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
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| 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
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slightly h'ﬁﬂh%ﬁé BIRBFdtNG Dils om\fﬂ]ﬁgmaaowrﬂaé@%tddne ah@Ww boi | i ng .
conmponents of the 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 acceBABKEROUNDong as they do not predoninate
<\hn any lubricating oil product fraction, and thereby unaccept abl'y reduce
¢

e viscosity index of the |ubricating oi | produc 3
Hydrocracking a refinery stream to produce both fuels and lubricating oil

‘products is a process having conflicting objectives. Fuels hydrocracking,

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
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“Conventional nethods for producing both fuels and lubricating oil products
froma single integrated hydrocracki ng system are opti nm zadakaroome type of
product, wi'th-the properties and yield of the second type of product being
dictatéd by conditions inposed on the system For exanple, a fuels 8 March
2006 hydrocracker operated at high severity for producing. fuels, may al so

h | ub I
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char act eri zddbripptiag b produstaiesiany Howewd the ltyricating ol prodybt recaesed ty i ndex.
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have a procegardcfacker. mdr@ermdkeg fﬂlume@d)ldﬂuﬂés thr@yhaepeatey rédyelbfsté;ﬁ whil e -

mai nt ai ni ng { he erX|b| sel ec t he desijped product properties
For " Tubr | S 4eRig being rareelrc (i Ersatsdiasiion sheliotore sccemainods. of

- produci ng h'fcﬂ*fu&kiaédcﬁﬁeﬁéﬁiéd bpavatibaderdfirhatahRo sl mepasksr itiPot t ons have
been attenpted by others- The instant process is, however, 15 directed to

an integrat @GS'ﬁ%&@WPfﬁﬁé‘%ﬁf@f PWUS'PQMW?‘%PQ"EHBUP%@'%?I product s.
U S, Paho Nemid selitarhihe hEBRbRiY 1t detddiing!ifie Besidiliraffet prapertildicen  an

atnDspherlc residue Is distil In a vacuu dlstlllatlon unit to
produce a h@(ma!lmgﬂbpfodwf@mwvmfmmspmmtreat ed to renove
uriti-es, then hydrocracked. The |ight hydrocarbons created by cracking
‘e then removed 20 by distillation, and the unconverted oil is passed to
a second. vMethodsdif praducayihagh qmallty Mbe}ﬁlaommomtﬁhzéshydfberad&mi ning materi al
lee

i scl oses. abAoBoYehS BMAY BF STRLT-o RS B8t BRokTL . PRy | ube base
oi | froms ungdipevted tcesh itdgrated @rcfdeeb forlprelatioaekiedth fggle aAd iubeg oil
' products. U.S. Pat. No. 5,580,442 (Kwon et al) discloses a process 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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In recycle node- A vacuumdistillation unit is enployed foll ow ng
fractionation. Any of the fractions fromthe vacuum di st i8lMath@a0éni t may
be 30 recycled to the .hydrotreater, passed to. the hydrocracker, or sent
town FCC wunit. The cuts fromthe vacuumdistillation unit need not be
recycled to the hydrocracker. Kwon et at does not disclose the necessity

. et
of oper atheRprIoRsiates hysregenrapisst 9 Qbigin pubssaYERlyoNax§d PaRsastock§ dr ocr acker
bott ons I R I - ropriate hydrogen content to obtain
subsequeﬁﬂ'@éﬂag\?gﬁ%ﬁeﬁgth%g%gs%\lngﬁﬁ' a VI of at least 115, as does Bixel
et al. US Pat. No. 5,985,132 (Hoehn et al) discloses a nethod for .

pr oduci ngle# }be bl endi ng st ocks by enpl oyi ng a | ubes hydrocracker rather
than a f Het-$ AN SetoreldarHoehy et alldisqlosasipemetied iPredteligtyksh. A | ubes

hydr ocr a ; .S 0 F% rtion of
the effl 'Ellgﬁ?mgltgyggérln&( gmgfa?neﬁ@taﬁ9%}eﬂr%§¥cgdaa‘%régﬁltﬁzh%{€@?%%r r ocrkgigki ng zone
t o pr oduagusedie the imaEnhigveritiooks iubas biytrecragkertanmioysfa tdneersidnl lesestibr st ream
fromthe first rocrackin one is directly introduced into, a second
hydr ocr a5 HEn e G HotR §1 68 PiluertaeaGabdYerty srmmoveddans eidiced 1o
produce njdiBirdekitd'zdrido pRSthi2e jude BRI SlodkEARherURfforf 418 bifert! ! 1

hydr opr ocessi ng zone passes to an atriospheric separation zone. SUMVARY OF

- THE | NVENT@aDNfrdimehe fist kydro¢racking Zame ip diosctiglédrasupediotss séandhydr ocr acki ng a
~refinery_stream.to raduce. fuel s, including naphth ker osene and di esel
fuel | wnprkoAMRE o ohEintaedit eppirto bradb captiso Bty o ni gh

qual i ty - fydlr |CRE ifdearR idve RERAHE bffRdnt FIAE tHY REETaropfdtebdlfy 2oHPyades the

flexibility for preparation of lubricating oil" products having a w de

range of todrsatowsplieic separalioszo®i ty i ndices. Thus, it woul d be advant ageous

if at |least sone enbodi nents of the present invention produce a high

quality lube fraction froma fuels hydrocracker. It would also be

advant ageous if at |east SIBVARYOSE TRELRVENTIONR Present invention provide

a full range of | obe stredns, over a w de viscoSity range and a w de

vi scosi t Jhe prgesnt inventjen plovides a praceiss fdnywdmeraakikg a.refineryeiggain & so be

advant agSr%Hﬁcé {uefisE inlcl(agﬁ'n% n%BﬁEﬁa, kerosene and diesel fuel, while maintaining the

