- 1- HYDROCRACKI NG PROCESS SELECTI VE FOR | MPROVED DI STI LLATE AND
| MPROVED LUBE YI ELD A- ND PROPERTI E FI ELD OF THE | NVENTI ON 100011Thi s
i nventi orwoebetmsa’6s0 a process invol ving hydrocracki ng eCtast@adsi4ream in
whi ch a converted fraction can exhibit relatively high distillate product
yi el ds and maintained or inproved distillate fuel properties, while an
unconverted fraction can exhibit inproved properties particularly useful in
the |l ubricant area. BACKGROUND OF THE | NVENTI ON 100021Hydr ocr acki ng of
relatively high boiling point hydrocarbons, such as atnospheric and vacuum
gasoi | cuts fromd¥ROORACKHIS (gEREFITS/SHoheTHoE e PROWAEPt ed product
havi ng a nore udHBUILIATEIAGDAMEROVE® LUOSE YiEIdarm Nie P(atdobhitant |y used in
any one or nore of a variety' of fuels, such as naphtha (notor gasoline),
jet fuel, kerosene, diesel, and the like. Usually, however, the
hydrocracki ng reaction is run at relatively |ow severity or relatively | ow
hydrocracki@@Efﬁqy§ﬁ§ﬁpﬁwv§ﬁq§@@g t he hi gher boiling point hydrocarbons are
not cracked=too nuch;~as hrgher—conversi ons typically generate increasing
gquantities of material boiling in the ranges bel ow napht ha, which | ow
boiling material tends not to be as commercially useful as the fuel
conposi t i on$¢¢¥EH003 dAduing pefial 1elates tew rEeive HYyPbneae Bydecieeldys obahi nd hi gher
guantities of.duiaher, balhing Lange,hydrocarbons Hiatacapaokge.psed as
fuel's and that tend to have poor properties for use in suc apﬁflcatlons as
| ubri cants, pyidubowtich Uhd RRANtSINGALF @Bl PHRCRAS FRT psdRAS:s, Bulihast eps can
add conplexity and cost to dealing with s-uch otherw se -unusabl e hi gher
boi | i ng r angBcdyaret Gpeonscangrlibiprirenyas prepriicasrdoR iy usdrl igdeh
hydrocarbon§t§%nm9£&§r relatively marginal return on investnent.
100041Indeedf here dre many patent publications that disclose
hydr ocr acki ng processes for attaining good fuels properties, and al so for
attai ni ng good tubes properties. A non-exclusive |ist of such publications
i ncl udes, f SALKERSNENDIDETIELIEVENNGEN 5 282, 958, 5,953, 414, 6, 413, 412,
6, 652, 735, 6,723,889, 7,077,948, 7,261,805, and 7,300,900, U S. Patent
Application Publication Nos. 2003/0085154, 2004/0050753, 2004/0118744, and
2009/ 016625¢¢0mand Ew@peanciPas enteldosly KgBA9i189GoanthyBralt4dod§ buch as
100051Nevert hel ess, it would be desirable to find a process in which a
hi gher boi | BFgespsit k) egsar ol culibdivrasiuge plciiurngalpipne wdipe
hydr opr oces (hydrocr ac Jto all neficial use.of the converted
portion in ?ﬁ%ﬁ%gé%%%oéfggﬁﬁédgﬁﬁgg%ﬁﬁvgg%ﬁ%ﬁ%ﬁﬁs‘ﬁﬁg‘ﬁ@?éﬁ use of the
unconver t ed ptdadinisdritlyl ustd @2480ncRATthéroRf bV atitihrdfeadt, saomposighitens.  COf
particular interest are processes in Wich the yield of nore val uabl e
fuel s, such{astaigeydinchticttihplskyyorde, digyh e th@kiém' Yeglyhhougierhbgher
hydrocr acki g 3k Lo i QUL SAGIAT L) Q&reﬁ%ﬁ‘ﬁ’ Jeia%%elgffm&zhe unconvert ed
e appl uc

hydr ocar bons“for o r-val'uabl'e Fcations, s as lubrrcants. The
processes ohyéiherpkegenhvdrMeanid @ e tighet ahilied pbek BlMbeddWAs are not

cracked too much, as higher conversious typically generate increasing quantities
of material boiling 0 the ranges below naphtha, which low boiling material tends

not o be as commercially useful as the fuel compositions.

10063} Additionally, low conversions also leave behind higher guantities of
higher boiling range hydrocarbons that cannot be used as fuels and that tend to
have poor propertics for use in such applications as fubricants, without further
significant processing steps. Such sieps can add complexity and cost to dealing

with such otherwise unusable higher boiling range hydrocarbous, and options



SUMVARY OF THE | NVENTI ON 1000610ne aspect of this invention relates to a
process for hydroprocessing a heavy feed, such as a vacuum gasoil (VQ0)
feed, thawocare/iserésel ective for distillate boiling rang@eCtamse@niosd’epr oduct s
and vyi el di ng unconverted products useful as lubricants. Such an inventive
process can conprise: (a) hydrotreating a vacuum gasoil feedstream having a
sul fur content of at |east about 1000 wppm and a nitrogen content of at

| east about 200 wppm wi th a hydrogen-containing treat gas streamin the
presence of a hydrotreatin{.1 catalyst under effective hydrotreating

condi ti ons sl sraskmghpdretriasdrad ipre dere pifo(sjativyidroegaek g ntdre
hydrotreated product in a first hydrocracking stage with a
hydrogen-coﬁpéﬁﬁ%ﬁ@ treat gas streamin the presence of a first
hydr ocr aeki ng catal yst system under effective hydrocracking conditions
sufficient to attain a conversion |evel of not nore than 50% so as to form
a first hydi@iddckednddvydibeta @atedyputduptblicetposépatiativssg the first

hydrocracked, .hydrotreated product .into a.first converted product. having a
o1 no- ande e R oSS B 0 bt iefe ey SRy SR AR TP REURESY | o

product haviggd aibobidpEick ARG 10f cabaituhlO&idakeuidl/4E) , the
first converted product having one or nore of a cetane nunber of at | east

40 (for exanmpiwplcat N Fapnt 8y, 5, B ENoke.PoiHt, of 1 5t 11.6a612, 19, ML3I&EE. a

havi ng & ni CRBGSA T oR R Gr ot g Lot et Thh bt o BEEMEHISS Sur'tur

content of nobs/goeaAtar2¢iiamsabesit2(8aQ WP, abdk oty draRBachkid b i@l | 1 st
unconverted product in a second hydrocracking stage with a

Fl ydr ogen- c&nateal Wond 44%%6 4pdd 5t &Fm in the presence of a two-stage

hydr ocracki ng catal yst system under effective hydrocracking conditions
sufficient to attain a conversion |evel of greater than 55% so as to form
a second hygm;s@ eat ethvcRudec iracked bpuedustc toand { @hcsepanatdngnihg second
hydr ot r eat ed, hydrocracked product into a second converted product having a
boi | i ng r angeilmgxiomiiydfocathout suzbeF a(vapoue 2301k ) bndydiosieeoned unconvert ed

product having, a bai l.ing .range m nimum.of about 700F. (abaut 371"C), the
R econg comitsdraristh it B0 e Mt T by S08% el PRk IR b r of &t I'east
40 (for exagBhBosiBbnd 8RS rdBIneods!S WK IRAINAE oPfhedlnch®ashd I8ummi(for exanpl e

at |east 20 , and a sul fur content of not greater than 20 wpm (for
exanpl e, notregicehpastion hakbiligaripprapositines. Setprtcuacohivest tedppeoderct havi ng

f. . SGOSLLY i . at | t..80 g int of | th
A N AL

at least 1 eokikf08 te¥aimPhighedlyd@asdkide BubotslonsAdVRNt aaePusly, the
t wo- st age hydrocracki ng catal yst system can conprise (i) a USY catal yst

cont ai ni ng pkatiimuntamdiconvpd adiensrbond {¢l ehoravarsiiu@ diaaadngstucgeat ai ni ng
platinun1ang/qr,§glL%diung,w-4w-710097}.AQ%Lhen7§%p%g hQL, his invention
relates nor & BIBAA1 y < PEEFF SEEET TP Ky dr Spr e &S h‘é A"WeaVW feed, such
as a vacuumgasoil (VGO feed, that can be selective for distillate boiling
range converted products and yi el di ng unconverted products useful as

| ubri cant s. SSidhARYi(hy &HE Y PINOHaYs can conprise: (i) providing a vacuum
gasoit feedstream having a nitrogen content of not greater than about 50
-wpm and a sul fur content of not greater than about 300 -wppm (i)

hydr ocr acki nendspe vasihaas@idis iRedstd Ramd @ BBEeh f6&aRRTb&Rsing a
hydrocracking stage with a. hydrogen-containing treat gas streamin the
presence of heatwigcstsageacavalyst oy Emibridet. teficee b vecdipdriocr acki ng

conditions sufficient to attain a,conversion.level of greater than 55% so
2e Lo form DyaFEMaacdalhr Shbe SERIT AT A i hatim e ERR Syt ocr acked
product i nt Qs@uCANUBRERE. PLRUWE N NAYIND Grdtc ROl e R B0 81 IR ImI R 5 about
700F (about 371C) and an unconverted froduct having a boiling range m ni mum
of about 700F{uabpareiid7aE)camheviegmveritedopediet cheivibng BWE varpreore of a

cetane nunber ,of .at |east 40.(for. exa at | east 45), a snmpke point of at
enar 16" mitd et EeshSpaiener St BRI v ShmaF b Pl BsRERI DT not
greater thage20: MR Qherai¥RtEof DREAIHEALG catdh R ndder cTiébRF) , the
unconverted product having one or nore of a viscosity index of at |east 80,
a pour point of less than 5C (for exanple less than 0"C), and a kinematic
viscosity at about 100"C of at least 1 cSt (for exanple, at least | 5 cSt).
Agai n advant ageously, the two-stage catal yst system can conprise (i) a USY
catal yst containing platinum andlor palladiumand (ii) a ZSM 48 cat al yst
cont ai ni ng plati num andl or palladium 100081ln this latter aspect of the

i nvention, the vacuum g, asoil feed.stream according to step (i) can
typically have a nitrogen content of not greater than about 50 wppm and a

g L, e N o ~ N~




DETAI LED DESCRI PTI ON OF THE EMBODI MENTS 10010] Advant ageously, the
feedstream entering the high-conversion hydrocracking stage or the second
hydr ocr ackOngr2aseme, whet her that be the first unconver Ped/yse@dosi47or t he
vacuum gasoi |l feedstreamin the various aspects of the invention, can have
a nitrogen content of not greater than about 50 wppm (for exanple not
greater than about 40 wppm not gréater than about 30 wppm not greater

t han about 25 wppm not greater than about 20 wppm not greater than about
15 wpopm or not greater than about 10 wppm and/or a sulfur content of not
great er t hahyalsbartiRs@gpms (¢ brmexhrprhesatpbprogreattehytinamckiboube 200

v,ippm not, greater than about 15 pm.not greater, than about 125 wppm
ot "gr eat or RS CABBAI 0 Wppt Mioe arane Srer AR UBbu A Re AR Enor
greater thameabout 88n WP pr&enRobf Qﬁ%@h%m&ﬁ@ﬁn?!%Qtlélysa@sw Mhder
100111Additionally or alternately, the hydrocracking conditions in the

hi gh- converBrdniducordadiyml ouddaios ngiisiagee etmn beogulfipeiwnt ofmtattain a
conversion | evel, of..at |east.about 60% fbr. exanple at.|least about 65% at
enst about "ehedoPeaset R it k! Pirorassd BB R Bbue R B0 about
85% or at keasiiabeytirQ0%Rivdktickhehyadtichi-anabdi: Bito akkariatetas, the

hydr ocracking conditions in the hi ghconver si on/ second hydrocracki ng stage
can be suf f petdent htvonga baiting sareenversiiono] @wel 7@ F iotowdr £ adisut  99%

for exanple not nore than .about 97% not nore than abg 5% not nore than
about 00% BTGNS piod OB e R eraT BT AR aBOT oao b8l ot ror e
than about Z3%C)Stdeldrof bl Besd pddidiianablane OF naid 8F NakiBlYnuhb® of at
hydrocracki ng conditions in the high-conversion/second hydrocracki ng stage
can be suff iagieHt (foocxanie.mt lagiohiver siolre paved! 4 fom Hboa, aB8%stbunabout 99%
for exanple‘froqy%bogg_5g}bpo,gpqut %,%berOQ]apout,GQ%@;ﬁ about 95% or
from about 6095t dBbEIEORV AL TEE REF & AP YRE FEPRUELAVE ST on | evel , "

wi th referenagdef cankeedsis eamb et toyds PehHasked o sulRabsSutharmel ative
anount of change in boiling point of the individual nolecules in the

f eedst r eam Bragpar dhpnvabor0OE ¢BFRICdthydrRor (@ Clird unbehened Conver isicon | evel

can be neasured .by .any . Orpq;i@ e peans_and, for a feedstreamwhose

i mum bor Frnge e 1B RS SR T sy Rl SR TGROTUR "t re

aver age propafitiQmQfwiaheld Bldrddhalkilas Pagsedetniuabrrtdighydr ocr acki ng
process and has a boiling point less than or equal to 700.0F (371.1"C),
conpar ed t ohvisctagkial canditings ofitibedt worttaskedonvatseri abel of GOk Adei ti onal | y
or alternatelky, the converted product from.'he high- .conversion/second

nydr oor acki 18 sthgs Saacnr e G PR B P R Rhe™ Tor owanl e
at | east 50:&far@ting t8ASicoBd hyaR@lotd b caPRIERE 118 1 Rlondeat&tedt han 10
wppm for exanple not greater than about 8 wppm not greater than about 7
wppm not gresiier havivana hbiboe régeppiimgm giotbogr €4 Er(ahdvan 7 Aounds wppm

