIR@IrS ifchiflie siled, SluMit; B129808rcbhR, fiudkoCr acki ng
catal yst particl eS'Of{nﬁtl hj s iﬂvention may be prepare by bl endi ng, or '
co-nui |ing, 2BPERRSIABYY slica-gluminay Bigiaratseis givende thewseobalypi@ds.  Exanpl es

of suitabls bhiRd&! OtiePeonplnsnts, Sidh a8 phBHRroGd, AYdy b& hidQbddediblitd @
magnesi a and silica-alumna. Preference is given to the use of alumna as 5
bi nder .- O hertatQs i ratalyst paiticlas fos asiasipd apelisationayhe blendgd gomporrnds red t o
tailor the c | & f i [ GAL | ended
~_conponents ﬁrglt’ﬁ{esn ha'%d_, %ssu he"g‘é‘g@' %‘%arﬂgf%dﬁé%r%ogg%{gél cined to
produce t he finishiedicathlysdpattigles. pitetnative qually suitableimethods ofipdepasing t abl e

-met hods of pr. ' . . I rticl Lncl ude preparing'
oxi de bi nder tﬁ%?ﬁo@ﬁ’n gg&@%@é&ﬁéﬁ&%ﬂéé@&ﬁe t‘?} %éﬁlrﬁ‘f?;oﬁ%ﬁiﬁaer %-H‘g%ﬁ'ci ni ng,

fol | oned 1y cepbas by eytrusien, dryidg agd calcining, faivwkd bgepbsitiogtide particles,
usi ng. nmet hod h as impregnation The catal yst particles, containing the
hydr ogenat i Oﬁyﬁ@@gpé‘,lon @E@lﬁ‘ﬁ%ﬁ'eﬂfﬂarf@r'ﬁ?ﬁﬁi'ga'"éﬁeﬁtgaﬁ’%?wspri or to use as
(gp catal yst. impreghbiiord BepedtalystQarine chindindel thé hiyadgdAatonifetats, Pr ef erabl y

erated at con&lie%\i ons to substantially convert hydrocracker feedstream
32 to fuel pPButhepdurt %é’é'@aé’" &acted Priopladiseasra catalyskio i s passed to third
separation zone 42 for renoving the mddle 20 distillate and lighter
products from heavier fractions. Not shown in the Figure. are separation
zones, iAeluding flash zones andhidSepatation Zenaes, -

Hydrocracking zone 34 is preferably operated at conditions to substantially
convert hydrocracker feedstream 32 to fuel products. Second reaction zone
effluent 40 is passed to third separation zone 42 for removing the middle
20 - distillate and lighter products from heavier fractions. Not shown inthe Figure.
are separation zones, including flash zones and separation zones,
intermediate between the second reaction zone 34 and the third separation
| zone 42, intended primarily for separating hydrogen and other light gases
) () - ; from the effluent stream. Separation zone 42 may be a single or multiple
25 stage distillation. unit, with or without added stripping fluid for improving
separation efficiency. A preferred third separation zone 42 includes an
- atmo.spheric stripper. Such strippers are well known, and do nor reguire a
detailed description. Third separation zone 42 desirably produces a recycle
stream 44, which boils generally higher than fuel range fractions, and én
30 - overhead stream 46, having a boiling point in the range of fuel fractions. An
- example recycle stream boils in a temperature range generally above
- 700°F(371°C), and an example overhead stream boils in a temperature range
-generally below-700°F. Recycle stream 44 is passed to second reaction

zone 34 for recracking. Overhead stream 46 is combined with first reaction




i nternedi ate between the second reaction zone 34 and the third separation .
zone 42, intended primarily for separating hydrogen and &tisch kbadit . gases
fromthe ef fluent stream Separation zone 42 may be a single or nultiple 25
stage distillation. unit, with or without added stripping fluid for

i nprovi ng separation effi ciency. A preferred third separation zone 42

includes an abR@emaent 10 PF Eepiration NYRA sepalaliBe E6nd\12 TRe prfdifad, and do
nor require a detailed description. Third separation zone 42 desirably

produces a reEHRipEs Sé"f’?té&?ﬁwwo mptesal haiingdn Q%'EPH‘FQ ol garge. i-fian fuel range

fractions; .andofig abovadiR Fdos (39are)46, having a boiling point in the.
range of fuel fractions. An exanple recycle streamboils in a tenperature

range generally above 700F(371 C), and an exanple overhead streamboils in

a tenperatgre range generally BelOMbidBha ofSfdduce Stream 44 is passed to
second reaction zone 34 for re w‘a‘cglqn'g_%?%& stream 46 i s conbi ned

wth first:reaction -14;. 8 March 2006 zone effluent 10 for separation in

first separaljiogsipong ;ot%?onnﬂsﬁe{;vr S dafifla4 Y] RRoRIBA L8 Bl bacalife 0! S11 2

boiling .int ange 'I'n ove a OF (371
O . Thir d I ubil nr@duﬁgﬂbl'l'ypmaémabe Iubhca!mg mbm‘odta:tpmavemd infstrearayi8iwill st r eam