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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enbodi nents of the present invention provide a high viscosity index |ube
stream froma fuels hydrocracker. According to a first &psch2006the
invention, there is provided an integrated process for producing both
fuels and lubricating oil products froma single integrated hydrocracking
system which produces high yields of high quality fuels, while

nai nt ai nFAECHNOdRe B?!f"ieEj)P"@‘th D@pertwaffcefﬁh@zg@ecaétég od pragycisieceyesd ed pr oduct

properti ﬁgmftﬂéep@@g%%%g?‘bﬁﬂg‘é To %?%As & oducts recovered fromthe process,

conprising t contacting a liquid hydrocarbon feedstock with
hydrogen over a first catalyst in a hydroprocessing zone which nmay be

operated at either hydrotreating or hydrocracking conditions, which is
operated at c8heRNAWYAS adippid typkpeathen fesdsiack with yfoges oy ished in t he

feedst ock, to yj i ; Wall : iquid
fraction; b) se%%%lg?tiq?\é h? ﬂ@%@%ﬁf@%ﬁ‘g’ﬂ.&@h@?ggt“?%%?‘?d:%ﬂré"fﬁ'}a first

ef fl uent by boi hydigirgatingor hadrgeratiing carditioat, widatsis opefatadsst donbitioesat i ng oi |
product, a first_fuel product and a bottomfraction; c). contacting at

p [ X
| east a porti on®HHCIYHIS BBOVS IR HES COmMaiRpe I @e%mk- e 9dtin a
hydr ocr acki.ng Zé’ﬁl@e;ﬁ%ﬁl?fnﬁ% é‘ﬁorﬁ‘f?;ﬂ?’liét#icﬁ’ﬂéctﬁ)w ective to hydrocrack the
d ond” e

bottom fraction, to yie sec uent; d) separating the second
ef fl uent by boiling point range to-yield an overhead streamand a recycle

stream. and (g)recycli t he recycl streamtq the hydrocracking zone.
accordi g to. &) Sspetiing Bktally i Freraiorome st st oy hiiRded an

i ntegrated procgsist rah 3 i iSq & rieati Hl,ctPr oduct s
froma single iﬁeé?aﬁtg%éjgrgg%?%c i%gugi%gfgeﬁ'}p&moh%hé ﬁ%&r{)dré?%@gb%the st eps
of : a. contactiay abdtkapuirdctlopdr ocar bon feedstock with hydrogen over a first

catalyst in a hydroprocessing zone, which may be operated at either
hydrotreating or hydrocracking

c¢) contacting at least a portion of the bottom fraction with 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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conditions, and is operated at conditions effective to renove inpurities
contained in the feedstock, to yield a first effluent cgmizatHhpow a
normally liquid fraction, conprising a fuel product having a nornal
boiling point below the normal boiling point of the liquid hydrocarbon .

feedstock; b. separating the first effluent fromthe hydroprocessi ng zone
in an at FESRTRING dehiegdy Badlien in 2 Gquur seraralion zeng ipyistd %?QP"Cb"B%‘duct and a

heavy frg,@,gud@raﬁ&m%3@&%&@@@9&@&“@%&% heavy fraction in a vacuum
separation zone to yield a second fuel product, a first lubricating oil

pr oduct arr@nwwatdﬁﬁ&aa@fﬁlp@ﬁfth@lfrswhmaﬁnmgﬂ product with the bogiemifigations t he fir st
| ubri Cat{ork}ﬁblcfé éﬁ{ Qﬁfeéﬂs&@arﬁ he bottomfraction to yield a
erf eedst

hydr ocr ac ream e. contacting the hydrocrackerfeedstreamw th a
second cetcahipslingithe hydragthckenferdsireain wiha seeppd pattabfal i@ hydreerpekingronef f ect i ve

to hydr °8;5e?§t§d %P@onﬁ%zﬁﬁ%ﬁ%ﬁ\zﬁ of &%EEaE h%S rollaBlel fastitBhiie fie @l | uent; .

separatin € secon oyl e over ea strea (? a recycl e
stream Mndgﬂuemnbi ning the overhead streamwith the fi rst ef fl uent for

separat i invention, a
br 1 cat | Rl e SRR GG o KAEA Gl SRRl e ARG UER

hydr opr og.essibinggioneverivdadcireana yith thedipet efilent fartseparatimerin hydr ot r eat i ng or

hydr ocr @k'aﬁﬂ?s ﬁndlt ons. This zone is operated at conditions presel ected
to achi eV8 8 Efr‘ccssl?qrﬂfﬁm&o?e product having the desired properties.

Por t i onsindfie plesesffifiamtion, a nubtrcat:egoirprcm!dctfleseﬂaarbtes fiomn theeffideytiofecr acked i n a
hydr ocracki ng zone to produce fuel range products at high yields.

SUMVARY ydraRIRCTSRINGZRS MHCEMGY Pe quTal%jc@tfag RYORtEseERg 89 enbodi ment of the
I nt egr at Ir%‘\lﬁlg%e@ydﬁgng@&ﬁ&kl‘%onﬂéBﬁéﬂateﬁ Meb i QPeddebild 6D DESCRI PTI ON OF

THE | NVI
achieve a lubricating 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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-5 1n the preferred enbodi nent shown in the Figure, a liquid hydrocarbon
. feedstock 2 is contacted with hydrogen 4 over a catal yst giMargh 2006
“hydroprocessing zone 6 contained within first reactor vessel 8. A suitable
| i'qui d "hydrocarbon feedstock is a V@ boiling in a tenperature range above
~about 500F (260C), usually within the tenperature range of 500-1100F 10
- (260-593C) . The termmbEgni D BESCRIPACON OFOGE APVENTIIN Ch are liquid at
anbi ent conditions. The Trqurd hydrocarbon feedstocCck, which may be used in
the instant invention, contains inpurities such as nitrogen and sul fur, '
which are renoved in the 15 hydr opFeedstsikng step- Nitrogen inpurities
present in-the liquid hydrocarbon feedstock are usually present as
or ganoni trogen conpounds, in anounts greater than |I.ppm Sulfur inpurities
are al s& gdndéhenpreferradenaadimeatstowni io the Rigyte, bdiguiddydfocartianogen and sul f ur,

i ncl udi ng tho i ni - 9 an | r ' 2n_and up to 2
wt 5 and. i JREPLaci roRleb ot Buodertt Shor St A0 ek b @8ERa oL VE,

f eedst ocks 2ohé élvoatainea within firsh sexdvddrivenssd 8adsuitablesliggridhydrocashd |y require
sonme kind qQf prior tr nt,.such as jn a hydrotreating operation, before .
they are s&??‘%ﬁﬂ“g'?ﬁvc%égggggﬁ‘?M‘?rﬁ Refaé'lggtqﬁ’é“’eﬁ' @¥opr ocessi ng process
step. A suigoply @ebPO) uSudlyAighRfheaBmbeRlsE Pakge ofB0TRAIIDE°H ess than about
500 ppm asphal tenes, preférably | ess-than about 25 200 ppm asphal t'enes, and
mor e pri@f ed261-§93°63.s Thé tgimdl ref@rs tphydroearbaag, whidsaretligaiddites of such

i quid hydr .eedstocks include light gas oil, heavy gas oil, vacuum
gas oil, sta&ﬁég'ﬂf%?éjﬁ&%as oil, deasphalted oil, and the |ike. The process

{ the invention is also useful for upgrading oil and/or wax produced in a
ynt hetic el.s .process , such Fi scher - Tropsgh . 30. process... The |iquid
myar ocar bor e BB HHPERE e o hhER Gt G 12 Bl FiBatiohon: | ng.

prior to tgentaingwapirities BUER ais ntroge 4R saifurs whithaité réhbyed iRlthar nate its

het er oat o nmetal or aromatj.c content _The Ii(aui d hydroc%r bon) f eedst ock may
al'so C-aﬁpp}:gtyop@@%qugg gtgﬂqpm_!mpgrltres present in-the liquid 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.