Cet ane nunber_ can be neasure ccor di to _any appropri-ate surenment ,

o g ASTM DS IOy RGP BRI oh Paibe R o ERe ahE BTt ed pr oduct
from the hi ghroueonvernsieRéaeaentdvwdrRshatkiigy shagemeaoxidit a
viscosity index of at |east 80, for exanple at |east 90, at |east 95, at

| east 100, atvbeasiatl@s! 4atfor eustpler0 loagt 4Tjeasmolla eingef 4téemst 14207 at | east
125, at least 130, .at |easy, 135, or at.l|east 140. Further ditionally or
2l ter nat ely (% ROTREGAUERT Sd R otitet ¥ PR T LdbRaMT Sreansefon

hydr ocr acki g sta8fcCaR gexiidhin & Wp?ﬁ@,&h& Yedond@xcafvenel paydat @ividdhan 175,
for exanple not greater than 165, not greater than 160, not greater than
155, not gr eat er mphadl ABEsosHptndpRedoe icasiidh a pas: paiot ofgesdhar SHhdm 140, not

greater than 135, not.greater than 130, not greater thap 125, or t
oreater thatd3ge- 8 ot S Erndaa et ds 1S oo SABhntREr ke nver t ed
product fromg bearsgeondéft gBcRy eLSi-am By Reraski-NeShad6ceangxhi bit a
viscosity index between 80 and 140, for exanple between 80 a nd 120,

bet ween 95 &nidlysugystoot casetonerscdb adady £261ys1 coXanAgd eiBwakng/oor
alternately, the uncqnvert.g oduct fromthe, hi gh- conversion/second
nyar ocr ack) e ulaSE T PLeRMRE SR GaT Bt e PP PR B o et o
| ess than 0C, |less than -5C, less than -10C, or |less than -15C Further
additionally or alternately, the unconverted product fromthe
second/ hi ghconver si on hydrocracki ng stage nmay exhibit a pour point of
greater than -55C for exanple greater than -50C, greater than -45C,
greater than -40C, greater than -35C, greater than -30C greater than -25C,
or greater than -20C. 100151Additionally or alternately, the unconverted
product fromthe high-



conver si on/ second hydrocracki ng stage can exhibit a kinematic viscosity at
about 100C of at least 1 cSt, for exanple at least 1.5 cSt, at least 2 cSt,
at | east WoeBt2/0501651 east 4 cSt, at least 5 cSt, at | easPChH/USHAL/051470 east 7
cSt, or at least 8 cSt. Further additionally or alternately, the
unconverted product fromthe second/high- - 8 - conversion hydrocracking
stage can exhibit a kinematic viscosity at about 100C of not nore than 15
cSt, for exanple not nore than 12 cSt, not nore than 10 cSt, not nore than
9 cSt, not nore than 8 cSt, not nore than 7 c¢cSt, not nore than 6 cSt, not
nmore than 5[¥87] or Aothaeseed haligingSitionOBAG Inekdirdaiald ypceslfver nat el y,
the two-stage.catalyst system of the high- conversi, second, hydr ocracki ng
Stage can conprrieetinthEh Tdeb Akt | M SR PR T IS o oF &
USY cat al yskeibaaded: Wstiflad hemmabotte QnleMédpibanabart vBidnMidbdkficexanpl e
fromabout 0.2 wt%to about 2.0 % fromabout 0.3 W% to about 1.5 w %
or from abogted®e® ustSd polubboutts. 1Secharoinvpitarimonss basedmoret k8 wei ght  of

t he USY catq%x;% _and a ZSN}%%xqgﬁa[%%tqu@dedamjth‘fr%n%aboqup.l Ww%to
about 3.0 wP83'({'5F “eXENPITE TV o GBSIT 6V I it 95 PE-hpBlT 2! 6°WE98 ™t r om about
0.3 W% to ahoUlbodt £ Wpbandla iR ARQULI QoBeh 1RnaBEWL 30D Dok 1)

pl ati num based on the weight of the ZSM 48 cat al yst. 100171Addit|onally or
al t er nat el y hydiseragatugl s vamionyt ghsed ifgpdehiennt wos Bigdgeneasanyydieystem of t he
high-convers@qn/%%qqngqderpcnackLQ%isga%e,pan ﬁO@PFiSQ,GfVQLUﬂE rati o of
USY cat al yst£d “ZEN B8 S A YET VB S aoat “4 79" ' BSUEe 8' 1M1 5 Eexanpl e
from about Liddikosyahodtinder btrcbihamyabawtcidadodr@itahauliriidat «f iemabout 1:4 to
about 4:1, fromabout 1:3 to about 3:1, fromabout 1:2 to about 2:1, from
about 1:2 tecaseien &vel of groveaten s %s 2o potodbonte pdigerdakedpabipat a2d 2 to
about 5:1, fromabout 1:2 to about 4:1, .fromabout, 1:2 to about 3:1, from
Sbout 1 3"t anBE e FdedeBitroog ot kot e BB 11 o
about 3:1, hHopmealotmdiihubooahut 780°F, (a8ulirorrabeul dhicdut®egbout 51 1. I'n
the catalyst mXxture in the two-stage catalyst systemof the

hi gh- conver stahitshson: hyidng craekinngrerag ebopth@0UShout ATy§D. thad t he ZSM 48

catalyst: may be effectively mxed together sq that the ty at al ysts
essentially('_H $%§§“ibLF”@K@“ﬁi%@ﬁ°§%3d@F&W§¢”ﬁ ¢ Pé%ﬁ%%@g?ﬁﬁ% separat e
stages in wakghnia «substantd ahby MY Gal alavsty shager Hoklons: the 20
substantial ly M 48 catal yst stage, or vice versa; may be disposed into
separ at ed staEykesndl a suhiictenéenUsYaet arbrt¢d then 20 mowe tihagrabluolovewsyy cat al yst

stage follo ZoM48-rich (i.e. . nore.than 50 vol % ZSM 48) .cat al yst

stage, or viee VAP fllp Sl LT R 22ekRpl SRR AR« ne
USY cat al ysiof andadi B8, Z8M4Biaal sy Stand e (MhxSdniph: RPPMaxor@t ehyaa 50/ 50
rati o by volume; may be m xed and disposed in a continuous or intermttent
gradi ent fr&meaaisyiscpsty dabaty it sragelond lafBfo8xaply. eideat yStc®t age; may
conprise multiple stages that are all USY-rich or all ZSM-48.ri.ch; or the
ke or (¢ o Rt R BRE ehal s e BB it HaIy 2eel ol V& Lo nat  ons

t hereof 100%&4Mki &biﬁ@g@rﬁ%ait&ugxhﬁidé&\{wi@&@bmm mgationes henejnabove, the
unit cell size and/or the silicon-to-alumnum(Si/Al) ratio of the
cat al yst, prporining pddiunendef pamgitroaded netal (s), can be inportant.

Advant ageously, the USY catal yst can have a unit cell size of about 24.30 A
or less, for exanple about 24.27 A or less or about 24.25 A or |ess, and/or
the USN cat aboust cann @y u@n aicbA¥ thatd@nGdn, dhe 1828k 2ROV &S wcduor exanpl e
at | east about 70, at |east about 90, at |east about 100, at |east about
110, at | eastcuadiogto 920 () ean HiridaaduvaboiteogepBontept ¢fondleieptaltayr an Si/ Al

rati o of not r-8 than about .1000. for exanpl e, not, t han abqut 750, not
ror et han aBRUE B0 AT o ST Rl Bouet B Rt “HOP B0 HARPLER 300, not
nore than akauin b oiPholRh: ofRNLib@Ry ababl o200 oillR0ds 1] @r enbodi nent,
the effective hydrocracking conditions of the bi 1- conversionlsecond

hydr ocr acki sgpbetiagpet.chnveswpr isell denslsbrampeerding tasiapigleen bv&ragé bed

t enperature, WABT), from about 5p50F, (about 288C) to abou 0O0F (apouyt 427" C);
LTotar probbur prbaREed 58 Bur g ohba e e e o Rulsey 3o per o
(about 20. 7 1MRaghpnf 911 £X8GREHECIHOMAROMEst 0S:IDOGy (AP O AaBidRag) to
about 2000 psig (about 13.8 MPag); an LHSV from about 0.1 hr-1 to about 20
hr-1, for exanple fromabout 0.2 hr-1 to about 10 hr-1; and a hydrogen
treat gas rate from about 500 scf[bbi (about 85 NnB/nB) to about 10000
scf/bbl (about 1700 NnB/nB), for exanple from about 750 scf/bbl (about 130
N8/ nB) to about 7000 scf/bbl (about 1200 Nin3lm or from about 1000
scf/bbl (about 170 NnB/nB) to about 5000 scfl bbl (about 850 NnB/nB).



-10- 100201 Advant ageously, the distillate yield fromthe hydrocracking
step can be desirably relatively high. For instance, the converted product
from t he Woghrasomssi on/ second hydr ocracki ng stage can RaYasa01yiosdddo of
material boiling in the range between 350F (177C) and 700F (371C) of at
least 30 wt% for exanple at |least 35 wt% at least 40 w% or at |east 45
wt % based on the total weight of the converted product fromthe

hi gh- conver si on/ second hydrocrackin.g stage. Additionally or alternately,
the distillate yield fromthe h. Kdroprocessrng steps can advant ageously be
rel ativel y kighinipiredt get sinwen intthe puosicnd i hyrrofeating ceehyvieytdsd pr oduct

fromthe hi conver.si.on/.seco r the converted
o oduct f T on R R R S o g iR RSBt G oo Toet i vely
have a yi el dy@focrRl@LiIR h@ﬁbirbﬂ@d p@dﬁ&an}q&ag@n@%ﬁm@&@&& dhgChviand 700F
(371C) of at least 40 wt% for exanple at |east 45 W% at |east 50 wt% at

| east 55 wt %WhydtogeeastiaBingwroat zas stramsin ﬁesmrtb@@woqri apelivgsty 70 w % based
on the conbi conyer

el e o R el b i IR B PR Dt B o eibihn®

hydr ocr acki pgngtiages:fidoad akhin LR MRNES: OF nbh@oldN¥ensH@Nsd & whi ch there
is a hydrotreating step, the vacuum gasoit feedstream or t he crude oi
portion fed e @ptchieuh@rdrfwmactqkn@ rsﬁepie@mqi md@mtsa@e{tﬁwbwemrrm t a sul fur

content of at | east out 10 east abo 2000 wppm
2| east abdti 5056 BeOHi R BT Bt S BBe S B SR 1838 bou 5060

wppm  at | e?«&{du@b}%ﬁlﬁngég&i Fr)ﬁi cahadigast out 7&BOQaY BPM alndl,east about
15000 , "vppm at |east abou 000 wppm at |east about 25000 pm at

| east about rﬂe@moaiwrﬁﬁvﬂm’?@ﬁ@a@im ab@utig 35@@@5\@% mawrratn dedeut EW6Lt 40000

wppm and/ or e ast a ) exanpl e at
'Ebar about @M aehET T SRR Bk oS R AR TR ORT b0 vppm at
| east about rr&obrwgﬁu@rmkeaﬁjr@@%»AQQ&% svm&meceguéleasrq@;bgyt@gléoo wppm
at | east about 200 m at |east about 2500 I ppm at |'east about 3000
wppm at | eastlogbicue ?m@ﬁi’ U@Wﬁ!md redsdt nabrem(dm weeil pp e fordsaicateast
about 6000 ﬁ@% H i%%,ln enbo@rn&g}s of the invention in which
there is a Fdf%%%ﬁ W%P%f“ ! ?%ﬁf%&%?S% ating catal yst can conprise any
sui tabl e hydrotreatrng catalyst, e.g., a catalyst conprising at |east one
Goup VIII netal (for exanple selected fromN , Co, and a conbination

t her eof ) and@®?]| eaétr @ehe Epoup! \Ht‘Bnmﬁ@n t(nﬁérrgrewarngrﬂearsieﬂ‘ee@e@fr\r om M, W
and a conbrnatron €0 @4 ngf ! € n%‘ ; ﬁ e support and/ or
filler materi: ?‘*%% “&% S PS4 “mﬁ%—é”% P a{“‘f?% i ST Ebnia, or a.
conbi nati on dm@r@@tamﬂmgcammr digakiaRgihe atral atprace ok }m@ir@@a@m@gct s of
this invention can be a bulk catalyst or a supported catal yst. Techni ques

| br produci Rggsupported catal ysts are well known in the art. Techni ques |br
produci ng bul k nmetal catal yst particles are known and have been previously
described, for exanple in U S. Patent No. 6,162,350, which is hereby

i ncor por at eghibyay efrepenea i pBubk (el eotrabyBHERARt i cl es can be made via
nmet hods where all of the nmetal catalyst precursors are in solution, or via
met hods where at | east one of the precursors is in at |east partly insolid

form optio I but, preferably 0 r one of the

precur sor s E@ S¥ ovi d&d28¥ ““‘r‘*r? e %scéjgﬁ‘tca%c ‘?‘Eﬂ%a’[g érgg\/‘r‘%ﬁr‘“ﬁ’améﬁ net al
precursor ahyvh@astkRarltdey o thesRbbsh ﬁﬁrmiﬁﬁﬂn?@taa@m}%‘ﬁﬁﬁ thdtOF texanpl e, by
providing a Sol ution of the metal precursor hat ‘al so i ncl udes sol id and/ or
pr eci pi t at egnemtvarted pr Otdnet wehuvignm gseh fesslsie rﬁm rrethﬁ:orrmrryr aspagipehtisd
particles. ustraglon sul ; bl e drotreating
Patalyst s b ABbedpoas RrbRe orndRa oft et B ahp Nl EnTEe Gos

6, 162, 350, Bx299c H00grcBicEBRnT80ut £ 7 %@319@& 5rB%8BaB6Rut 60868031

6, 929, 738, 7,229, 548 7,288,182, 7,410,924, and 7,544,632, U.S. Patent
Applicationeﬁwbrﬁh%mﬁmmtBﬁ@pﬁgmﬂﬁhﬁﬁﬁﬁﬁﬁ@ﬂaE@G@ﬁO@ﬁG@ﬂzﬁgg@@?ﬁ@@84754, and