44 may be rec k 8. Tvpically, the
| ubricating oi&%(g[l)oﬁ'g‘é%(s'z?éﬂpe {‘/glrégé% '&%%%3 a%pmqqflscoﬁgygoylé\%%l scosity,
hi gh vi sctki thpentédﬂorhetlﬂtheaiegloﬂtémmoaﬁdm 1ﬂw$tdn®asd@:l axoecCeshd 0 be'in
t he region, of cSt . bout cSt S 00¢, apd he viscosity
- ‘i ndex woul d t@ JRHeY éﬂ ’f)WB‘éég’S é‘itgg?oﬁ?? ?i"ea %&@B(‘-‘%iﬂ > @ffet i mes” as
(Iau gh as 130 jongdtipws asT}hgﬁasnaobhgbweesent process, ‘| east one
ljubricating oil product I's recovered 15. fromthe effl uent froma:first

reaction zone, which is nmaintained at conditions for renoving contam nants

froma feedStTlﬁ‘J%nhttﬁe b%ehﬁﬁ%&é&n agﬁﬁﬁo ﬁbrfc%'img ol ?ﬁ{?u@ﬁstrg@ovg%dﬁ ream
whi | e rralntalnln flexibility for pro ucing a ricating oil

pr oduct ( s1)‘5 atfrogm %@ﬂm&@&om %8@5 reagtiomaong, it is yndinfdised @b conditions
' for removing contaminants from a feedstream to.the reaction zone, and for

Cracking the feedstream, while maintaining the flexibility for producing a
lubricating oil product(s) at any desired viscosity and viscosity index over a
- wide range of possible values. Liquid range products from the first reaction

20  zone which are not recovered for use as lubricating oil products are

hydrocracked in a second reaction zone at conditions suitable for producing

high amounts of high quality fuels, without the limitation of also achieving

specified lubricating oil properties for products recovered from the second
) .- reaction zone.
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‘wi de range of possible values. Liquid range products fromthe first
reaction. 20 zone which are. not recovered for use as | ulEisahi2ogs oi | ,
products are ~ hydrocracked in a second reaction zone at conditions suitable

. for producing high amounts of high quality fuels, without the limtation
of also achieving specified lubricating oil properties for products
recovered fro@Lammessecond  reaction zone. 8 March 2006 CLAIMS.: F 1. An
i nt egrated process for producing both fuels and lubricating oil products
froma single integrated hydrocracking system which produces high yields 5

of high qual i€ yah iftbgratettirbSes¥BbrpadlERg bblrfubRidnttidbrichfhg efpRkLLERY t he
desired product properties for the lubricating oil products recovered from
the process, cPFpd nglg intewateddparesracking exstrracwiiely peoducesihightyiafdsocar bon

f eedst ockswi th Sy Bls, @hid [rohntaipfiy ABHAIYT6r <elbolinb Y aRiRGESST no
zone which may be operat'ed at either “hydrotreating or rocracki ng

condi ti ons; whiRRdue psppertiasdar dbe kbridatingooibpreifials recowened froemthee i npurities
.cont ai ned-in.- e '&-ggl | £ a first effluent containing a

normal Iy i qui cfng?%sgt %8 %‘gsstée(%saéfgti ng the normally liquid fraction
fromthe first effluent by boiling point range to yield at |least a first

| ubri cating oi |y PERiMGihg adigkid '@dréﬁb%n RlcAdiy rg@ﬁ%&ﬁm&ﬂ@{ﬁ&&?é fiRgtion; c.

contacting at least a portion of the bottomTr h a second 20
catal yst 19 n a hydealalysidn phydioprecespiagaoad whichooay be operatast ateitheve to -

hydrocrack the b Aact| 4 el L SEC f nt. d. separating
.~ the second effl ugh{dﬂgbéa@ggw ﬁgdrgéﬁﬁg'hgacga@t@gs'%ﬁejﬁhﬁggh&%&?ﬂe?thead stream and
@r ecycl e st r eamcomdifica$effective by mag: inperities yaritained irctheféad stouk, to _ ‘
pyarocr acking 200G & irdk SindnP SSRGS hSitity iGuid'sRicbn; Wherel n the first.
156 b. separating the normally fiquid fraction from the first effiuent by boiling
point range to yield at least a first lubricating oil product, a first fuel
product and a bottom fraction; |

c. contacting at least a portion of the bottom fraction with a second
20 ~ catalyst in a hydrocracking zone operated at conditions effective to
hydrocrack the bottom fraction, to yield a second effluent;

d. 'separating the second effluent by boiling point range to yield an
C} , -+ . overhead stream and a recycie stream; and
25
e. recycling the recycle stream to the hydrocracking zone.