8 March 2006 Hydr opr ocessi ng Zone Wiile the first reactor vessel 8 is shown
“in the Figure as a single reactor vessel, nultiple vessgligartmassy i es flow
are al so contenplated.as being within 5 t he scope of the invention. The
hydr opr ocessi ng zone 6 contained in first reactor vessel 8 may contain one
or nore layers of. hydroconversion catal yst, each layer intended for either

hydrotreating or hydrocracking ﬁ_méﬂog@@m%w,gy otreating catalysts and
|

hydr ocracki ng catal ysts generalTy are erentiated by the facility of
the catal yst for renoving heteroatons fromthe 10 feedstream especially

sul fur, | ni t lrngh_élﬁﬂdtQéa(ngel mfisd;hﬁwn f:mmcrﬁgmg atsms'mgieeéadt@ck resul ting.
IN a Nol ecul ar | re UCtLon 0] e eedst o Otreatlng
et one T eReRIam RIS HeaoIn it s fopeare R S Reing WG o

renovi ng gTetiRé ScopRdfdhdRilehtiont Nhef 18 IFop r@%sﬁ@hﬂéhé@d@ﬂt@ﬂ:éﬁ inTestand
aromatics. It is particularly desirable to renpve multi-ring aromatic

mat eri al s 13eRiPN Yegsehiimay cedlainge ednonsdavess ef ydrecanypsioncatalyte t o
fouling a- hydhesermdiied f&aé.@abvawrow&tm &fﬂﬁamm&%gqeaémg A measure of

cracki ng conversion may al so occur, pendi ng on the severity of the

hydr ot r eat i lydeatieatiog @ﬂtgivstﬁmmﬂrowraﬁaé@lmﬁgen@m&x pens i nclude, in-
addition to tﬁfeoﬁ&# %ff (t,llhgf) FR%kk 'k?forqéﬁﬁg@&%ﬁ%r%%tﬁ g%‘grﬁ ﬁ‘{er eating,

cracklng reac |ons res In HD ecul ar I Ng p0|nt
reducti df afebdsbbaopéspecialinsulingaitregen archoadxygen, H;ndrfot cragkingdhecat al yst s

whi ch are d novin er 25 s ura reactioné,
will typi CalEfipggc%ﬁpﬁegglgniq.@mpgeggﬁaiyveﬁﬁtt %ﬁ’ﬁ@ ?]ftthggeﬁgg chdﬁigﬁpcg[ por ous
. (F-@L rgct ory hmretreattrig fuastionk indludz remmlt@terbmdmtsmafaismglfmaérai y'lst s i ncl ude
y rogenatjon co nent suppor e Co silica,
R S e T R ST
~ hydrotreati Bfngaical %% parBit@lany @édﬂabled@%m@@e thi:mfg"%maﬁa neémdly st s usef ul
for the first reaction zone ,are also well known, general t he

hydr ocr A8ki Aginghysdrgieqating s the §r%Par&¢taw prgne Bmyhr@@ ha rpcgacking

- catalyst, which 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

6.




“hydr ogenation conponent on an oxi de support material or binder. The

cracki ng conponent may include an anorphous: cracking cogmnembogend/ or a
zeolite, such as a Y-type zeolite, an ultrastable Y-type zeolite, or a 8
March 2006 deal umi nated zeolite. A-suitable anmorphous cracking conponent is
silica-alumna. The hydrogenation conponent of the catalyst particles is

sel ect ed fromdehRAtnated 26#ité. SAlstRaBle bMoRshavk @Qackﬁx?&io)‘ripdheht’iﬂr ogenation
activity. At |least one netal conponent selected fromthe Goup VIII (1UPAC

Not ati on) el efERE&UMiBRor fromthe Group VI (1 UPAC Notation) elenents are
general ly chosen- Goup V elenents include chrom um nolybdenum and
t ungst en. el erents include iron, cobalt, nickel, ruthenium

up V11
“r hodi um paI | JBP@WWB@W%CWO@PMHW@ﬁ?fﬂ'Yﬁmﬂ!Crl%ﬁﬂS teghsemdhase of - ‘
- hyydrogenati o ?‘Wﬁw r out 0. 5%
t)c/)yabogt i%% %Iy wel ght rgfé)(grbﬂdé% ﬁﬁéﬁ*&ﬁéenﬁﬂhtgﬁﬁi ﬁq&é}s&%??ﬁbout 5%0
to about 25% qunmgmsel@ﬁte@fmptheﬁr@spédm (iblBAﬁdﬂ@tatlQ@)elemammndtoed as netal

By el ght " ar o BAAE Crfur? Y1 HGEREING ) RmerfE® gelerailf ibSer. BBy " 290
hydrogenat i onelemeptiadtde chrotﬂmnaab&bqertunnagd tdmgsien tGreuleldelerrwnté/ or the

G Vill
ot i conpondpuitg iBp ol Bk uienfin, iR atagithy. oS8R oq 't o o

“sul f : di ng1a r eaidplatingm] Whehmopntmajfhyd:egemttmyadfoﬁgjomht(sdn/qn theS%atélgt#tl ?/i t hg
one of mor o, 4 '%E@aé’?ﬁesﬁgp%wﬁ%”"” 1% by it oh oMl R ¢
"(eprmonent s of caMiire ?mcﬁﬁ aBéﬂnt'S’/dthQ&OL@QB% BPWEIgROSE GEotp\ méialckel and

rol ybdenum ni ckel tungsten, platinum and/aor aI | adi um ar e

particularly W%\eﬁ e, calsuméqwﬂ?tammrﬁ)r@rdapaxaytmbmﬁlghthfé#aland
- hydrotreati “% \féﬁéreﬁﬁéféé&hﬁé Qébﬁﬂb@g éﬂé‘b‘ﬂ(%tea% tHE W thﬁ’z ared by

bl endi ng, tive ources rogenati o net a s with a
bi nder . Bﬁamaé@y&tibem salﬁdlegbThaév@rogmﬂt@womponents in the catalyst may

be in the oxidic and/or the sulphidic form. If a combination of at least a Group
VI and a Group VIli metal component is present as (mixed) oxides, it wili 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 and/or 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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silica, alum na, clays, zirconia, titania, magnesia and silica-alumna.