2008/ 0132407 i nternation Publrcat 04/,007646

2005 08415 U IS B Tk i TSRS PR A SotRR 680 T er
alia. [ 0023};1@&@}% AR IRPES (0fr &BRPINUSNELABr ihBn Wb R ZOURE®: inst @
hydrotreating step, the hydrotreating condi tions can conpri se one or nore

of : a weight average bed tenperature (WABT) from about 550F (about 288C) to
-- 12 -




about 800F (about 427C); a total pressure from about 300 psig (about 2.1
MPag) to about 3000 psig (about 20.7 MPag), for exanple from about 700 psig
(about 4.\80NPEY)S0166 about 2000 psig (about 118 MPag); aRCILHSRWIOS2ITEDOUL
0.1 hr-1 to about 20 hrl, for exanple fromabout 0.2 hr-1 to about 10 hr-1;
and a hydrogen treat gas rate fromgabout 500 sefibbl (about 85 NnB/nB) to
about 10000 scfrbbi (about 1700 Nné’/ nB8), for exanple from about 750 scti bbl
(about 130 NnB/nB) to about 7000 scfl bbl (about 1200 NnB/ nB) or from about
1000 scf/bbl (about 170 NnB/nB) to about 5000 scUbbl (about 850 -Nm 31M3).
1002411 n engoaiarersabeit t Hewppwentt omtbithaphbei 1 hermen, sohgreater than

prelimnary/fir, hydrocracking.step, the prelimnary/first hydrocracking
Patal yst - cafrebase et SRR e Beo L BR o A AROE ek Pl Tl ety et - o
exanpl e, a zgphl bt eobassc.seheebed Frommigeol ite Beta, zeolite X zeolite Y,
faujasite, uttrastable Y (USY), dealuninized Y (Deal Y), Mrdenite, ZSM 3,
ZSM 4, ZSM 18, ZSM 20, ZSMA8, and conbi nati ons thereof, which base can

advant ageou pe loaded with one or . nore active.netals.fe,. ither (i) a
aroap vt M e S B R aflent SR KT S B S T H G S
VI non- nobhgydiBbdke e viiceklingGobalchn bk kOficianeh £0mPhLRSLILNs t her eof
and a Group VIB netal such as nol ybdenum and/ or tungsten). 100251l n

enbodi ment s lofkt eha lpast et 6874, foritireha dideast dlwua Sprehl ininiabyitr 0P stat

hydrocracki ng step, -the nrelimnary/first hydrocracking condtions can
Cypi cal 1y bedsHPRLT S L RTADY. bl b b Rar Rk rBuer %, o,
| ess than S%%ihbestiddany aPMehass, ian AW cdesankinans 49%. Higiom about 5%

to about 50% from about 5% to about 45% fromabout 5%to about 40% from
about 10% t oassten/56%:d fydmceisbg 1A% balselitciub v aifxipmealoution0% t o

about 40% from about 15%to about 50% from about 15% t hout  45% from
Sbout 1596 t SV RhBLAS At TrraeRhane SooseP BB e R0 P ABoUE 2006 t o
about 45% ¥ QaRBRBLLZBY 0 kU thaAQ%uf $PM AR M 25%0heuebBlinge0% from
about 25%to about 45% from about 25%to about 40% from about 30%to
about 50% ororf fomnaboiitt?80% b e len ab@uidbd. Bohvetsi endtievdly ¢m t he
prelim nar y/,fti,'rdsit h }dr oc acki.ng stage is_ def ,iggfed‘ her ei‘n,,sj m, arly as in the
hi gh-conver§ %Ert?f’fgyc F‘?d}&r%lﬂ“ﬁf?(d? FyE i‘(ﬁﬁ g eglg?'l"i’ﬁiﬁ\%ﬂjﬁ'sﬁ“fﬁ?gdi ments of the
invention i RyWleRlitbergeicon 8c RE@lIdM Ratd b EStvRYEr REERBKILNGost 8Py each of
the effective hydrocracking conditions of the prelimnary/first

hydr ocr acki hgalgtage’c & demelafirdrrebpy B0 di #fa éhts. froombohet¢orieespondi ng

condition in.t hi gh-.conver si.an/ second, hydrocracki ng step. Additionally or
al ternat el yaij%uq?r%‘bg’lr REht %hm_? bﬁﬁ’emia v 'tﬁg{qa%‘n‘%l‘”’rli"’vg%]“éﬁﬁt ﬁ] r%gmf s a

prel i m naryFEddotsidly duOcT @K kdBrcbt &R o fchesiRbiaskihyBvddhasiiasichnGhe
conditions of the prelimnary/first hydrocracking stage can conprise one or
nmore of : a weiight aravient &§ehdrgd in bahag aour of (WABT) iduebrokdsbies IBBOF (about

288C) to abaqut, 800F.(abqut 427..0)...a-{otal..pressuce from about 300 psig
(about . 1 TPdeyors eBome V086 Toba L8R Bb 5 \eaes ioF E e kmiie From
about 700 pshgi {aDRULcAuRIVRASy 4 rdhRut mefQ0asTE a(fekRutah3viisMPag) ; an
1,171SV from about 0.1 hi-- to about 20 hi'', for exanple from about 0.2
hi-- to aboustini@irhboilinggedhtas Hyldrsoden !t eatl. 4583, watreptbyawhitatrontags00 scPbbl
(about 85 NB/nB) to. abtou‘titéoqoq‘spf/ bl C(_Eitﬁq%tfl?oo Nt Irtﬂrt"% for
exanpl e frof HHOU F55§dt) BB ¢ ABEGH I8N 379 "B SHBBLTT 7866 5 ct | bb
(about 1200 sNB{EBI0i @M cdsriRamn aboptt H009 mefibbl o aboubardd & NaBJ@B) to about
5000 scf/bbl (about 850 Nn8/nB). 100271The converted products fromthe
hydr ocr acki agostiagfeyddetaikcédndiaradi n are descri bed as having a boiling
range 'maxi mum of about 700F (about 371C) and thus contain distillate
portions described herein as constituting nmaterial having a boiling range
bet ween 350F1R] 7C) AanthidQ0F o IkdGhtcl@tnd @aStribdpdageridhmg: diostil | ate
yield). The basic test nethod of determ ning the boiling points or ranges
of such feedstuekon/agrond hlydmsrackmafstric Cé@@hi@ittaic‘@tﬁsw@n@%@t@ﬂaé@éb%i ng to

this inventi.on, ca by.perfarm batch distillatiaon accordin o0 ASTM
66 0061 Staraar i erade el ot ot 5B St Bh i sl Pel SR PIBE I s "ot

At nospher i ¢ wRhas SEr &ampldnotlOORELTne Mo @ 8Syps, doekahf@thdnbher i n, can be
ei ther pure hydrogen or a hydrogen-contai ning gas, which contains hydrogen
in an anount at |east sufficient for the intended reaction purpose(s),
optionally in addition to one or nore other gases (e.g., nitrogen, |ight
hydr ocar bons such as nethane, and the |ike, and conbinations thereof) that
generally do not adversely interfere with or affect either the reactions or
the products. Inpurities, such as 112S and NH3, -are



typically undesirable and would typically be renmoved from or reduced to
desirably lowlevels in, the treat gas before it is conducted to the
react or sweage(2#s076¥he treat gas streamintroduced into &CTABCAILOM4AZN age can
preferably contain at | east about 50 vor/o, for exanple at |east about 75
vol % hydrogen. 100291The catal ysts in any of the hydroprocessing stages
according to the processes of the invention may optionally contain
addi ti onal conponents, such as other transition netals (e.g., Goup V
nmetal s such as niobium, rare earth netals, organic |igands (e g., as added
or as precumgmnsnpéﬁtwwvéWﬁﬂbgwﬁbwpﬁ@ﬂDtmmamdﬁ@ﬁhguﬁﬁnﬁb2@ﬂ¥®n0s®9®s)

phosphorus co und ne- contalnln

VT Con cont MR H s HRNS SOl ey fioaBr s P eEd? P ROE Sgent s,
or conbi nat ipgns, t hereof The G oups referred to herein refer to G oups of
the CAS Version as found in the Periodic Table of the Elenents in

Ha, "vi ey's Condensed Chemi cal Dictionary, 13th Edition. 100301l n sone
enbodi nent s j8&i3¢ dis%hﬁﬁat@ygmmhm@asb@ﬁhﬁmﬂmcmﬂﬁénﬁedm@ﬁﬂﬂu&&éﬁ@an

advantageousl be used e or. nore transportation. fuel osi tions
and/ or may b% ‘sﬁéﬁ‘c’ﬂ f‘%‘*ﬁiﬁ%"g‘ﬁbi‘?ﬁ};’é‘géﬁét@%6“?83Ia PEEFLY s ngﬁi@%ﬁ g
exanpl es of %@lti&ﬂﬁ@@%‘iéaw RPRLS 188N 1Ba ty@e at hut: aieaneie |im ted

to, diesel, er ne jet, heating oil, marine, and bunker fuels. For

i nstance, |ﬁl&nﬁi@ﬁbﬁﬂiﬂEMBﬁitﬁeﬁdﬁﬁtﬂﬂbatéaﬁdﬁﬁL@nSEQﬁtﬁh@ Eaorivert ed
products can_.be split (e.g., by fractionatiqgn or t 0 a kerosene
cut havi ng éd‘gBP’Pﬁk 3& fjé“%&‘é%@ﬁc%ﬁéﬁe g fg‘?’fa F"?‘%%@%} and a di esel
cut having goR0klibn Ay E300ELRELNEE RPN £ 23AC) %Z)QQF {3 hhD such
enbodi nment s aherg ihétglstﬂ ? Mg p%rtlong of m@ﬁ{ coﬁVé?teé 6Hoducts are
split by boﬂFEﬁ@reangéemnt@aﬁfkémoﬂeﬁfmnghwandhaaHﬁbseﬂ@embgﬁmhéﬁﬁnnke
point of the (distil portions of é% unconv %g product s ghould be
under st ood 18" $lé%f@?ﬂ*&ﬁﬂgﬂtf&%ﬁ@t%é% heLgreaiphgag) G B SITHT N he
(distillate ;portd; anscdndhel, HQ&QQ%@M&H‘}@K Qgug gm%@%@ g, unger stood to
refer only to the“diesel cut, and the sulfur content, nitrogen content, and
cet ane nunb@mﬂgm@@Mdo@ﬁhumdﬁhgumﬂdihoun@ﬁﬂtnabmméumﬁhahyM1@mbh@h@@nbined

ker osene and di esel 100311The feedstock provi.ded to a e
e oot ocaegPRs PO B ot g ot fa L TERe T BROPERS Bk ef R affadd

enbodi ment Sforcggﬁl%{%#cs&t&@érh?@aﬁi pleedndehRisdnaBLB! hialdwPerdd oy ard a m neral
oil portion ner al "Is neant a fossil/mneral fuel source, such
as crude oil, and not the commercial organic product, such as sold under

t he CAS nunber 8020-83-5, e.g., by Aldrich. In one enbodinent, the lipid
material and mneral oil can be m xed together prior to any hydroproce55|ng

step. In and¥Héi entbitperily o pEcmRshY ﬁlﬁ&awéﬁl*aﬁrmaiﬁﬁﬂﬁwéw&} theihigkran be
ded t . |
00501 The ¢ & TRABYEALAFIMD k0 A ARRA SR Bl B6RESH X MBSO °5°¢

conposi ti on {&apfipsedsothab ol dgisclln matelkatian -GWewaldsy thabhihes® . bi ol ogi cal
materials include vegetable fats/oils, animal fats/oils, fish qils,

pyrolysis off pgi}mia#éﬁmr@ak of ﬁiw‘a@%br fhe ungenvgatert p&&%bﬁ%ﬁéhp@ wf/hégith

O o B SRRl ACaL N, 08 LA AMAHTRL B0 alo  APLARS e sQicTor & type
of |ipid compounds. RAS -are ty I*1 oglca conpounds t hat
are insol ubhx& dx il g@ﬁatcbﬂhnsm AUh lsgeat e aimﬁnp@?@rgrmm that )40l yentes.
Non-limting exanples of such solvents include al cohols, ethers,

Chi or of or m Uaiky P (acetdtelan bRt ei@alcaHdn c oMb RAIOHE Uiher8df-. 100331Mj or
cl asses of |IpIdS i nclude, but are not necessarily limted to, fatty acids,
glycerol -derived lipids (including fats, oils and phosphoti pids),

sphi ngosi ne{giE®i ved Ad(ﬁﬁu@l&ii@im@hmﬂxbﬁg cles ot eSiedoebéln dsindes high-
gangl i osi des, and sp hlngéggellns steroids and their derlvatlves t er penes

and their déPRFAHPYEZKOD rocracking stage can exhibit a kineratic viscosity at about
100°C of at least T ¢S1, for example at least 1.5 ¢S¢, at least 2 ¢854, at least 3 ¢St at
least 4 ¢St, at least 5 ¢St, at least 6 ¢8t, at least 7 ¢St, or at least ¥ ¢8t. Further

additionally or alternately, the unconverted product from the second/high-



-- 16 - soluble vitamns, certain aromatic conpounds, and |ong-chain

al cohol s and waxes. 10034]In living organisns, |lipids generally serve as

t he basi swbap120sbt6snenbr anes and as a form of fuel stor&geusképioss’can al so
be found conjugated with proteins or carbohydrates, such as in the fbrm of
|'i poproteins and tipopolysaccharidegs. 100351Exanpl es of vegetable oils that

can be used in accordance with this invention include, but are not :limted
to rapeseed (can.ola) oil, soybean oil, coconut oil, sunflower oil, palm
oi I, palmkernel oil, peanut oil, linseed oil, tall oil, corn oil, castor

oil, jatr ophma‘«o@:lbn h}@p@t@akmlmgolcmeﬁ@bﬂt 2 kinaesisadbcobity atgdoni EHEC a oi |
saf f | owner babas

saf 1 9ver OhbnalABasiih Pbs haAGHRR fo B bR s gh RO et '

material . NaBt kbl thiMg c8X2BPHRS: Bhn BIAE8RS athrY 8GETAN: EndRinkorf®@Id al i ncl ude
fatty acids and fatty aci d al kyl esters. Al kyl esters typically include