2. The process according to Claim 1 wherein the first effluent from the
hydroprocessing zone is separated in an atmospheric separation zone to
30 produce the first fuel product and a heavy fraction.

3. The process according to Claim 2 wherein the heavy fraction is separated
~ in a vacuum separation zone to yield the first lubricating oil product and -
- the bottom fraction. '

-16-




hydr oprocessi ng zone is separated in an atnospheric separation zone to 30 .
produce the first fuel product and a heavy fraction. 3. BWakh®08sS '
according to Claim2 wherein the heavy fraction is separated in a vacuum
separation zone to yield the first lubricating. oil praduct and the bottom
fraction. -16 8 March 2006 C. 5 4. The process according to claim1l or 3

-~ wherein at | epstheaprpesst actordifg folvkail Atdr 3Whetdinat 164t aipBrioR 6PME bekorAS a second
| ubricating oil_product.” 5. The process according to Claim3 further
produci ng a sectediopisrecopersd @sta sesond fibricatingaitpradeel ding. to claim | or 3
wherein sone of the first lubricating oil product is conbined with the
bottom fraction for contacting the catalyst in the hydrocracking zone. 10
7. The proceds Hecpogesspacordingto®laim@dudher produding a secandrfiekprodgetoi | '
product i derived fromthe first effluent only. 15 8.- The process
according, to.claiml1l, 3 or 7 wherein.the first' lubricating oil product
has a vi scost yihepeosess acgoringto oleim b et dwbercimome dof the fetlubsinatingledut 60 cSt,

and a viscosity_]| of .are t han 90, 9. The process, according to aim
2 wher oi n tne. EBIEE ARG i i ko adion RERHSG RO FRGMSHBO L ed. a
- 100C bet ween altieihydtocratkingdon@bout 60 cSt, and a viscosity index of

-greater than 90. 20 10. The process according to Caiml wherein the
overhead streamboils in a ‘tenperature range that is within or below the

m ddl e digti¥) ghe prees acddrdinghe qvéiﬁpﬂﬁrﬁe@i&ﬂfe%ﬁguﬁ&a%gbﬂﬁbd%?kei n the .
i quid hydrocarbgon 25 feedstock is a vacuumgas oil. 127 The process .
according to CﬂﬁFYﬁdlfr%y?%ﬂfﬁt?fﬂﬁeﬂti%Md hydr ocar bon .

8. The process according to claim 1, 3 or 7 wherein the first
%ubricating' oil product has a viscosity, measured at 100°C between about 2
15 ¢St and about 60 ¢S, and a viscosity index of greater than 90.

9. The process according to Claim 4 wherein fhe second lubricating oil
_product has a viscosity, measured at 100°C between about 2 ¢Stand
about 60 cSt, and a viscosity index of greater than 90. | |
20 ‘ |
10.The process acéording to Claim 1 wherein the overhead stream boils ina
temperature range that is within or below the middle distiflate range.

(} ~ -~ 11.The process according tc Claim 1 wherein the liquid hydrocarbon
25 feedstock is a vactium gas oil.

12.The process according to Claim 1 wherein the liquid hydrocarbon
feedstock is a synthetic product from a Fischer Tropsch process.

30 13, The process according to claim 1 or 12 wherein the liquid hydrocarbon

feedstock is a wax from a Fischer Tropsch process, the wax having a
‘boiling point of greater than about 650°F. ' '

-17-




feedstock is a synthetic product froma Fischer Tropsch process. 30 13. The -
" process according to claim1 or 12 wherein: the |iquid hyjgaearbon '
feedstock is a wax from a Fi scher Tropsch. process, the wax having a
boiling point of greater than about 650F. -17~ 8 March 2006 14. An

I ntegrated process for producing both fuels and lubricating oil prpoducts

froma singl e|4 Ahaeegrafl frocsRToRSodN6Ing HotiElelsHhddtbricaliRg of prodube St eps
.of: 5 a. contacting a |liquid hydrocarbon feedstock w th hydrogen over a
first catal ystirom asinglaiRpargtesdydmperaeiing syfteranwivgl) comprasrs hesterst - ei t her
“hydrotreating og hydrocracking conditions, and is operated at conditions
effective to renove inpurities contained in the feedstock, to yield a
first effluent containing a normally liquid fraction, conprising a 10 -

fuel prodyct hayi BgnaciY SFduidRidrbPSrbBR FldsRStk Wih HYardy¥nBer %ikdt! N9 poi nt
: dﬂ@#\ eds*oc%}bg. Hg)%?' k