" Preference is given to the use of alumina as binder. O hgm#&ewposents, such
30 as phosphorous, may be added as desired to tailor the catalyst particles
for a ‘desired application. The bl ended conponents are then shaped, such as
by extrusion, dried and cal cined to produce the finished catalyst
particles. oMM ESERRHG, howsd Bﬁhbﬂos’?ﬁﬂgmé Ih9dfRERSEEH RbtalIRIARE bRidet he
anor phous catal yst “particles include préparing oxide binder particles,
such as by Bxiticlgs. using mefiody such amimprragrationnd hercglalysheartigles.deposi ti ng t he
hydr ogenat i l4 | i i &adse as . '
| npregnati og&t%ﬁ{gactg? g%@?%@?’? ﬁﬁtgiggkég%fgﬁﬁgﬁg@hﬁydr ogcg‘?]*g?i on netals,
are then-futauserash cafdlyshd cal cined prior to use as a catalyst. 5 The
hydr opr ogessi ng zone may be one of a nunber of possible configurations.
The zone may reside in one or nmultiple reactor vessels, ‘each in series
fluid conmuTihehydroprosesding romeahénebe org sba sunmibeeofzmseibleay conpri se one or

nor e cat al yst d t ai_ni t T 10

oar onr ooe GMEIGTRRS e ST Br R R oo os FRIGF fisblof Fhssald Bhgh
hydrficrackiiﬁ@eﬁlai ﬂbmligmnwni@tigmmhmibmewéssbfme mmﬂér!mﬁyrwh. misegat |b|ng . d
~ catalyst particles and t rocr acking catal yst rtic may be bl ende
e D reng Sttty bedd Segf Eoatainiry S5 bt RS Thrl s the <

hydr ot-r gt | fi@iropiBEctsiiy zdnd mhdyCdontait BAly MydFcheafs taglyspbal yst particles may.
reside In separate_ 157].ayers "of catal yst gartlc es, -each |ayer in fluid _
conmmmuni cat i idregracking ¢atalyals e combipatianygfdne M\ Ehe Rydrotreatingr esent , the

Chat the g pBH IR heHiroolat i elel st BuBERS Rl Bindtih 222 Vst
particl es, plyswahmixtuse ima kingle catalygt ped. Memaliv%,tﬁwwnyeaﬁmnbi nation of "
the two. Zoca%qﬁsqtp%ﬂﬁle%oéﬁ%i I'Mi%%?acking catalyst particles may reside in separate
‘ 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).
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The hydroprocessing zone 6 is operated in the instant invention at
conditions effective to renove the inpurities contalnedgu@mkﬁgobgqU|d
hydrocarbon 25 feedstock. Reaction conditions in the

hydr ot r eati ngl hydrocracki ng zone 6 are considered to be conventional for
fuel s hydrotreati ng and hydrocracking.- Suitable reaction conditions.

include a repetdrR tbmﬁéwb@s%b% @#&H%%E@Fa%ﬁ%ﬁhtﬁ?c
(482-932F), pressures. from about 3. at 0. about MPa (500- 3, 500

psi), and a MBadl.08es. QOPdsitVigh thame@ﬁ@dd@mas%tsvp@m Masch@ep f r om. about |

D om about " ogh Wet peAERARRofodsUindiiolS Rl diffrngaEIAkh (1 (Ne range
(2, 310- 11, 75eedstegionitiihydiegen fnder hpérpchmgedoyldxﬁbrammwng@ct i 02 e oh

.
D008  Pr ooy PLESRAE of A0 358 P2 D lodd 1Pl 900 660d bR 1 4k fuda® MPIED
ﬁo 7 N}l:’gw(’] gambemeeﬂ@bpstam mﬂdﬂltﬁﬁg??ﬂﬁgﬁ??]fﬁgm S)IST?M ai t has
Doty ol cum "0 baBYasRiAHGR! 6,510 AhES SRA s aRPerAIA Jr INngh oL T fobns

conpri sing 27°@(ERPWogef about 13.8 MPa to about 20.7 MPa (2, 000-3000
psi), agas to 0|I rati o between about 379-909 std liters H2/ kg oil
(2,500-6,000 scflbbl), a LHSV of between about'0.5-1.5 hrl, and a

t enper at,Pre in the range-of 36Q&.qtiQnaf Zﬁ:zg go 800F). 10. Fi rst Separation
Zone Effluent 10 containing a fraction is recovered from .
hydr opr ocessi ng zone. 6, and at least the normally liquid fraction is

- @par at ed Em&ntwc&ﬁam@ea ROrrRAT Rl Rl et ei | 1 Ng poi nt.

tails of the system 15 separatlon zones are generally dictated by
~local requi hﬁfénmessmggmﬁ dnd at{egst theproranaily iquid faddionds sepmnatedi ncl udes -

| One or 1or.e; é‘ﬁﬂl: Rﬁ#fr mbRfred atflﬁ’éréﬂl;@hte& BO%ﬁmﬁé‘ﬁEm? hﬂ%?ljs %fftﬁé g&%\“ ng

hydr ogen’ an gases, or puri ecovere €n prior to
r ecycl elor of mm@h%mbeae gamuhl&@ctpﬁedchydocﬂ requirements. In general,

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 dlstlllate stream), depending on the partscular -

'requ:rements of the refiner.
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normal ly liquid fraction for -distillation. In .the preferred enbodi nent
illustrated 20 in the Figure, sonme or all. of the nor mal | B Mar@ki2dog r acti on
~of ‘the effluent 10 from the hydr opr ocessi ng zone i s separated in one or
nore distillation colums. Either anbient pressure separations,
- sub- anbi ent separations, super- anbi ent pressure separations or a

- conbi nati on sed. The se atl system,shown in.the preferred
_enbodi nent oﬁ%ﬁ@lﬁawgss lsrﬁ,SPS ‘ﬁﬁlﬁﬁf@fj‘t’ ion of mi ﬂ&&'h‘i‘;ﬁ zone 12,