Cl- 05 al kyl ¢c&smetmoredhen ScSher ecofiorethhy i ¢Set hyl , and propyl esters are
preferred. 100371Exanp|es of animal fats that can be used in accordance

with the in ion i ude, but are limted to, beef fat | | ow), hog
fat (lard), Y‘? key fféff litignadly M{Wﬁe?‘»f R R T Ht SYSR %&gﬁggkf ats can

be obt ai ned Lgﬁx%ﬁféiéiwtec%ﬂﬁthg&lo%;ﬂ?h‘{ (GeadleRGh HQ;'anFé %ﬁ&@x‘%re@x%\'ﬁa?yngr ppat

production facilities nimal fats as erred to herein also include
processed annmﬂﬁ(ﬁaﬁmﬁaﬁebfaL%&Nﬂﬁahmdnmkﬁgméxanphﬁwubﬁ1pﬂ6&&s§@dtan|wm

fat material de fatty acid d fatt est yl esters
typically “Ad i é ler ffb%‘“%‘lylifﬂmég‘?lé < Wihad b0 ‘H&r@“&f"v ﬁ@fﬂrﬁ%ﬂm %?ﬁ"g?llé“ and
propyi estegs, u%zpcf&{w@r&efﬁm abot g&) 1 QO39}, 938 9iks, ) gl LiRl B8c8%8 typically
contained in a gae In the formo nbr ane corrponen st orage pr oduct s,
and net abol ilteeseiglesittae bS53 gabiyst nad agSMpd® tatebalobyedhwvah <5fazlngd@au$ tcdh as

di at ons and cyanobact e ontaln ortiopally, high | s of lipids.
Al gal sourc&yf@ﬁ?f*ﬁ%g éwéée %ﬁ‘@%@%&ﬁ@?h@?a}% Wg“gé?ﬁﬁfr /némg,n from 2

W% to 40 Wihefg 4 LRids anhasedwen, bokah LRt «a¢, Lheoki prras,i tsel f.

platinum, based on the weight of the ZSM-48 catalyst.

18617} Additionally or alternately, the catalyst mixture in the two-stage
catalyst system of the high-conversion/second hydrocracking stage can comprise a
volume ratio of USY catalyst to Z5M-48 catalyst from about 1:9 to about 9:1, for
example from about 1:7 to about 7:1, from about 1:5 to about 5:1, from about 1:4
to about 4:1, from about 1:3 to about 3:1, from about 1:2 to about 2:1, from about
1:2 to about 9:1, from about 1:2 to about 7:1, from about 1:2 to about 5:1, from
about 1:2 to about 4:1, from about 1:2 to about 3:1, from about 1:3 to about 4:1,
from about 1:3 to about 5:1, from about 1:1 to about 3:1, from about 1:1 to about
4:1, or from about 1:1 to about 5:1. In the catalyst mixture in the two-stage
catalyst system of the high-conversion/second hydrocracking stage, the USY
catalyst and the ZSM-48 catalyst: may be effectively mixed together so that the
two catalysts essentially comprise a single mixed stage; may be disposed nto
sgparate stages in which a substantially USY catalyst stage follows the
substantially Z5M-48 catalyst stage, or vice versa; may be disposed into separated
stages in which a USY-rich (i e., more than 50 vol% USY) catalyst stage follows

a ZSM-48-rich (i.e., more than 50 vol% Z5M-48) catalyst stage, or vice versa;



100401Al gal sources for algae oils include, but are not |limted to,
unicellular and nulticellular al gae. Exanples of such al gae include a

r hodophytwo 2050 wphyt e, het er okont ophyte, tri bophyte, @CaOSEIPERT0

cht orarachni ophyt e, eugl enoi d, haptophyte, cryptononad, dinofiagellum
phytopl ankton, and the like, and cenbinations thereof In one enbodinment,
al gae can be of the classes Chl orophyceae and/ or Haptophyta. Specific
species can include, but are not limted to, .Areochloris ol eoabundans,
Scenedesnus dit not phus, Eugl ena Phaeodactylumtricornutum Pieurochrysts
carterae, Prypmeshdes parsdenialTetsicas e nibschchalS anda gk canhidoAbNESe r ef
nhardlii. [Q041] The |.ipid material  portian of.the feedstock,. when,present,
Can' be conprtdbt o kR FyTRrTREl PEoby etk Ry R BB E s P o by
combi nat i ongishBek8A%-cohBn@Ne o HEGhH Bty WNekE rdrh RITUS TBIBIdatliy<k StaPE gSENt ,
the feedstock can include at |east 0.05 wt % lipid material,” baséd on total
wei ght of t héSMedBisichbekiaprsbstigs dndoronproe esgiipyg stagesthotiale aligde¥ ercdibl y at

| 0.5 %, £ | | | o1 2 o | 4
neos Adt T SRA PN B B G e Yo Bk BB bl Rt e

f eedst ock capciiiebude:Hietiommeectdtan 40 ww% Il ipid material, based on total
wei ght of the feedstock, preferably not nore than 30 wt % for exanple not
nore than 20 wt% or not nore than 10 wt % 1004211 n enbodi nents where |ipid

Pal i : wide. fe ~Fan jnclude not greater fhan 99,9 w %
mineral of | IOVET o kbl GsB EPREST ElbR o8 B o PG b B i 0. 7

W % not greaberdbhaR 9% WAtk & eal Biotdian: ¢ 9 yw }%@imﬂ@tadgﬂi%ﬂt er than
98 Wt % not greater than 97 wt% not greater than 95 w% not greater than

90 wt % not ofreatceded makl(85 ot b¢ impgrtdtniderahgasiibly, e UioY cgrbat @ t han 80

o oo s SbF ) T O0R Bl D3Pk OE o AL 0EL SRR PSS L "
| east 50 wt Yomiineral Aok foss [ R/ RNANDLEY @tatl@ast hBR W Warkibeastiecdd W% at
least 75 wt% or at least 80 w% mineral oil, based on total weight of the
f eedst ock, 10043L| forsensp e odsmimus7vee fest dhpid? vt Beptatbobsik ekent, the

lipid material can orise a f acid alkyl .ester. Preferably, the fatty
acrd alkyr SerepbhRT LS et B Ry deE S e R Bt o

et hyl est er $ur{dd¥ doEmor@ i af/:06uf AlDY FRCk SnploRY Ind@s ek $bod0844dAn¥edy pe of
reactor suitable for hydrocracking can be used to carry out the any of the

hydr ocr acki tignsbagell, not eregphateysesStovdrdithfaneboiied I vennpeihaExanpl es

of such reactors,.gan include, but are not limted to, trickle bed,
ebul I ati ng 8@3?“§§Vﬁﬁﬁnﬁgﬁ?%Fpﬁ¥8Wié@'bed, and slurry reactors.

100451Additional Iy or alternately, the present invention can include the
fol I ow ng etrfé{ﬁ@'g MENYE an embodiment, the effective hvdrocracking conditions of the high-

conversion/second hydrocracking stage can comprise one or more of! a weight
average bed temperature {(WABT) from about 550°F (about 288°C) to about
8O0C°F (about 427°C); a total pressure from about 300 psig (about 2.1 MPag) to
about 3000 psig (about 20.7 MPag), for example from about 700 psig {(about 4.8
MPag) to about 2000 psig (about 13.8 MPag); an LHSV from about 0.1 hr'' to
about 20 hr”', for example from about 0.2 hr' to about 10 hr'; and a hydrogen
treat gas rate from about 500 scf/bbl {about 85 Nm’/m’) to about 10000 sci/bbl
{(about 1700 Nm’/m’), for example from about 750 scf/bbl {about 130 Nm'/m’) to
about 7000 sct/bbi (about 1200 Nmz/mg) or from about 1000 sct/bbl (about 170
Nrn'/m’) to about 5000 scf/bbl (about 850 Nm'/nr).



100461Enbodi nent 1. A hydrocracki ng process on a vacuum gasoil feedstream
being selective for distillate boiling range converted products and

yi el di ng wiocorwsotedd products useful as |ubricants, whi eATASOEIEHS2470
conprises: providing a vacuum gasoit feedstream having a nitrogen content
of not greater than about 50 wppm gnd a sul fur content of not greater than
about 300 wppm hydrocracking the vacuum gasoil feedstreamin a

hi gh- conver si on hydrocracki ng stage with a hydrogen-containing treat gas
streamin the presence of a two-stage catal yst system under effective

hydr ocr acki h@f28bndi thbuastageddsicitendistibriaycid hom %@)hv@ogia@hingémlcabf greater

than 55% s@ as .to,form a hydrogcracked product: and .19 - separating the
hydr oer acked® Brotob SHELATERnG e PEGTF daus had Mt it PR Bhinge

maxi mum of  abeukidP9chaboitocRtG) sand (B HNCONNET dadaRFiAdistinhAVIAY a
boi ling range mini mum of about 700F (about 371C), the converted product

havi ng one omgocevah Z00R{ BeChumb &0 6f3at"Dedst lc48 30avéndkecpoinie of at

| east 20 mm_ and .a syl fur content of not eater than, 12 wppm. .t he
unconver t ed "bEaddae et g SoRbT o oy &% ST Shnt B ATall ¥R east 80,
a. pour poi me Qfuvk@&Ppbhadt Rl tantlgRcokiNEBBLEGNY ISERS LAY indtstakout 100C of
at least 1 cSt, wherein the two-st,ag{e cat alﬁést system conprises (i) a USY
cat al yst conrtdditnivagy gl alt¢rneimivai/ostt it Vigdl omdndbdrproscBomsa®ssan al yst

t ai ni | at i ] adi 100471 di . 2..Jh f
emboa ment. 1o anEY Pre BT Agadr M SGadtT SaRTRAUr Ry S RrPrS5En °

content of REiGEr88keRe HRALAPOUHAQ MR RN a @i S 2:GORE @REvRfednot _
greater than about 300 wopmis forned by: hydrotreating a crude oil portion

havi ng a sulpfaiccoament potinaparydast vabeaurckiQoTagwppm andeta oy kwgen cont ent

of at |east about 200. W th.a hydrogen- taipiag.tr . ~stLeamin
Chepresencd et Shirarb e Lkt eSS rar F AP a8 MR aTaT Gt T g
condi tions 40af RAUS tydret Heatpedaneadus i hyealeasackena: e @it reat ed
product in a prelimnary hydrocracking stage with a hydr ogen-cont al ni ng

treat gas sefsashiOnvihet prassEnedoodr & lgsel( wihabssedpd tloceadikied cat al yst

system undermeffe‘_ ive pr Im ary-hydrocracking. condi tions su fiﬂci ent to
S tain a coliarbrb i Gotr s TRORy P R GG DGR BTG R s e i nary
hydr ocr ackedsd shydsotseat-86y/RERddeldrandksgRralati ng the prelimnary

hydr ocracked, hydrotreated product into a prellmnary converted product
havi ng a boiling range maxi num of about 700F (about 371C) and a prelimnary

unconverted uct yhaving. a boiling range. m ni num of about. 700F (about
3710 ¢ suchilL: o b ey e R AOEF r PP YRS e PEheRE i gasoi |
f eedst ream Q048 LErhodL Rt fe&ist-The PHACAES: 6f paRnaBe b tihe previous
enbodi nents, wherein the hydrocracking conditions in the high-conversion

hydr ocr acki hgdiotragiengaviep suf ddveiisatousty et asdiwonvensdion dast&diovtr om about

60% b % -20 100491 i 4. Th f. f th
revi ous embBl meReSTh s e wonvapfoatBRoRURTS APaf ARDN e £ tNe

hi gh- conver sy da@ey @skhng 1sdagen@%bbd bl aCREANGMUIDE I Hm ak | east 51
and a sul fur content of not greater than 10 wopm 100501Enbodi ment 5. The

process of &yt dngt bFCH0HEP PRl oysalemd 68w r B, WHerserbow RECUhoonwer t ed
product fromith i.ghs versi on, hydrocracking stage exhi bit vi scosity
dex bet weth <80 *And 360 SHa e e Lo OIS L RS iSPbitD fr om ¢ he
hi gh- conver si@f, Ry df Redta6kiN@ODh 3G RHRY b iR RAULHRAE Bt at0fast 8sSit han - 10C
and a kinematic viscosity at about 100C of at least 2 cSt.

200 wppm (for example at least about 300 wppm, at least about 400 wppm, at

icast about 300 wppm, at least about 750 wppm, at least about 1000 wppm, at

icast about 1500 wppm, at least about 2000 wppm, at lcast about 2500 wppm, at

icast about 3000 wppm, at least about 4000 wppm, at lcast about 5000 wppm, or

at lcast about 6000 wppm).



100511Enbodi nent 6. The process of any one of the previous enbodi nents,
wherein the two-stage catal yst system of the high-conversion hydrocracking
stage comspR/S8BENti al |y of a mixture of a USY cat al ygCTIusagleds247¢ h from
about 0.1 w%to about 3.0 wt% pl ati num based on the wei ght of the UP(
catal yst, and a ZSM 48 cat al yst |9§?§d with fromabout 0.1 wt%to about 3.0
wt % pl ati num based on the weight of the ZSM 48 cat al yst.