of the liquid hydrocar separating 't irst eftluent from
t he hydr opr ocessi taftalyshie a hydsoprocassigprane;, whivhpeayhe operatedeatedhgi el d a

first fuel produci . he ction: C._ SE | he heavy
fraction in a vachﬁ%gg%%ﬁa(ﬁ% ro%: g“hcy@o&ﬂ/"ﬁglloag'aan%?g?@%&A@g54 product, a
first lubri cati ngconditigmsatfectivesto dermobe irhpuritics @ohfained. i thedfeedstotl, te g at
least a portion of. Itdhe fi)%ﬁt._ | ubricati %g Oil‘ Pr%}yc{gi wWth the bottom
fraction to yiel d/igldA isteflugniepn Al ¢ TRellydiqu AL FRPRTIEXR dr ocr acker
feedstreq wi t h ausbgretdctdriviagiorival Boiliy goREbEISWithenaat belieg at ed at .
conditions effective tag hﬁj@?cr ck the 25 Epycgrocracker feedstreamto yield
a second ef f | uentPoiRt ofdhe, T‘Y@O?q‘f R fReSiStICK: | uent to-yield an over head
treamand a recycle stream and 30 g. -conbining the overhead streamw th

he first effluent. for separation in the atnospheric separation zone.
' b. separating the first effluent from the hydroprocessing zone in an -

atmospheric separation zone to yield a first fuel product and a heavy
15 fraction;

c. separating the heavy fraction in a vacuum separation zone to yield a
: _second fuel product, a first lubricating oil product and a bottom fraction;

20 . d. combining at least a portion of the first lubricating oil product with the
bottom fraction to yield a hydrocracker feedstream;

e. - contacting the hydrocracker feedstream with a second catalystin a.
C ] : ~hydrocracking zone operated at conditions effective to hydrocrack the
- 25 hydrocracker feedstream to yield a second effluent;

£ separating the second effluent to yield an overhead stream and a
- recycle stream; and

30 g. -combining the overhead stream with the first effluent fo.r. separation in
the atmospheric separation zone.

15.The process according to Claim 14 further corhprising' recycling the recycle
stream to the hydrocracking zone.
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15. The process accordl ng to Caim14 further conprising recycling the
recycle streamto the hydrocracking zone. -18 8 March 200820 20b® process
according tb Claim 14 further conprising recovering at |least a portion of
the bottomfraction as a second lubricating oil product.. 17. The process .
according to Caim14 further conprising recovering at Ieast a portion of
the recycl e sttécihe amcesshcamﬂlhgthscmmngudhérqmnpmmg redtﬁlen’igat leasc®ss

'accordlngto Clal first Iubrl ] uc has a

vi scosity, rreasu‘f’ md%i%@ﬁ ﬁ%’ﬁf"’%“&ﬁﬂ‘ﬁ ¢St, and a
vi scosity index of great er than 90. 10 19. The process accordi ng to cI aim 16
wherein the se d lubricatin rodyct, has a vj scosity, neasured at

' 100C, bet ween otk PoCESs a%ﬁﬁﬂ%ﬁ%ﬁlﬁ%d%@@ﬂf&ﬁa’wswg%%fﬁmg Ahleast Bf
greater thgn 90. é'rﬁor?@ftﬁ@%@b%éﬁmﬁmwﬂbﬁ&tﬁg%‘ﬂ'ﬁr&cﬁ:cv\’”ef ein the third
| ubricating oil product has a viscosity, neasured at 100C, between about 2

cSt and about 10 cSt and a viscosity index above about 100. 8 March 2006

PROCESS FOR . PHEI Ao ,lcﬁy% (e ﬁﬁ}&ﬁa
HYDROCRACKI NG SYSTEM ABS'IQRC,@\CT dﬁﬁéggaﬁ f%ﬁl nt egr Ee Istillate
* hydrocracki ng prm@wS@SGnm%@mabfo%r betmen abpuiodioBt andahbubfi® or .nore

- lube products fr gﬁfs!:: ASGhahgvy o fractions fromthe first

stage, which are(;%r?l1 ({éeg%{:/%s; as(q?g e pro c?‘s, are cracked to fuels in a
second re#@tion stage, This invention is intended to provide a full range -
of tube streagg.,over Vi SCOSI ange, and a . 005|ty i ndex
ange. 1 om a IPILP Siss e BepaRer S I whdieRane Tosor Uhipied o8 0r  high
(qual ity fuels. Iprgducehds a viscosity, measured at 100°C, between about 2. ¢St and
about 60 cSt and a viscosity index of greater than 90.

15  20.The process according to claim 17 wherein the third lubricating oil product + .

has a viscosity, measured at 100°C, between about 2 ¢St and about 10
cSt, and a viscosity index above about 100.
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