- operated-at Mbﬁ@bé.vngfmh@fﬁn@r&%ﬁuﬁﬁa%ﬁoam@wmqn%rsaaét%ﬂ@ne 20,
operated at sub-ambien ressure. Such distillation colums are well-known

in the art, ln{rtbeeapmnaﬁeﬁwéesémwk:@ By middie distiliate &agtiorFhaving
separation b off gas
stream 14 an argggravgggr ac |3%1 Qfﬁ? @Enggﬁ#@§%é&%a%lﬁ% gde nore 30
t han one 5st el grefegably 86 apl¥, lud ilgasmhporentd ofdhenmiddle distiiate baemea stream a
di esel stream and/or a m il tr dependj ng on.the
particul ar "CEYH °é'rP§rR°é"&? eﬁgeﬁé?'i'ﬁé?‘ﬁ 1% l\ﬁfﬂqb@(ﬂﬁ% @ﬁb &‘fHFét&q process
i s especi al laf Iéa%?ébﬁut 78 vbi3e, frefeshtily B9 Rot0f 1p2|jn§hts| dfthemiddigct i ons
boiling in the range of about 121-371C (250- 7001 as determne by the

appr opr i at e dRgifaiethaye agosuathailing W@flﬁsédh@ WELECiI(0e¥y. Thadermn having -
boi 1 I'ng ran%ﬁaie @Ak d2 bl o fndueRnd Bt Jof lEF ARG bidRbndt | PAST 7 3

vol % prefera e conponents of I'Stillate have a.
nor mal Wi | bmjyn@mnge fca‘ctagmsaaflmfkemaeneadnqeﬂtfuembllﬁg@bﬁﬂﬁnm furthernore

that at fea u %, preferably. 85 9 oL e ents of the
mda e i SRS e Gl Ren g AReittd 2 Phe BBRERTRTIC { 200r)

the term ﬁhddicﬁtedhstﬂlébél%ﬂmg randeniemeadel o refér ty Hdidearbdndifling | et fuel .

and ker osene 10 boilin ra fracti ons. The kerosene or jet fuel boiling

point r angePP'§ s ¢fiabekl rfé{@mﬂ@ﬂaﬂt dpasoling of raphihayls nsrma ib@f 138-274C
280- 525F
hydr ocar bonCB PO4E @%"ﬁzt g rfioh S BBty aRLETIRE el °F 7

napht hat$s punhmhggs bfﬂae v@Bousopraudt fladfitlts) reeortped intaryr@aticular of avail abl e

hydrocarbong,, refi ngr@ewsﬁ vary w191 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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15 point- ranges of the various product fractions recovered in any.

particular ~refinery will vary with such factors as the ghasasbess stics of
the crude oil source, refinery |ocal markets,.. product prices, etc.
Reference is made to AS TM standards D-975 and D-3699-83 for further _
details on kerosene and diesel fuel properties. 20 Second Separation Zone
Heavy fracti (ﬂﬁiﬁ(‘o:r) depiehding divthe specifid@quinarhents ©f thegurocess. Whittuarthgaboi 11 ng
in the 1lube 0il .range, unrecov fuel boi]in ran ent and
unreact ed oi Pingigdu oﬂﬂék}?/"\dfcéget“f P 9gmpe [PL 3 ?‘?HC‘?%E&Q%

separation zm.ae@na erdrﬁdldh Aine A0 aath aa\meg:amicésmﬁsqw@ewm%m&mdene or nore,

| ube. product(s) a, heay fractjon The s con fuel product 22.
i s typicall y™@R9%0 BP%'S £ ¥isep3ilise from 3 Yigeosity og?-r%gﬂf eued @t i cati ng

oi | produst i@ﬁ’@%ﬂfQﬁﬂgﬁt(siéck%ﬁ@@ﬁlﬁédsﬂyhﬁéaﬁlré@t hoore, peiwdlendigove about
550F(288C) or out 600F (316 C) or about 650F ((343 C% and bel owabout

1050F -10 8 m%@boﬂle(%@smjmdaéﬁfa%ﬁhigb%ﬁm'fe SR |9@"?@Hn| rements of
Lhe P ocess. gl afbo; of orshdihén b8 RIAPC Lol 1906} igha Typeay or or e
may ro one

t ube streans € second se aratlon each havi ng
a viscosity lgbe et:easds whmlmraaw\b@leeqouefgd trougly ine B4 includecblight negtralf r om a -

viscosity, of ) “having a
vi scosity, n%%é e %@srt&ﬁ?@%&heg%ﬁtand?% Me g@b@% i ndex of
~each | ub® prmdlﬂﬂf’()(\ﬂs)ccﬁttyheiweegémﬁtantiﬁ cfiteaheavyt rautrabbaving a go84: er t han 95,
and may beu 1 Qr r yRi. cal .l u r ' may be '
recovered th Wﬁ? gea%r%l} Pﬂ&gcgt%ﬁ%ﬁtbnﬂgﬁ?tgéﬁﬁgvﬁ%%hgl% 100C vi scosity
et ween 2 CSﬁso@@ Beta/Bbn 20cBEAd B0 ¢Btut ral , having ' 10 a 100C viscosity
between 5 ¢St and 8 c¢St, a heavy neutral having a 100C viscosity between 8
cSt and 20 cSt. and a br| ght stock having a 100C
Bottom fraction 26 is suitable for use as a lubricating oil product 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 product 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
EC

- 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.
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viscosity between 20cSt and 60 cSt. Bottomfraction 26 is suitable for use
as a lubricating oil product 28 or for 15 , passing to hydifeh268é Ng zone
36. through stream 32. Lubricating oil product 28 will generally boil at a
hi gher tenperature, and have a higher viscosity, than |ubricating oil
product 24. However, the.viscosity and the viscosity index wll generally

be in the s®neferradbpdrasrackinglcohditiond aregsuffidient tocrack aZtibsRAtidipdrtivar acker |
e bottom fyr n 26 i.s passed via stream 32 to

Feedst S | |
h)e/gr 20: ggrknl Hg{ﬁeﬂﬂ@%ﬁkgﬁfﬁ%ﬂﬁ%“ ‘?lp@é'(:'g‘ﬁdmﬂ'é'ﬁd‘? SFGWBE@@{reW%r conver si on

into fuel. Belowﬁauom@'i:(aubro)cmmersmds dVgeshisr thad abBit 8% upB passed as
conbi nati on with hydrocracker feedstream

~lubricating oil 25 stre
32 for pass&g@ %Oﬂ%gﬁ{ﬂq%jnpggmqﬁgrggﬁ@eggasq_hmq tagoplatgde /50 Conver si on

Hydr ocr agkepsdERatein; 6i0edsdon i &%EQ%Qﬁ the dhodntDF EQEhGIfg Akbveat al St i n
t he presence of hédro gen 38 in, hydrocracking zone 34 at conditions,

effective tE@f@eRFD alupR, Whjelh is convatted dusing Passagn theouah ther m a second
ffl t -40 ot
errluen reacdn %Mﬁ&{ﬁét@ans Réfiﬁg %rﬂlnEW@%Wﬁ@geﬁ?M ions are

sufficient to crack ti ortro ocracker feedstream
‘to product stenmelratn@ i/nsuitableederence tempanafure foethwwabmttmﬁ’%ﬁ@?l 0.
_Conversmns aher t han about 25% up to. conversions of 90% and

hi gher on a per pass basis are contenplated. ‘As 5 used herein, conversion
is a metsure of the anount of feed boiling above a reference tenperature,

whi ch is converted during passage t!hI‘OUﬂE.!I he reaction zone into products
havi ng a boi ling point belowt gon errperat ure. A suitable
Cpference tenperature for the.present process is - 650F(343 C. 10
Reaction zone conditions and hydrocracking catalysts useful in the second
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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Reaction conditions Reaction zone conditions and hydrocracki ng catal ysts
useful in the second reaction zone 34 may be the sane ag @&cHiobbgrent from:

‘those specified for the 15 hydroprocessing zone 6. Suitable reaction.