100521Enbodi nent ?. The process of claim 1, wherein the vacuum{. -, Yasoi
feedstream has a nitrogen content of not greater than about 20 , vpprn and
a sul fur cob®®df of ln@tnbgﬁiemré:’r of thamaboot i SOiclyspire i100B3¢Exodi nent 8.
The process any X ne .previ ous enbod nts, Werei.n the effectlve
nydr ber acki AP ORE oS 5t CEHE R RO SBTUoT o DRRG A SR SCkTAG b Sge

conprise a wel Ght.:AVLase:bed ot RARHAIMLEy RHHHh@QpM&iéégﬁh£ﬁﬂQM&i288C3 to
about 800F (about 427C), a total pressure from about 700 psig (about 4.8
MPag) to abd E@Gﬁ}@sﬂ@w@ab@wMOQﬁSKWM%gﬁddﬁn&£H@Vf¥WQﬁV§g0uﬁ&¢ﬁHhrabout 20
hr', and a h te f r om,about cf/bbl ab 5\m

Lo about 10650 SEFREET Pt T MoGadami e Ao e Bsn BRB LG TR 6T The
process of amyabdneRbritang/PrEE ﬁuﬁiit@m&dld@nﬁi&ng’\&l@ﬁ@mﬂ stie, emyert ed
product fromthe high-conversion drocracking stage has a yield of

mat eri al boﬂﬁlfﬁg&lqii atch@?waﬁg@ ﬂ@@‘@\?\%ﬂ%@@@@*%@%ﬁ@wéoﬁﬂ“?@@ﬁd@@mC) of at

| east 35 wt % : g ﬁ % ME &> f .the copve@tedip oduct fromthe
hi gh- conver 8P bﬁs ?’Bé?‘a?&‘ P‘ﬁg*“é QGEVMOEEE B SRR “16™5The process of
any one of qmq@;mrlbisp;%ziﬁmwe@wrﬂ&dRB@@ 1y&tsude welilknpektih @ gxhi bits a sul fur
content of at |east about 10600 n1an&la ni trogen content of at | east
about 1000 \A@p?quu@d%n@ﬁb@dg h'ewtmm ccfrﬁé%tmad@é@smfmfawamhéa\@rbe@nrbodl ment s

2-10, wherein the hydrofr t|n cat al y t ,Gomy one (& oup Vi
retal sol coP B bR e R B PR AR 5L AR S one
G oup V113 neidborsiel @%@r@r&lwmm b Lﬁ»ﬂd&t%’dﬁ%‘ Matdeoadehgl 8Rthods
optional 'y including a support conprising alunmna, silica, titania,

zirconi a, omtarcdhbi thaiar mﬁébr%éo!fmman@/m lrxmémimm ot hig rhgiawbw}erat‘ khg

condi tions g,\ IIS 2. \e g@t\aver, edite ure fro&l % ﬂt 550F (about
288C) to abouf" Bb ﬁe(%b ORI e PatE™ ? ”F‘ ¥R 8B8Ut 300 psi g
(about 2.1 HNf&ahiy0hidbAULasBARAhAIrE of ¢ 1burds Ts Madlded @a1L0LE SV from
about 0.1 hr' to about 20 hr-1, and a hydrogen treat g s rate from about

500 scf/ bbl %Q bowforgs PNy wimmwenb palsour 40060 p@ﬁifwmbb ¢ &houtantz00

N8/ @ ). ac qg‘v?&iE?t%%g(Er%pt by pmVidmg RI9LER 09 the Xtapprs,wrsm tﬂgt leﬁment s 2-11,

includes solid and/or precipitated metal in the solution, such as in the form of
suspended particles. By way of tllustration, some examples of suitable
hydrotreating catalysts are described in one or more of UK, Patent Nos.
6,156,695, 6,162,350, 6,299,760, 6,582,590, 6,712,955, 6,783,663, 6,863,803,
6,929,738, 7,229,548, 7,288,182, 7,410,924, and 7,544,632, U.S. Patent
Application Publication Nos. 2005/0277545, 2006/0060502, 2007/0084754, and
2008/0132407, and International Publication Nos. WO (4/007646, WO
2007/084437, WO 2007/084438, WO 2007/084439, and WO 2007/084471, inter

afia.

[66G23] In some embodiments of the invention in which there is a
hydrotreating step, the hydrotreating conditions can comprise one or more of) a

weight average bed temperature (WABT) from about 5530°F (about 288°C) to



Wherein the prelimnary hydrocracking, catalyst conprises a zeoli tic base
selected fromzeol.ite Beta, zeolite X, zeolite Y, faujasite, uttrastable
Y, deal unwoiaedsjesMor denite, ZSM 3, ZSM 4, ZSM 1.8, ZSRCIQS200$05248) and
conmbi nati ons thereof, which base is |loaded with either (i) a Goup VIII
nobl e metal selected. fromplatinumand/or palladiumOl (ii) a Goup -VII
non- nobl e netal selected -22 fromnickel, cobalt, iron, and conbi nations
thereof, and a G oup VIB netal selected from nol ybdenum and/ or tungsten.
100581Enbodi nent 13. The process of any one of enbodi nents 2-12, wherein

t he ef f ect i weoHy@PUC tadeki HY “Cordictal oressir fiomealprue B0dprigrigbdydriocr acki ng

t L cient tain ersion.| evel from apoyt,.10% t bout
a5t andr or oo 1Eaat Jfb ek JuRrEal 7RuE Do S Grulur SRR TS0P W0 (about
288C) to aboitouBRQRIPabANtLLHAZ4ON0 paigl@balk mrgemu%é 2h LM ABRW a0 0!1PSi g

(about 4.8 MPag) to aqu}‘ZOOO psi g (about 13,? g), an LESV from about
0.1 fir-1 térabodoupdd hy’, foradmplhirdmodent .2 dat tgawut &8 &r feotherabout 500

scfibbl (about 85 Nrri3/nB) .to about 100 fibbi.(about 1700 Ni.p3/rn.1-.
0591 EmbodP BT heitrie Pt Sed SR Sad iR L b e M 3 b r i
the conbi naki b ofnduhe7@ERUErE g droPEOAHEE Hor@mdiNe sDLahs e oMRE $3®N

hydr ocracki ng stage and the converted product fromthe prelimnary

hydr ocr acki Auémnage aboltl BE0isvEbyl (Wt 4209 dloed /rof) arditese pbdut BE0P sefPpbiin t he
range between 350F. (147C), and 7 341C) .of . |easts 50 wt % based on the
Conb ned vierGIiT of0 ML rEaiE apela ol ST L RboRI GO i He pre | i m nary

hydr ocr acki ng stage and the hi gh-conversion hydrocracki ng stage.
100601Enmbodi ment 15. A hydroprocessing process that is selective for
distillate b#i2dng dasgdodomrsr vialic prioduet 1 Ghidhyhab di agrelineonyérited

products useful as, |lubricants,,.which.process conprises: hydrotreating a
Vacuum gasol POPSBRET RS RaviHyTA S0 R aReeRE Es AR re IS At 1000
wppm and a RikdRI8NtERREERIdrBEraditink eR8tysABIOUL 1 R00: WRRENW Bl Bclected

hydrogen-containing treat gas streamin the presence of a hydrotreating
cat al yst undiein efofiécBiipezdoydr 8t raditd Mglwonditilomsatio ¥idr)a hydr ot r eat ed

product; hydracracki he rotreated,pr.oduct in.ag fdrst hwdrocracking

S age i th’ SRy Ogeht dBREal g b rEar oy & Fhan e - S elonstior
first hydroakaghi deghieadahy SterSStBmh WAL areidashl iR IV 1064 ackitR Bne
conditions sufficient to attain a conversion |levéel of not nore than 50% so

as to form arfiargective m3ahydgoertbokad, Cripdr'ofr edtiemepy sddcts;pisiepar at i ng t he

first hydrocracked, hydrotreated product into a.first. caonverted product
navi ng 3 b RGE DL ABg) LS et o IOk eI o i 3758 Yl ol r st
unconvert ed gpf OGBEa@W Mekcaf, BAk Lidhgup 3NBeMMINILEHRY efol PRRHEM 498k (about
371C), the first converted product having one or nore of a cetane nunber of

at | east 40ungssrbke point of at least 19 nm and a sul fur content of not
greater than 20 wpprn., the first unconverted. product having a nitrogen
content of not greater than about 50 wppm and a sul fur content of not
greater thampg@sput 3JQQMMIRIGntYTEEGHRGKLM M WhRhihd 8l MPCAMISLYE-:pr oduct
in a second h.ydrocracking stage with a Irydrogen-containing treat gas
stream i n t hedpruesemeestat ga frploneEgBrshprtiocreakikE sgnditvad yattysysiem under

effective hydrocrackin.g.conditions sufficient to attain a conversion |evel
of greater Phan sao CyPiERRdh PR SubsRih bt o Fedfed AT aPdEracked
product ; anehsemas atdsNBat e, sReomdn bidl abheaipd solwdbesr apkerhRneguct into

a second converted product having a boiling/range maxi mum of about 700F
(about 371CpYaimditausedontoanbonvehtiedbprdilictirdrachng |8 eidbong Pange

or more of SCRLtiHe  Rinaerobr Lo TunepSus P RRCUERENEl AP BRR Fadgl 28 oy

and a sul f upb&aentr@h shak 19vetBout /30, FdnWBBM 1 Phe; seeeadoyneanvert ed
product having one or nore of a viscosity index of at |east 80, a pour

poi nt of | essoutR&M BGhoahi’%. kimavani 20%its slomit ty Yatroabduiut 100Coaboudt | east
1 cSt, wheregjy t-he two-stage drogr ackin t-al yst. system.conprises (1) a
Usv cat alys 0 Cofiea HoTh 2 pRapRtey SRanesh Bpfianruli el B Ay 0ok b

cat al yst contaj @iBeuidl] Moinaape 0, R UM, caRE8maRbLon®k iy ayher ei n one
or nore of the following arc satisfied; (a) the vacuum gasoil feedstream
exhibits a sulfur content of at |east about 10000 wppm and a nitrogen
content of at |east about 1000 wi ppm (b) the hydrotreating, catalyst
conprises at |least one Goup VIII netal selected fromN, Co, and a

conbi nation thereof and at | east one Goup VIB netal selected fromM, W
and a conbi nation thereof, optionally including a support conprising
alumina, silica, titania, zirconia, or a conbination thereof; (c) the
hydrotreati ng conditions conprise a weight average bed tenperature from

— N - N o NN 0N N N o P — N~ .. o o



- 1700 Nin-1in"); (g) the first unconverted product has a nitrogen content
of not greater than about 20 wi ppm and a sul fur content of not greater than
about 150veppi2NsoT6R) the hydrocracki ng conditions in the&C3asend/052470
hydrocracki ng stage are sufficient to attain a conversion |evel from about
60% to about 95% (1) the converteg, product fromthe second hydrocracking
stage exhibits a cetane nunber of at least 51 and a sul fur content of not
greater than 10 wopm (j) the unconverted product fromthe second
hydrocracki ng stage exhibits a viscosity index between 80 and 140; (k) the
unconver t ed 4ptoduatyefsionet tian secoabminady/ deyt doRiastrck swagcax Betiads a pour

poi nt of | efsmt han " 310,C,\ -and .a ki nematic Vi sgos%&g at. bgb%u\ 100C of at

| east 2 oSt PUET SERETY o ST A E BRI S Sb Y S OREERESHH hy dr ocr acki ng
stage consists essentially of a mxture of a USN.' catal yst | oaded with
fromabout 0.1 wt%to about 3.0 wt % pl ati num based on the wei ght of the
USY cat al ys{§02&hd zSmendodamaitsysh thp osdedomitt whichdmrabouprebminay dsio about
3.0 % platinum r. 25 base the weight of the ZSM A8 catalyst; (m the
o fective. hyMP e aERERl T b e o e e e s KA UeratkITg st ags
conprise a Wweilghthadvesagrrdedclienpeiatiy e firam ahautradoftakput 288C) to
about 800F (about 427C), a total pressure from about 700 psig (about 4.8
MPag) to abeotcp00dnpspgdifiaboutheiBsigcnPag)on/sarond Nfropeomoabbet 0.1 hr-1 to
about 20 hr-J1,..and.a hydrogen treat .gas rate from.about, K 500, sct7bbl (about
5 - /ey A B0 o YEuBERe B ordRRut B Beo U By g PERE Tonver ted
product fromdiRenSSERR0HAYEQ8LACKbROhS LABRIRAS dR ViRt QhdlRigblale boiling
in the range between 35(;F (1770~ and 700F (371C) of at 1east 35 wt% based
on the t ot aprakesiighty/foft hisecwarives slegh prroduetisbrosmot herset ondeightir ocr acki ng

tage; and (o) th nbi nat i verted product. firomt
b ghe conver 8T UAEhGF SEPSERr g LR HBL SR THE ey R 9dB b om ¢ he
prelim nar yshm;lr@%@CA@WQ);sltt@&eggﬁélir@%wgim ba@%@ é&kﬁwzgfm@gﬁﬁi al

boiling in the range bet ween 350F (177C) and 700 71C) of at least 50
W % based ohowtFE0E oriyi(pleelit i /gHPapt farlveasphviepnadopr Busts(sbrom.Bot h t he

prelimnary, hydrocracking, st.age and. hi.gh-conver sion h ckacki ng
e 7 XAMMRE ERS o0 BTGl 1 B P SR Sl A6 B v
provi ded t 04BodiWO-ist 2@e clthbic fideabdui 82 st'aganef: mhi:Chawashlaagded with a

commerci ally avail abl e al um na-supported G oup, V, 113/ G oup VINT (e.g.,
Ni Mb) hydr oticetagas migic darablyst SaAdcitie (Fuebidl Nt dge tofaboii IER0Ras thdaded wit h

nore of the same,comuencially availabl e al unipa-s qrt e oup_ 3 f‘;SlGroup
Wit Ce. o By TAUSFOEr dael oG Rie SrySefo o] SR BPour B B iy

avai | abl e Guampp 7Mbb ket/di® (Shout Poo RRA/ST) Puln é&ﬁi@@%d@f’%bh?‘&%b@i@fﬁﬁki ng
catalyst. The ratio of hydrotreatng, to hydrocracking catalyst was from

about ~ 40/ 60 Nro /aibidataben) BOC seEipdetdns 8F) Nt he two- stage unit, the vacuum
gasoil was both hydrotreated to renove nost (e.g., at |east 99% by wei ght,
and preferably at |east 99.9% by weight) of the sulfur content (e.g.,
hydrotreatingsr7 26 coRdichiQasl db&lddedanVaRiobetwegnr:about®Q0k and 850F,
a total pressure from about 5(§Q‘p3| g to about 3000 psig, a hydrogen parti al
pressure frerm dsouted3odapiizg oliaboer: 3GE0wYIag abauthipldr bipdwut $E8dt ) gas rate
from about 50 tsc;f i ,btbl 5-0 .@l%oqtﬁoog sch?jggl . a}n,dﬂ a,ntatLtl.- | SV, from about 0.2
hr--1 to abdut ‘49 AP ‘5%'*?19‘&‘#188% EREAAr PR A TOW €., up to
about 50% GERUELIILAMCAREE bd:QBs: §€0°9.(1 7ARPIAYI70BLEL Vr 1ibhesalg ias the _
liydrotreating conditions herei nabove). The product fromthe two-stage unit
was sent todascsidpurdistilbe sichhe Mhafesie tsbmetoded dgicodudesthedwelingas a di esel
p

cut, a kerosene cut, and other light ends) were separated. out fromthe
Fermi nder of SR RERILARLUEBrstt e SER SR BE) FRRAE S pslllird gasor |
boi I'i ng rangedordiwhiss hiverendieaslby 8y hedodsna bhikd ek nieabedscohyidg acr acked

: UbyBY 8
vacuum gasoi | feea_strear n. gdet ails in Table 1 below) to a further
rel ativel y RiSghdddiivétedi bianigdrioet Mekicddos Dagélanetof Sitngeurs Préicismient i on.