~conditions include a reaction tenperature between about. 250C and about
500C (4820-9320F), pressures fromabout 3.5 MPa to about 24.2 MPa :

- (500-3,500 psi), and-a feed rate (voLlataysts | /vol une catal yst per 20 hour)
fromabout 0.1 to about 20 W Hydrogen circul ation rates are generally in
the range from about 350 std liters H2/kg oil to 1780 std liters H2/kg oil
(2, 310- 11, 75Ths tatalyst partclos in thedtydperadkingrzehg 34Mnay be tiedsameaas,iarn )

t enper at ur es an from ghout 340C t bout .. 455C 4-851 F.). Preferred

total reacti 8|ﬁg¥?ﬂgggrar@§q}y§lﬁ%a Qgﬁagg@%&paﬁlcgew(ﬂ?l O%‘g&t 25 20.7 ' MPa

(1, 000- 3, 0O0hyaioprocdNsiny ddne Rr kiscepedtddNhagsvar aHabyibbeies bf theas been  found
t hat preferrecl roces c.oggi H{(ﬁ)ns 'GE,CI udecont ac{;@i ng. . a petrol eum feedstock
Wi th hydr‘oge?f’ﬁ&%‘é’ra”@%ﬁ'ﬁ & EKSTRErackind dPhe St wiltigfyathin the samegenetdlre of
about 13.8 Ma@\gé@a@b@ué of the’hydrsoradldnd S4tagOQfariRdes in the G9drobfcRkding ratio
bet ween about 379-909 std ljters H2lkgoil "(2,500-6,000 scf/bbl), @ LHSV 30

of between aB¥GE-0fBis; the hydrocragiingicatalypldpauserip therhydrecragling zepe 360C. to

427C (680-8 ; r%{:&ﬁn , ' ' in the .

hydr ocr acki g@pgﬁgsﬁﬂil ‘be the sgﬁé& g?}%gﬁéﬁ{?ﬁlgnt e%ﬂrtgljr‘nsﬁt he -

hydr ocr atki rejidessupppd imaiarialiag bingles Eheibratking compenéntanayinolude sinng zone 6.

-t is expect i | flhe .cat S articles in the

hydr ocr acki nag{?%'gﬁ%%gé&“?q B%P ?ﬁé\/}mﬂt% hlwr??? ﬁgmété‘nsgjc&eq?eﬂégﬁyé?g oéxges s those of
Qhe hydr ocr adkastaple ¥ttepe/seolipa rar adeatuminated eebliter ppnitablesimephaene 6. Thus,
Mhe hydrocracking cat al sé.f r _use in the hydrocracking zone 34 conprises

' < e

~a cracking 005% PRGN B8 on conponent on an 10 oxi de support
mat eri al -or binder. The cracki ng conponent may include an

15 . The hydrogenation component of the catalyst particles is selected from those
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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anor phous cracki ng conponent and/or a zeolite, such as a Y -type zeolite, -
an ditrastable Y type zeolite, or a dealurhinated zeol i tgaah 2004 abl e
anor phous cracki ng canponent is silica-alum na. 15, The hydrogenation
~conponent of the catalyst particles is selected fromthose elenents known
to provide catal ytic hydrogenation activity. At |east one netal conponent
sel ected fr onThéhydeocrapkiiy lchtalystpaiclbl bithisinyertionnray) be prepasd byf r om t he

G oup VI (1 UPAC Notatlo% | ements are erally chosen. Gioup.V elenents.
i ncl ude chr on?GRMNG"\A9G H'ﬁﬂﬁ'aﬂ? Vg ﬁ?ﬂj@?g atipr) nefgle with adinder nc| ude

iron, cobalt ,Emmet off,ultabﬁmmdf@rs liriwﬂietﬁmapélhhﬁih u,mysoﬁmoum titahiadi Um and
rogenatlon conponent (S) in:the catal yst '

pl ati num The anount
suitably rangBgnesia éﬁ%ﬁ‘? %“i‘% Bisirienceoiscopienig tihbise of dpming ag 11 ' net al
conponent (5) ﬁﬁdbrfOQf@r%Bﬁibbné%téhcﬁ% g@ﬁr@ﬁs% a@éerﬁ@ trgﬂtdr"at al

conponent (s), calcul ated as netal oxi parts t of total

- 25 catal yst ,taigidhe catglyshpartigins &tﬁé‘sd%v plg}lwtm eﬂb%b@@d@ﬂ C@flﬁéomg ht of
h | f h
the cata yStarQ%;é?{ Shapeti! élﬂ:'cril% by' g?%ﬂ tgrﬂegﬂf'ﬁdn 18(9(?%0&‘39@(?&: g the

- catal yst may I n the oxi a conbi nation
of at least di ﬂ@'@d}@atawst aﬁdlC@SG%tamawe qunaﬂymmtablwnetkmﬂs iobprepatrgnt  as.

proper use | Pl Byt HEHEES fitulod eiding bk hpSBLRE: one o
mor e conpdénersush aé byiextrasiondiying and ahiaininga fllownd bgrdepsnmﬁngtﬁmonents of
ol ybdenum a nast e mor e cofpone | ati num and/ or
pal I adi um d‘gﬁf%{‘%‘@‘o’h{%’%’m ecmd%&a nB Eﬂ kel and
(Séngsten pl ahpregnationd/ The wlyaqjaumle"sr EOntﬁi'ﬂ rfgltﬁé”h?ﬂt'oﬁeﬁéﬁfrﬁhé@% -13 8
rch 2006 The ragr& ‘%l yst particles o i s invention may be-
prepared by 2B ﬁBlﬁﬂf@’ 'eag‘"ﬁﬁﬁ g Prigeta yae asouf@laysbt hydrogenat i on
netals with a binder. Exanples of sw tabl e binders include silica, :

alum na, clays, zirconia, titania, magnesia and silica-alumna. Preference
i s gi ven1§o ‘the use-of alunmina d4ird Separation Zone