Table 1 I—IydE%(%;tnrﬁgp;eiei(g,}}rfl;%ggepcracked VGE ) Feedstream |



API

gravity Sul fur,

Viscosity (40'C, cSt 22.65 Kinematic Viscosity (k---100C, cSt Pour

"1(C) 4.062020121058%5 Dist" ation (ASTM 1) 2887) PCT/US2011/052470
- 14 -
16628} Treat gas, as referred to herein, can be either pure hydrogen or a

hydrogen-containing gas, which contains hydrogen in an amount at least sufficient
for the intended reaction purpose(s}, optionally in addition to one or more other
gases {e.g., mitrogen, light hydrocarbons such as methane, and the like, and
combinations thereof) that generally do not adversely interfere with or affect
either the reactions or the products. Impurities, such as H,8 and NH;, are
typically undesirable and would typically be removed from, or reduced to
desirably low levels in, the treat gas before it is conducted to the reactor stage(s).
The treat gas stream infroduced into a reaction stage can preferably contain at

least about 30 vol%, for example at least about 75 vol%, hydrogen.

16629) The catalysts in any of the hydroprocessing stages according to the
processes of the invention may optionally contain additional components, such as
other transition metals {e.g., Group V metals such as niobiumy}, rare earth metals,
organic ligands {e.g., as added or as precursors left over from oxidation and/or
sulfidization steps), phosphorus compounds, boron compounds, fluorine-
containing compounds, silicon-containing corapounds, provuoters, binders, filers,
or like agents, or combinations thereof. The Groups referred to herein refer to
Groups of the CAS Version as found in the Periodic Table of the Elements in

Hawley's Condensed Chemical Dictionary, 13" Edition.

16638} In some embodiments, the distiilate portions of the converted products
can advantageously be used as one or more transportation fuel compositions
and/or may be sent to one or more existing fuel pools. Non-limiting examples of
such fuel composttions/pools can include, but are note limited to, diesel, kerosene,
jet, heating oil, marine, and/or bunker fuels. For instance, in one erubodiment, the
distiliate portions of the converted products can be split {e.g., by fractionation or
the like) into a kerosene cut having a boiling range between 4060°F (204°C) and
550°F (288°C) and a diescl cut having a boiling range between 350°F (232°C) and

T00°F (371°C). In such embodiments where the distillate portions of the

vsvpurn 33.5 21.4 : i N trogen, wppm 19 Kinematic

Poi nt ,



TO.5, 'F(C) 561(294) T5, 'ITC 110, F(QC) 647(342) 685(363) T20,110)
732(389) T30, 'F(C) 766(408) T40, 'ITC) 150, '1(C) 794(423) 819(437)
WO 2012/050765 PCT/US2011/052470

converted products are split by boiling range into a kerosenc cut and a diesel cut,
the smoke point of the (distillate portions of the) unconverted products should be
understood to refer only to the kerosene cut, the cloud point of the (distillate
portions of the) unconverted products should be understood to refer only to the
diesel cut, and the sulfur content, nitrogen content, and cetane number should be

understood to refer collectively to the combined kerosene and diesel cuts.

16631} The feedstock provided to any of the hydroprocessing processes
according to the invention can, in some embodiments, comprise both a biofeed
{lipid material) portion and a mineral ol portion. By “rmneral 0il” is rocant a
fossil/mmneral fuel source, such as crude oil, and vot the cornroercial organic
product, such as sold under the CAS vurber 8020-83-5, e.g., by Aldrich. In one
embodiment, the lipid material and mineral oil can be mixed together prior to any

hydroprocessing step. In another embodiment, the lipid matenial and mineral ol

can be provided as separate strearos 1nto an appropriate processing unit or vessel.

16632} The term "lipid material” as used according to the thvention is a
composition comprised of biological matertals. Generally, these biological
materials include vegetable fats/oils, animal fats/oils, fish oils, pyrolysis oils, and
algae lipids/oils, as well as components of such materials. More specifically, the
lipid material includes one or more type of lipid compounds. Lipid compounds
are typically biological compounds that are insoluble in water, but soluble in
nonpolar {or fat) solvents. Non-limiting examples of such solvents include

alcohols, ethers, chloroform, alleyl acetates, benzene, and combinations thereof.

[6833] Major classes of lipids include, but are not necessarily limited to, fatty
acids, glycerol-derived lipids (including fats, oils and phospholipids),
sphingosine-derived lipids {(including ceramides, cercbrosides, gangliosides, and

sphingomyeling), steroids and their derivatives, terpenes and their derivatives, fat-



1'60, F(C) 845(452) T70, F(CGC) 871(466) T80, 'F('C T90, 'W) T95, 110
901(483) 9-11(505) 973(523) T99.5, 'F(C) )051(566) 2+ Ring Aronatics,
m nol i kg 8082012/050765 PCT/US2011/052470

- 16 -

soluble vitamins, certain aromatic compounds, and long-chain alcohols and

Waxes.

16634} In hiving organisms, lipids generally serve as the basis for cell
membranes and as a form of fuel storage. Lipids can also be found conjugated
with proteins or carbohydrates, such as in the form of lipoproteins and

Hipopolysaccharides.

16635) Examples of vegetable oils that can be used in accordance with this
invention include, but are not limited to rapeseed (canola) oil, soybean oil,
coconut oil, sunflower oil, palm oil, palw kernel oil, peanut oil, Iinseed oil, tall
oil, corn oil, castor oil, jatropha oil, jojoba otl, olive oil, flaxseed oil, camelina oil,

saffiower oil, babassu oil, tallow oil and rice bran oil.

16636] Vegetable otls as referred to herein can also inchude processed
vegetable oil material. Non-Hriting exaraples of processed vegetable oil material
include fatty acids and fatty acid allcyl esters. Alkyl esters typically include C-Cs

allcyl esters. One or more of methyl, ethyl, and propyl esters are preferred.

16637} Examples of antmal fats that can be used in accordance with the
invention include, but are not limited to, beef fat (tallow), hog fat (lard), turkey
fat, fish fat/oil, and chicken fat. The animal fats can be obtained from any suitable

source including restaurants and meat production facilities.

[6638] Animal fats as referred to herein also include processed animal fat
material. Non-limiting examples of processed animal fat material include fatty
acids and fatty acid alkyl] esters. Alkyl esters typically include C-Cs allyl esters.

(e or more of methyl, ethyl, and propyl esters are preferred.



3+ Ring Aromatics, nrunolikg Total Aromatics, utnoilkg 169.4 661.3 H2
Content, mass% 13.5 100621l n this second hydrocrackin.g stage, two -100
cnB pi | otwOornt250%65t h no i nt er medi at e degassi ng) were clrarTgsdonmiosia7@bout 67
cnB of a catal yst systemconprising. a Pt-|loaded ZSM 48 conbin.ed 1:1 by
volunme wwth a ceramc filler - 27.4yedium (e.g., 13/45 nmesh Denstone(r),
commercially avail able from Sai nt-é’obai n Norpro of Stow, GChio), followed by
about 133 cm3 (--33 cm3 in the first unit, and the remainder in the
second unit) of a catalyst systemconprising a Pt-1oaded. USY catal yst

combi ned 1: 1883¢] vol urhgasiishordiéy amitepifdlly emtavedl wmigees. ig the 8048 mesh
Denstoneg, comercially available from Saint-C i.n Norpro, of Stow, Chio).
The firat sCRGRIB GrAmc Cole apar el T A apr E o COtarbRT g ¢ ne
second st ag@aRicliRiyURictoaiae sQBehAdiedmshrd FaNeHakQWaCaRElih bRibortionally
Reduction/ Sul fiding of the catalysts in thée second h.ydrocracki ng Stage, as
necessary phighricyds eohpidet Ahgp! whirhest fve theyadgastaibare dontdini yadyisgr acked vacuum

sasor | 1 SSISHLGRM ¢ YSBHUFESuSop S5 s: RS OBnL 975, SamELl . 00Ut 400

Fl ydr ocr ackeghvacudsrgasoi | feedstream was contacted with the catalysts in
t he second hydrocracking stage at a total pressure of about 1250 psig
(about 8.6 MPag), an 1,171SV of about 1.0 hr-1, a hydrogen treat gas rate

of about 4000, scfrbbl,. .(about .680 NVB/rn, 3 f,-100%12, .and a t.epperature
CUNAN) -t anghEY + om asBLR RS (KBt araide By ibout " eose  dnBit THReo
About 30- 35%& ARVerSiuRR aRke t heahprd oVasHal dalingddat raodognper at ure of about
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t enper at ur e cofrabott eRoRoEpblE, 38WPE)le. dme-cmbpist cldsmgRlniohyier si on of the

feed was attained.at a tenperature of .abgut 690F, (about 366"C). ..

Tonper at ur e§ HERaC LS T se ke Ba ABER Al PeeBrH kit SA5 @ eand apout
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45% conversi on. Detailed anal yses of the -35% -65% and -90% conversi on

product s ar &hshopkycicn: Tabbedaodbel dpeciieypess cyeinglude, but are not
Hited to, Neochloris oleoabundans, Scenedesmus dimorphus, Euglena gracilis,
Phaeodactylum tricornutum, Pleurochrvsis cavterae, Prymmesivam parvum,

Tetraselmis chud, and Chlamydomonas veinhardtii.

16041} The lipid material portion of the feedstock, when present, can be
comprised of triglycerides, fatty acid alkyl esters, or preferably combinations
thereof. In one embodiment where lipid material is present, the feedstock can
include at least 0.05 wt % lipid material, based on total weight of the feedstock
provided for processing into fuel, preferably at least 0.5 wt%, for example at least
1 wi%, at least 2 wi%, or at least 4 wi%. Additionally or alternately where lipid
material is present, the feedstock can include not more than 40 wt% lipid material,
based on total weight of the feedstock, preferably not more than 30 wit%, for

example not more than 20 wi% or not more than 10 wt%.

[60G42] In embodiments where lipid material is present, the feedstock can
include not greater than 99.9 wt% mineral otl, for cxample not greater than

99.8 wt%, not greater than 99.7 wi%, not greater than 99.5 wi%, not greater than
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9% wt%, not greater than 98 wt%, not greater than 97 wi%, not greater than

95 wit%, not greater than 90 wt%, not greater than 85 wi % muineral oil, or not
greater than 80 wit%, based on total weight of the feedstock, Additionally or
alternately in embodiments where lipid material is present, the feedstock can
include at teast 50 wi% mineral oll, {for example at least 60 wi%, at least 70 wit%,
at least 75 wi%, or at least 80 wi% muneral oil, based on total weight of the

feedstock,

16643} In some ernbodiments where lipid material is present, the lipid
material can comprise a fatty acid alloyl ester. Preferably, the fatty acid alkyl ester
comprises fatty acid methyl esters (FAME), fatty acid ethyl esters (FAEE), and/or

fatty acid propyl esters.

160644] Auny type of reactor suitable for hydrocracking can be used to carvy
out the any of the hydrocracking stages in the processes according to the
invention. Examples of such reactors can include, but are not limited to, trickle

bed, ebullating bed, moving bed, fluidized bed, and shury reactors.

16645} Additionally or alternately, the present invention can include the

following embodiments.

16646} Embodiment 1. A hydrocracking process on a vacuum gasotl
feedstream being selective for distillate boiling range converted products and
vielding unconverted products useful as lubricants, which process comprises:
providing a vacuum gasoil feedstream having a nitrogen content of not greater
than about 50 wppm and a sulfur content of not greater than about 300 wppm;
hydrocracking the vacuum gasoil feedstream in a high-conversion hydrocracking
stage with a hydrogen-containing treat gas stream in the presence of a two-stage
catalyst system under effective hydrocracking conditions sufficient to attain a

conversion level of greater than 55%, so as to form a hydrocracked product; and
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scparating the hydrocracked product into a converted product having a boiling
range maximurn of about 700°F (about 371°C) and an unconverted product
having a boiling range minimurm of about 700°F {about 371°C), the converted
product having onc or more of a cetane mumber of at loast 43, a smoke point of at
least 20 mm, and a sulfur content of not greater than 12 wppm, the unconverted
product having one or roore of a viscosity index of at least 8(, a pour point of less
than 5°C, and a kinematic viscosity at about 100°C of at least 1 ¢8t, wherein the
two-stage catalyst system comprises (i) a USY catalyst containing platioum and/ot

ralladivm and (1) a £5M-4K catalyst containing platinum and/or palladiom.
{ . 3 £

(63471 Embodiment 2. The process of embodiment 1, wherein the vacuum
gasoil feedstream having a nitrogen coutent of not greater than about 50 wppm
and a sulfur content of not greater than about 300 wppw is formed by:
hydrotreating a crude oil portion having a sulfur content of at least about 1000
wppm and a nitrogen content of at least about 200 wppm with a hydrogen-
containing treat gas streaw in the prescuce of a hydrotreating catalyst under
effective hydrotreating conditions to form a hydrotreated product; hydrocracking
the hydrotreated product in a preliminary hydrocracking stage with a hydrogen-
containing treat gas stream in the presence of a preliminary hydrocracking catalyst
system under effective preliminary hydrocracking conditions sufficient to aftain a
conversion level of not more than 50%, so as to form a preliminary hydrocracked,
hydrotreated product; and separating the preliminary hydrocracked, hydrotreated
product into a preliminary converted product having a boiling range maximum of
about 700°F {about 371°C) and a preliminary unconverted product having a
boiling range minimum of about 700°F (about 371°C), such that the preliminary

unconverted product is the vacuum gasoil feedstream.

(0048} Embodiment 3. The process of any one of the previous embodiments,
wherein the hydrocracking conditions in the high-conversion hydrocracking stage

are sufficient to attain a conversion level from about 60% to about 95%.
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100649] Embodiment 4, The process of any one of the previous embodiments,
wherein the converted product from the high-conversion hydrocracking stage
exhibits a cetane number of at least 51 and a sulfur content of not greater than 10

Wppm.

16658] Ermbodiment 5. The process of any oue of the previous embodiments,
wheretn the unconverted product from the high-conversion hydrocracking stage
exhibits a viscosity index between R0 and 140 and/or wherein the uoconverted
product from the high-conversion hydrocracking stage exhibits a pour point of

less than -10°C and a kinematic viscosity at about 100°C of at least 2 ¢S¢

16651} Ermbodiment 6. The process of any oue of the previous embodiments,
wherein the two-stage catalyst systern of the high-conversion hydrocracking stage
consists essentially of a wixture of a USY catalyst loaded with frov about 0.1
wt% to about 3.0 wit platinum, based ou the weight of the USY catalyst, and a
ZSM-48 catalyst loaded with from about 0.1 wt% to about 3.0 wt% platinum,

based on the weight of the Z8M-4¥ catalyst.

[6652] Embodiment 7. The process of ¢laim 1, wherein the vacuum gasoil
feedstream has a nitrogen content of not greater than about 20 wppm and a sulfur

content of not greater than about 150 wppm.

16653} Embodiment 8. The process of any one of the previous embodiments,
wherein the effective hydrocracking conditions of the high-conversion
hydrocracking stage comprise a weight average bed temperature from about
SS50°F {about 288°C) to about 800°F (about 427°C), a total pressure from about
700 psig (about 4.8 MPag) to about 2000 psig (about 13.8 MPag), an LHSV from
about 0.1 hr™' to about 20 hr'’, and a hvdrogen treat gas rate from about 500

scf/bbi (about 85 Nm'/m’) to about 10000 scf/bb! (about 1700 Nm’/m™).
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16654} Embodiment 9. The process of any one of the previous embodiments,

wherein the converted product from the high-conversion hydrocracking stage has
a yicld of material botling in the range between 350°F (177°C) and 700°F (371°C)
of at least 35 wi%, based on the total weight of the converted product from the

high-couversion hydrocracking stage.

16655} Embodiment 10. The process of any one of embodiments 2-9,
wheretn the crude oil portion exhubits a sulfur content of at least about 10000

wppm and a nitrogen content of at least about 1000 wppm.

16656] Ermbodiment 11. The process of any one of embodiments 2-10,
wherein the hydrotreating catalyst comprises at least one Group VI wetal
selected from Ni, Co, and a combination thereof and at least one Group VIB metal
selected from Mo, W, and a combination thereof, optionally including a support
comprising alumina, silica, titaria, zirconia, or a combination thereof, and/or
wherein the hydrotreating conditions comprise a weight average bed temperature
frony about 550°F {about 28E°C) to about 800°F (about 427°C), a total pressure
from about 300 psig {(about 2.1 MPag} to about 3000 psig (about 20.7 MPag), an
LHSV from about 0.1 br™' to about 20 he™', and a hydrogen treat gas rate from
about 500 scf/bbl (about 85 Nm’/m’) to about 10000 scf/bbl (about 1700

Nm'/mr).

16657} Embodiment 12. The process of any one of embodiments 2-11,
wherein the preliminary hydrocracking catalyst comprises a zeolitic base selected
from zeolite Beta, zeolite X, zeolite Y, faujasite, ultrastable Y, dealuminized Y,
Mordenite, ZSM-3, ZSM-4, ZXM-18, ZS5M-20, Z8M-4K, and combinations
thereof, which base is leaded with either (i} a Group VI noble metal selected

from platinum and/or palladium or (ii} a Group VI non-noble metal selected
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from nickel, cobalt, iron, and combinations thereof, and a Group VIB metal

sclected from molybdenum and/or tungsten.

[6858] Embodiment 13. The process of any one of embodiments 2~12,
wheretn the effective hydrocracking conditions in the prelivminary hydrocracking
stage are sufficient to attain a couversion level from about 10% to about 43%
and/or comprise a weight average bed temperature from about 550°F (about
288°C) to about 800°F (about 427°C), a total pressure from about 700 psig (about
4.8 MPag) to about 2000 psig (about 13.8 MPag), an LHSV frora about 0.1 b to
about 20 hr™', and a hydrogen treat gas rate from about 500 scf/bbl (about 83

Nro'/m’) to about 10000 scf/bbl (about 1700 Nm'/fm),

16659] Ermbodiment 14. The process of any one of embodiments 2-13,
wherein the combination of the converted product from the high-conversion
hydrocracking stage and the converted product from the preliminary
hydrocracking stage collectively has a vield of material boiling in the range
between 350°F (177°C) and 700°F (371°C) of at least 50 wit's, based on the
combined weight of the converted products {rom both the preliminary

hydrocracking stage and the high-conversion hydrocracking stage.

[6068] Embodiment 15. A hydroprocessing process that is selective for
distiliate boiling range converted products and yielding unconverted products
useful as lubricants, which process comprises: hydrotreating a vacuum gasoil
feedstream having a sulfur content of at {east about 1000 wppm and a nitrogen
content of at least about 200 wppm with a hydrogen-containing treat gas stream in
the presence of a hydrotreating catalyst under effective hydrotreating conditions to
form a hydrotreated product; hydrocracking the hydrotreated product in a first
hydrocracking stage with a hydrogen-containing treat gas stream in the presence
of a first hydrocracking catalyst system under effective hydrocracking conditions

sufficient to attain a conversion level of not more than 50%, so as to form a first
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hydrocracked, hydrotreated product; separating the first hydrocracked,
hydrotreated product into a first converted product having a boiling range
maxirmum of about 700°F (about 371°C) and a first unconverted product having a
botling range minimum of about 700°F (about 371°C), the first converted product
having one or roore of a cetane number of at least 40, a smoke point of at least 19
mm, and a sulfur content of not greater than 20 wppm, the first unconverted
product having a nitrogen content of vot greater than about 50 wppr and a sulfur
content of not greater than about 300 wppry; hydrocracking the first unconverted
product in a second hydrocracking stage with a hydrogen-containing treat gas
stream tn the presence of a two-stage hydrocracking catalyst system under
effective hydrocracking conditions sufficient to atiain a conversion level of
greater than 55%, so as to form a second hydrotreated, hydrocracked product; and
separating the secound hydrotreated, hydrocracked product into a secoud converted
product having a boiling range maxiwoura of about 700°F (about 371°Cland a
second unconverted product having a boiling rasge minimum of about 700°F
{about 371°C), the second converted product having one or ruore of a cetane
number of at least 45, a smoke point of at least 20 mm, and a sulfur content of not
greater than 12 wppm, the second unconverted product having one or more of a
viscosity index of at least 80, a pour point of less than 5°C, and a kinematic
viscosity at about 100°C of at least 1 ¢St, wherein the two-stage hydrocracking
catalyst system comprises (i} a USY catalyst containing platinum and/or
palladium and (it} a ZSM-48 catalyst containing platinum and/or palladium, and
optionally wherein one or more of the following are satisfied: (a) the vacuum
gasoil feedstream exhibits a sulfur content of at least about 100060 wppm and a
nitrogen content of at least about 1000 wppm; (b) the hydrotreating catalyst
comprises at least one Group VI metal selected from Ni, Co, and a combination
thereof and at least one Group VIB metal selected from Mo, W, and a
combination thereof, optionally including a support comprising alumina, silica,
titania, zirconia, or a combination thereof; (¢} the hydrotreating conditions

comprise a weight average bed temperature from about 550°F (about 288°C) to
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about 800°F (about 427°C), a total pressure from about 300 psig (about 2.1 MPag)
to about 3000 psig (about 20.7 MPag), an LHSV from about 0.1 hr'' to about 20
hr!, and a hydrogen treat gas rate from about 500 scf/bbl (about 85 Nm’/nt') to
about 10000 scf/bbl (about 1700 Nm'/m’}; (d) the first hydrocracking catalyst
compriscs a zeolitic base selected from zeolite Beta, zeolite X, zeolite Y, fawjasiie,
uitrastable Y, dealuminized Y, Mordenite, ZSM-3, Z8M-4, ZSM-1R, ZSM-28,
Z5M-48, and combinations thereof, which base is loaded with either (1) a Group
Vil noble metal selected frovo plativum and/or palladium or (i) a Group VI
non-noble metal selected from nickel, cobalt, iron, and combinations thereof, and
a Group VIB metal selected from rolybdenum and/or tungsten; (e} the
hydrocracking conditions in the first hydrocracking stage are sufficient to attain a
conversion level from about 10% to about 45%; (f) the effective hydrocracking
conditions of the preliminary hydrocracking stage comprise a weight average bed
temperature from about S50°F (about 288°C) to about 8007F (about 427°C), a
total pressure from about 700 psig (about 4.8 MPag) to about 2000 psig {(about
13XPﬁP&ﬁ,maLHSVihnndxmt&lhfubabmﬂ20hf%andahy&ngmmﬁmﬁ
gas rate frorn about 500 sct/bbl {(about 85 Nm’/m’) to about 10000 scf/bbl (about
1700 Nrm}/nf); (g} the fivst unconverted product has a nitrogen content of not
greater than about 20 wppm and a sulfur content of not greater than about 150
wppm; (I} the hvdrocracking conditions in the second hydrocracking stage are
sufficient to attain a conversion level from about 60% to about 95%; (i) the
converted product from the second hydrocracking stage exhibits a cetane number
of at feast 51 and a sulfur content of not greater than 10 wppm; (§) the unconverted
product from the second hydrocracking stage exhibits a viscosity index between
&0 and 140; (k} the unconverted product from the second hydrocracking stage
exhibits a pour point of less than -10°C, and a kinematic viscosity at about 100°C
of at least 2 ¢St; (1} the two-stage catalyst system of the second hydrocracking
stage consists essentially of a mixture of a USY catalyst loaded with from about
0.1 wt% to about 3.0 wt% platinum, based on the weight of the USY catalyst, and

a ZSM-48 catalyst loaded with from about 0.1 wt% to about 3.0 wt% platinum,
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basced on the weight of the ZSM-48 catalyst; (im) the effective hydrocracking
conditions of the second hydrocracking stage comprise a weight average bed
termperature from about S50°F (about 288°C) to about S00°F (about 427°C), a
total pressure from about 700 psig (about 4.8 MPag) to about 2000 psig (about
13.8 MPag), an LHSV frors about 0.1 b to about 20 hr'', and a hydrogen treat
gas rate from about 500 scf/obi (about 85 Nm™/m’) to about 10000 scf/bbl (about
1700 Nm'/m'y; (n) the converted product from the second hydrocracking stage has
a vield of moaterial boiing in the range between 330°F (177°C) and 700°F (371°C)
of at least 35 wi%, based on the total weight of the converted product from the
second hydrocracking stage; and (o) the combination of the converted product
from the gh-conversion hydrocracking stage and the converted product from the
prelimainary hydrocracking stage collectively has a yvield of material botling in the
range between 350°F (177°C) and 700°F (371°C) of at least 50 wi%, based on the
combined weight of the converted products {rora both the preliminary

hydrocracking stage and the high-conversion hydrocracking stage.

EXAMPLES

Example 1

[6661]  In Example 1, a vacuum gasoil was provided to a two-stage untt, the
first stage of which was loaded with a commercially available alumina-supported
Group VIB/Group VI {e.g., NiMo} hydrotreating catalyst and the second stage
of which was loaded with more of the same commercially available alumina-
supported Group VIB/Group VIH {e.g., NiMe) hydrotreating catalyst, followed by
a commercially available Group VIII- {e.g., Pt- and/or Pd-} loaded USY
hydrocracking catalyst. The ratio of hydrotreating to hydrocracking catalyst was
from about 40/60 to about R/20, respectively. In the two-stage unit, the vacuum
gasoil was both hydrotreated to remove most {e.g., at least 99% by weight, and

preferably at least 99.9% by weight) of the sulfur content {e.g., hydrotreating
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conditions included a WABT between about 600°F and 830°F, a total pressure
from about 500 psig to about 3000 psig, a hydrogen partial pressure from about
300 psig to about 3000 psig, a hydrogen treat gas rate from about 500 sct/bbl to
about 5000 scf/bbl, and an LHSV frorm about 0.2 hr™! to about 10 hr'') and
hydrocracked at relatively low {e.g., up to about 50%) conversion conditions {e.g.,
approximately the same as the hydrotreating conditions hereinabove). The
product from the two-stage unit was sent to a separation stage, where converted
products (such as a diesel cut, a kerosene cut, and other light ends) were separated
out from the remainder of the unconverted products {which still had a vacuam
gasoil boiling range), which were then diverted as a hydrotreated, hydrocracked
vacuum gasoil feedstream (details in Table 1 below) to a further relatively high-

conversion hydrocracking stage according to the invention,

Table 1
Hydrotreated, Hydrocracked VGO Feedstream
APY gravity 335
Sulfur, wppm 214
Nitrogen, wppm 19
Kinematic Viscosity (@~40°C, e5t 22.65
Kinematic Viscosity @~188°C, ¢St 4.62
Pour Point, °FC) 3434y
Pstillation (ASTM D2887)
TH.5, °F(CC) 361294y
TS, “FCy 647(342)
118, "F(°C) 685(363)
128, “F{°C) 732{389)
T3, “FCC) T66{408)
T4, °F(CC) 794(423)
T, F B19(437)
168, °F (Y B8435(452)
178, °F(°() 871(466)
T8, °F(°C) 901(483)
T84, "F(°C) 341(505)
198, “F{°C) 973(523)
T99.5, °¥(°Cy 1051{566)
2+ Ring Aromatics, mmol/kg 335.7
3+ Ring Aromatics, mumelkg 169.4
Total Aromatics, mmel/kg 661.3
H, Content, mass¥% 13.5

180621 In this second hydrocracking stage, two ~100 em’ pilot units {with no
. o . o 2
intermediate degassing) were charged with about 67 cmv of a catalyst system

comprising a Pt-loaded ZSM-~48 combined 1:1 by volume with a ceramic filler
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medium {e.g., 13/45 mesh Denstone®, commercially avatlable from Saint-Gobain
Norpro of Stow, Ohic}, followed by about 133 em’ (~33 em’ in the first unit, and
the romainder in the second unit) of a catalyst systern comprising a Pt-loaded
USY catalyst combined 1:1 by volume with a ceramic filler medium {e.g., 13/45
mesh Deustone®, commercially available from Saint-Gobain Novpro of Stow,
Ohio). The first stage pilot unit was operated in an upflow condition, and the
second stage pilot unit was operated in a downflow condition.
Reduction/Sulfiding of the catalysis in the second hydrocracking stage, as
necessary priot to contacting with the hydrotreated, hydrocracked vacuum gasoil
feedstream, was/were done using hydrogen gas comprising about 400 vpprm H, 8

at about 350°F {about 177°C).