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




5 binder. O her conponents, -such as phosphorous, may be added as desired to
tailor the catalyst particles for a desired application. gifischlensied _
conponents are then shaped, such as by extrusion, dried and calcined to
produce the finished catalyst particles. Alternative, equally suitable
met hods of preparing the anorphous catal yst particles include preparing
oxi de bi nder paiié emuest 101r Sesdralish MYfir@ sEpaation zokk ¥2 NThe prbi&rddi Ni ng,

foll owed by deposjti ng t he hydrogenation netals _on the oxide particles,

usi ng met hods Cebfgips skbstapialy flosnateral bailingda the Wikticaling il garge, Leont aj ni ng t he
hydr ogenat i.onpalhghbboeve adut 706 faritdyer dried and calcined prior to use as
a catalyst. 15 . Third Separation Zone Hydrocracking zone 34 is preferably
operated at conditions to substantially convert hydrocracker feedstream
32 to fuelgproducts.. Second repgld BB ggoﬂgf.%%fnt 40 is passed to third
separation zone 42 for renoving the mddle 20 illate and |ighter
products from heavier fractions. Not shown in the Figure. are separation

zones, i ncl udjng.: Ji ' AL & het ween
the second r eg(@tgf'oérfe%g)ne 84&5%%%%%"?%% par%??%enéaégwgsﬁléﬁﬁ nded
primrily forobpiodueii48nglypianiiyghe lubndatingtail prodydtrecpaseesl infstroamt48awittf f | uent

stream Separgyf ] A2 .y, 8 .S} [ | ti.pl €.25 S e
distillation. ﬁ%%ﬁh G%E%%éb'r"g&/ﬁsﬁgsﬁ 'i%%g'h&?ﬁﬂ' p en"dg‘%"rslﬁmc’%'@?’% nprovi ng
separ at i ot0 eféipecteddy bein fhestegioned 2tdSit talalsmip A0aiSt aneasuned 42100°C) ates an
at nospheric stripper. .Such strippers ar ] kn , .and do nor require a
- ‘detail ed desc ?ﬁf&%ﬁﬂw' ?’?‘Ho'élgﬁgreﬂ’?gﬁdg%ﬁ%ah%ediém gﬁpﬁbﬁ%ﬁﬁé@ga recycl e
@iream 44, whickieti®s & lighas abbyr Bb@Rker than fuel range fractions; and an
30 overhead stream 46, having a boiling point in the. range of fuel
fractions.- An exanple recycle streamboils in a tenperature range
general | y abomgs, ilQRE b%&n@mc@é@a@@aﬁ%ﬁhﬁ%ﬁﬁﬁ -Bﬁ?ﬁ)(ﬁlt:f BIRPRIdS 1N 2
tenperature range generally bel ow 700F. Recycle”stream 44 is passed to
second r é&ct ifeam thﬁﬁ%@“@!ﬁ frpat 2 fiest Feaskipmeeneowdiiahda enaintaisgehal gonditians nbi ned

with first ! §8CrehNing ontaminants 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.

-15.




'8 March 2006 zone effluent 10 for separation in first separation zone 42.
The preferred - contains substantially no material boiling mamrhtobes -

| ubricating oil range, i.e. boiling above about 700F (371 C). Third

| ubricating oil product if desired, a portion of recycle stream 44 nmay be
recovered as third lubricating oil .product 48. Typically, the lubricating
oi | product resdmesed in stream48 will be a |ow viscosity, high viscosity
i ndex material. The viscosity would be 10 expected to be'in the region of 2
cSt to about 10 cSt, nmeasured at 100C, and. the viscosity index would be

expected to-bg Aﬁﬂﬁ@gré%preéé&,rfoﬁ;h%uﬁciﬁg}-lﬁotrﬁuéls a%e'rl@&ric_aﬁﬁq aﬁpﬂi'dg{stsas 130 or

above. Thus, in the present process, at |east one |ubricating oil product

i s recovered  1ffomasingle idegrated hydroaradidngsystens whiely pradupes bigh vields ch i s
mai nt ai neg at c&qﬁg h 418y fulls, WRIP M t Al dolihdlegslsyeam to the
reaction zone, an '#%r cr.agkf\ﬁg ﬂagﬂ?@@@sﬁéﬂéﬂﬁ?&%{#e nglﬂtnet ai ni ﬁg t he
flexibility forPrpdueipsopegties for diwe Jubscating @l progudisl tenoyeieddtonathe desi red

Vi scosity-and vj i l;gﬂ gf \, .W de range of possible values. Liquid
range products ‘#@génq‘%%t%%m[\l"i r th%esgécqs?%fh. 20 zone which are. not recovered
for use as lubricating oil products are hydrocracked in a second reaction

I A o i S

fuels, wi'thout the Tation of : VI T ubricating oil
properti 8- for preaialystdn pdydiprensssingmong avhichooay be operatécat eithee. 8 Mar ch

2006 CLAIMS.: F | r d Cl. N th fuels and
" lubricating oil é’?yé'ﬁﬂ{:éta?hggﬁo tﬁgc@rcﬁéﬁz:ﬁpél érbs?zg‘}[?‘g%l' 'jﬁf,’g?‘%@? a%tki ng system
CM{;H ch produces hiagindificas gffedivefto renadwerioyduiritiys Eordhined whihk deadsitadiaioni ng
f.

exibility. for ' the desired roguct properties for the
| ubricating oil ﬁ%@%ﬁ%‘%“&&gﬁ?@amﬂ%%&ﬁ@ y fiquid fraction; ©

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-




process, conprising the steps of. a. contacting a |liquid hydrocarbon
feedstock with hydrogen over a first 10- catalyst in a seproo®ssi ng
zone whi ch may be operated at either hydrotreating or hydrocracking _
conditions; which is operated at conditions effective to renove inpurities
contained in. the feedstock, to yield a first effluent containing a

- normal Iy | i quj.dTtie motdseaccatdindto R AT Bivit@rdin &t 1883t BWbHivn bf e bBtdm act i on
fromthe first effluent by boiling point range to yield at |east a first
lubricating oi | fraftien iz tecoyered asta sagend lybrigating olbpr@dtctoot t om fracti on; c.
contacting at least a portion of the bottomfraction with a second 20
catal yst in a hydrocracki ng zone operated at conditions effective to -
hydr ocrack t e Tyimpr@ﬁessrmrdimg ta Glaiph 8ifurtherprediinga seeandtfiekprodegar at i ng
the second effluent by boiling.point range to yield an- overhead stream and
a recycle stream and 25 e. recycling-the recycle streamto the
hydr ocr acki n§. Abrerocgss &iserdingde eldien hotdwhienein somedif fierfirst lubineatimgreilt he fi r st

Cepar ot on rondraes B ARRAE R IREh RS fo o E Sl dpd e D) °

- fraction. "3. Titke hydroaaskiageoneli ng to Claim2 wherein the heavy fraction is
~separated. in a vacuum separation zone to yield the first |ubricating. oil
product and the bottomfraction. -16 8 March 2006 C. 5 4. The process

accor di ngp t 07 cThePrdceds aderifigad Claiin 1 fhsfeitheairst I0Bricting BR Rl B
fraction is recovered as a_second lubricating oil product." 5. The process
according to CﬂﬁFYﬁ%‘ﬁ‘?’mﬂi‘%@'ﬁt%‘ﬂ%ﬂ(ﬂ"W@ a second fuel - product.

T 8. The process according to claim 1, 3 or 7 wherein the first
%ubricating' ol product has a viscosity, measured at 100°C befween 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-




6. The process according to claiml| or 3 wherein sone of the first
“lubricating oil product is conbined with the bottom fragigenb0oos
contacting the catalyst in the hydrocracking zone. 10 7. The process
according to Claim1 wherein the first lubricating oil product is derived
fromthe first effluent only. 15 8. The process according, to claijml1, 3 or
7 wherein the4 Aﬁﬁtégratéﬂ%rb@@éslfBQp@Hhciﬁ%%ﬂﬁﬁnel&%dﬂuMic&ﬁﬁébﬂ prodiegsur ed- at
.1000C bet ween about ¢St and about 60 cSt, and-a vi scqsi t¥‘ i ndex of
greater than 90org a sipgle jntegrated @Wﬂ?’ﬂ'@?ﬁt@‘awwacﬁﬁéﬂﬁ E§tePSecond
“lubricating oilgqproduct has a viscosity, neasured at 100C between about 2
cSt and about 60 cSt, and a viscosity index of greater than 90. 20 10. The
process according to Caiml wherein the overhead streamboils in a

Lermer atuge T angecthigtysa W Bfah RS AT RSl B anoe. 11

The process accor d ere i qui
feedstock is a vacalalys@asa hydropr&@essﬂgazqneowm reayche dpergtedat@ithem 1 wherein

the |iquid hydrocayr e | S [ 3[ 0 m a Fi scher
Tropsch process. W@@?a‘tﬂ%e&g\&g@ggi&‘ﬁ‘?c@@“@ﬁéwag‘df?% aq%%ﬁlte'gﬁplz wherein: the
| i qui d -hydr ocar boconditied Hffectivel t6 ramox ichpuritiea cbhiaiitiadrin Tedfpeddtogh, teess, the
wax having a boil. ojnt. of qreater than ut -17~.8 March 2006
14. An int egrated w?@%e@?{ %P ﬁ@m’%amf'ﬂa[ﬁa kdf%‘fg‘of'tﬁﬂqu% oi |
productsiofroma ﬁuembeummmgatmdnﬁvﬂbmg pskt Bdlow\id ARmabbbilifig conpri ses.

the steps of: 5 a.. contagtin UI dh carbon feedstock wth hydrogen.
over a first cat%‘?’?‘s‘{fthﬁ’]!"&"qllgl‘iﬁB §‘%‘-’rqé cgone whi ch-nay be oper at ed

| Gg-ei t her

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. '

-18.




. streamto the hy t OSHPS ?,{b%xof

hydrotreating or .hydr ocr.acking conditions, and is operated at conditions
effective to rempve inpurities contained in the feedstocl, Mér@h ool d a
first effluent containing a normally liquid fraction, conprising a 10 -
fuel product having a normal boiling point below the normal boiling point
of the liquid hydrocarbon. feedstock; b. separating the first effluent from
‘the hydr opr oc e The poaess accoading o @Imphdrfu:thermmismgrremmng atlegelal a
first fuel product, and fraction epar at i ng the heavy
fraction i n'a vedelti CcfePoRb radnn o8 soend fprSalR ettt b oquct, a
first lubricating oil-product and a bottomfraction; 20 d. conbining at
| east aportlo f the first catl i roduct with the bottom
“fraction to vyi gfﬁ"eaerW%%‘chﬁq{'ég Pofé pg‘é‘meré’O“IPé'ﬁ'ﬂgé?‘?QYﬁnf‘%@t g9tk cr acker -
feedstreampwi t h ;?orﬁ&?@ﬂﬂe?@dy%le%‘-tfeahﬂa@a tiPILBAcRk ol Praduee operat ed at

conditions effective to hydrocrack the 25 hydrocracker feedstreamto yield
a second effluent; f. separating the second effluent to yield an overhead -

stream and 2 1eeRkehBosld RABIIANS Glind 14 wheREh Bid frof INEreiiRD bR fbdiof cam i th

the first effluent or separation in the atnospheric sepalation zone. 15.

‘The process achmySQQﬁﬂﬂl'aeaﬁtmd altadie: betwegniaboulg2 c%tmﬂatngltﬁﬂe recycl e
2006 16. The process according

to Caim14 further corrprl SI g recoégeﬁi%%méﬁg east' a portion of the bottom

fraction 38 a second lubricating oil product.. 17. The pr ocess according to

Claim 14 furthQgr co ris overli S f the recycle .
stream as a tR ??SC%FF&H g Flamﬂ%w@qremi@eseﬁﬁ%d@g %%0' ccording to -
@eal m 14 wher ei rprédt&:t fibg atvlsboéffyl pekbmgdeit 00T diedleerhaloub 2\6Stans i t Y,

asured at. 100CbouP &} Cs tan g?ﬂ%&:osrty :r%ex (r)]fd gre&erﬂlan%%.

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.

9.




cSt, and a Vi scosHy |ndex of great er than 90 10 19 The process accor di ng

to cI aim 16 wherein the second |ubricating oil product l3aareh vOSEOSI t Y,
nmeasured at 100C, between about 2 ¢St and about 60 cSt, and a viscosity
i ndex of .greater than 90. ‘15 20. The g ocess _accordi ng to claim 17 wherein

D g o A R mdpo A s AUk 2 100C

i¥5° 5B ex above about
100. 8 March 2006 PROCESS Ags VM%%ND LUBES IN A SINGLE
| NTEGRATED HYDROCRACKI NG SYSTE CLOSURE An integrated
distillate hydrocracking process produces one or nore fuel products and

one or nore AdRge é@@%&ﬁatﬁ cﬂ:rédk'ir@tprﬁt@&% rg&c%tls%gcgorﬁ? ¥¥lt|e§ fractions .

fromthe first sta e, e not recover d as € pro are
cracked to fRieducts ﬁ"‘aoﬂ%@bmf@’ @é@mr@iu@fag’eaﬂmlrsaq:trmeswgmrﬁem nt ended to

N de vi SoaricibRE e tistErapl RER ardi R ey B Pad S Bedisssar .eoﬁ”?oah. o
yi el ds. of mrqtkequtafueﬂaymf&mwnd Feapdion sfage Thls mventron is intended to
" provide a full range of lube streams, over a wide viscosity range and a wide
' ‘wscoszty index range, from a fuels hydrocracker, in addition to high yields of
- high quality fuels.

Figure 1
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