16663} The hydrotreated, hvdrocracked vacuum gasotl feedstream was
contacted with the catalysts in the second hydrocracking stage at a total pressure
of about 1250 psig {(about 8.6 MPag), an LHSV of about 1.0 b, a hydrogeun treat
gas rate of about 4000 scf/bbl (about 680 Nm'/m’) of ~100% H,, and a
temperature (WABT) vanging from about 600°F (about 316°C} to about 690°F
{about 366°C). About 30-35% conversion of the feed was attained at a
temperature of about 630°F (about 343°C); about 90% conversion of the feed was
attained at a temperature of about 670°F (about 354°C); and about 95-97%
conversion of the feed was attained at a temperature of about 690°F {about
366°C). Temperatures were further tweaked between about 650°F (about 343°C)
and about 670°F (about 354°C) to attain approximately 65% conversion and
approximately 45% conversion. Detailed analyses of the ~35%, ~65%, and ~80%

conversion products are shown in Tables 2-4 below, respectively.
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Table 2
~35% Conversion Cuti Cutl Cut3 Cut 4 Cut§
Case {~300°F-) {300-400°F) | (408-53530°F) | (330-TO0°E) | (~TH0°F+)
AP gravity 60.8 49.4 43.8 40.5 37.4
Drensity@~15°C, gicc 0.838
Sulfur, wppm 1.6 3 7.1
Nitrogen, wppm 1
Cloud Foint, °C 11 227
Four Poiat, °C
Smoke Polnt, mm 21
Cetane Number (IR} 57.8 65.9 18
MON (motor octane)} 61.7 553
RON (road octane} 56.1 50.7
Viscosity, o5t 5.06
Kinematic Viscosity 24.08
@~48°C, ¢St
Kinematic Viscosity 4.96
@~188°C, ¢St
Viscosity Index 1345
Table 3
~65% Conversion Cut i Cut 2 Cutd Cut 4 Cut s
Case {~-308°F-) 380-400°F) | (488-350°1) | (350-THI°E) | (~T88°FH)

AP gravity 60.2 50.6 46.1 42.3 37.2
Density@~13°C, glee $3.839
Sulfur, wppm { L 9.2
Nitrogen, wppm
Cloud Point, °C -12.7 12.5
Pour Point, °C K
Smeke Point, mum 21
Cetane Number (IR} 58.8 65.9
MON (motor octane) 59.7 52.5
RON {road octane) 54.6 45 8
Viscosity, ¢St 5.01
Kinematic Viscosity 2438
@~48°C, ¢St
Kinematic Viscosity 4.91
@~198°C, et
Viscosily Index 127.4
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Table 4
~96% Conversion Cut i Cut 2 Cut3 Cut4 Cut§
Case {(~306°F-) {363-4006°8) | (488-550°1) | (B54-THG° | (HTCEH)

API gravity 621 52.3 48.9 447 33.9
Breasity@~158°C, g/ce 0.836
Sulfur, wppm i 1 18.5
Nifregen, wppm 1
Cloud Point, °C -21
Four Point, °C -37
Smoke Point, mm 20
Cetane Number (IR} 587 65.3
MON (motor pctane} 572 48.7
RON (road octane) 533 46.5
Viscosity, ¢St 6.01
Kinematic Viscosity 3530
@~489°C, ¢St
Kinematic Viscosity 5.85
@~189°C, oSt
Viscosity Index 107.3

160664} The principles and modes of operation of this thvention have been
described above with reference to various exemplary and preferred embodiments.
As understood by those of skill in the art, the overall invention, as defined by the
claims, encompasses other preferred embodiments not specifically enumerated

herein.
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CLAIMS:
L. A hydrocracking process on a vacuum gasoil feedstrear being

sclective for distillate boiling range converted products and vielding unconverted
products useful as tubricants, which process comprises:

providing a vacuuru gasoil {feedstream having a nitrogen content of not
greater than about 30 wppw and a sulfur content of not greater than about 300
WP

hydrocracking the vacuurn gasoil feedstream in a high-conversion
hydrocracking stage with a hydrogen-countaining treat gas stream in the presence
of a two-stage catalyst systew under effective hydrocracking conditions sufficient
to atiain a conversion level of greater than 55%, so as to form a hydrocracked
product; and

separating the hydrocracked product into a converted product having a
botling range maximum of about 700°F (about 371°C) and an unconverted
product having a boiling range munimumn of about 700°F (about 371°C), the
converted product having one or more of a cetane number of at least 45, a smoke
point of at least 20 mm, and a sulfur content of not greater than 12 wppm, the
unconverted product having one or more of a viscosity index of at least 80, a pour
point of less than 5°C, and a kinematic viscosity at about 100°C of at least 1 ¢8¢,

wherein the two-stage catalyst system comprises (1) a USY catalyst
containing a Group VI noble metal selected from platinum, palladium, and
combinations thereof and (i) a ZSM-48 catalyst containing a Group VHI noble

metal selected from platinum, palladium, and combinations thereof.

2. The process of claim 1, wherein the vacuum gaseil feedstream
having a nitrogen content of not greater than about 56 wppm and a sulfur content
of not greater than about 300 wppm is formed by:

hydrotreating a crude otl portion having a sulfur content of at least about

1000 wppm and a nitrogen content of at least about 200 wppm with a hydrogen-



, - .,5,30 5.85 107.3 100641The principles and nodes of operation of this
i nventi on have been descri bed above with reference to various exenplary and
pr ef er r edworzhodisowat s. As understood by those of skill PATIUSR01A052474 he
overall invention, as defined by the clainms, enconpasses other preferred
enbodi nents not specifically enunegated herein. -30- CLAI M5 1. A
hydr ocr acki ng process on a vacuum gasoi |l feedstream being sel ective for
distillate boiling range converted products and yi el di ng unconverted
products useful as lubricants, which process conprises: providing a
vacuum gasoibnieedsteagns Hesrimg the piseogad agudt@nrtiog ceelysigrelat er t han

about 50 wi pprn.and a sulfur content of not greater than about 300 wppm
1. Tydr ocr ackl g LHe G 53801 St PEdR FRL PRiGR  conver si on
hydrocracki ng st aggowatilind iidiiegent QonbalNing ptdRahagasdfdkeamd n the
presence of a two-stage catal yst system under effective hydrocracking

condi ti ons s@gé Meibentydregcattominniag coavesshioanlietel profengs ebt erclinhany55% so

as to fonn der guct'

hydrocracked product: .and. . . separating the hydrocracked
o ot e By eRRe LA GNP RS e s el RS ket of about

700F (about (3G dbniibcanver dedeRindeed ohavi AgraanRobbdong, £00e m ni num
of about 700F (about 371C), the converted product having one or nore of a

cet ane nunbéprupt prtintipasthvdscrakstokergoiamd ropdust; dndast 20 'mm and a

sul fur content of not. greater than,12 wop he unconverted. product having
one or more of aneusetRehE g pide PR MG SRR e B eset han
5C, and a KipnemBhh§ ohs&asi inpd@dh habeut thAAG BhgdakRagh ot abslt,700°F

wherein the two-stage catalyst system conprises (i) a USY catal yst
cont ai ni ng &t@ubdp! U lend pobt enimetyalnosel @ergdofucd mpharibedme pagd adi um  and

conbi nations .t hereof. and. (i), a ZSN.-48 ca %}_st ontaining a G.oup VIII
robl e et ol TUBPGLE ShoRHEAPh e Pal ol Rur b HEne B Pa e b er cor

2. The processivef is¢halMulm WREN elddst-hey vacuum gasoi | feedstream having a
nitrogen content of not greater than about 50 v,ippmand a sul fur content

of not greater than about 300 wppmis fornmed by:
3. The process of claim 1, wheren the hydrocracking conditions in the high-
conversion hydrocracking stage ave sufficient to attain a conversion level from

about 60% to about 95%.

4. The process of claim 1, wherein the converted product from the high-
conversion hydrocracking stage exhibits a cetane number of at least 51 and a

sulfur content of not greater than 10 wppm.

5. The process of claim 1, wherein the unconverted product from the high-

conversion hydrocracking stage exhibits a viscosity index between 80 and 140,

o. The process of claim 1, wherein the unconverted product from the high-
conversion hydrocracking stage exhibits a pour point of less than -10°C and a

kinematic viscosity at about 100°C of at least 2 ¢St

7. The process of claim 1, wherein the two-stage catalyst system of the high-

conversion hydrocracking stage consists essentially of a mixture of a USY



hydrotreating a crude oil portion having a sulfur content of at |east about
1000 wppm and a nitrogen content of at |east about 200 wopmw th a

hydr ogen-woO-28R/i50T865ai ni ng treat gas streamin the preseRCE/USR01a/052470
hydrotreati ng catal yst under effective hydrotreating conditions to forma
hydr ot reat ed product; hydroggﬁpking the hydrotreated product in a
prelimnary hydrocracking stage with a hydrogen-containing treat gas stream
in the presence of a prelimnary hydrocracking catal yst system under
effective prelimnary hydrocracking conditions sufficient to attain a
conversi on kewbist pbdabyithbios: tvam 0509470 soalasi 868 ¥ Or madinpre biswwidmartje

l'iydrocracked, .hydrotreated, prodyct;..and . . .separating the l'i m nary
hydrocracke&?hﬁ§§f Gﬁég?éﬁMH%&&ﬁgﬁiﬁﬂgﬁg%“%ﬁgfﬁ%ﬁﬁgﬁvﬁhgﬁ@éﬁngigroduct
having a boiytng Hangee Rax fukeh, BRedbn R0k (rauLe BILCrs andiya. prel i m nary
unconverted product having a boiling range m ni mum of about 730F (about 37
PC), such that the prelimnary unconverted product is the vacuum gasoi
feedstream , 3. The process,of claim.1.. wherein the.hydrocracking

condi 1 ons. £n_t herPRRCE RS G Mt el GGG E5LRRS CPent to
attain a cORuRgheBnkeN& ndt bRMAB 180000 AppRolil S&Wur cdutedg nf OCess of
claim1, wherein the converted product fromthe high-conversion

hydr ocr acki stpabtdlge abehf bid wppcet ane nunber of at |east 51 and a sul fur
content of not greater than 10 wopm 5. The process of claim1l, wherein

t he unconverted product fromthe high-conversion hydrocracking stage
exhibits a vl sCO$hé ProcBAdax cREMVE M B0n antl48ve nRirodREKIRL 068EE0®f ofcl @i m 1,
wherein the unconverted product fromthe high-conversion hydrocracking

st age exhi bittshigb-gourerpoi hydiotrackisg stagagompO® angight kiverepabit viscosity at

about 100C of at least 2,cSt...of... the.brocess, of aml erein the
Evo st age cSTYREREepahiBr s L g2 RE 5 Sndh shh 3 Bepuck bR el age
consi sts ess@atiadshie Pbmabplx1on B ©fabaulUSY MPaB 2 salabyst piig@gmtwi th from

about 0,1 wt%to about 3.0 wt% platinum based on the weight of the USY
cat al yst, and-%aviZsph 48LEkt’afipstatiophdédrwite it dthhabeat! adiytragestiteet about 3. 0

o8Pt o ol SR By G 10, SR s B R 003,

not greatergvgamﬁ@h9$t 20 wppm and a sul fur content of not greater than
about 150 wpm 9. The process of claim1l, wherein the effective
hydr ocr acki ng condi ti ons of the hi gh-conversion hydrocracki ng stage
conprise a i ght., aver age .bed tenperature from about 550F . .(about 288C) to
Sbout | 8007 (bauthabe e oratim o Mieras firent R R0 300 BT E about 4. 8
MPag) to abetv2d0RLpsbeatrbeutaed BaBa MRRE) maRalDbodNod oMb akboet 0.1 hr-1 to
about 20 hr-1, and a hydrogen treat gas rate from about 500 scfbbl (about
85 Nrd/rd) tetvasoudtT0000°scd1dBI0 f about ) vy o0l mae, based on the total

weight of the converted product from the high-conversion hydrocracking stage.

11, The process of claim 2, wherein the crude oil portion exhibits a sulfur
content of at least about 10000 wppm and a nitrogen content of at least about

1000 wppm.

12, The process of claim 2, wherein the hydrotreating catalyst comprises at
fcast one Group VI metal selected from Ni, Co, and a combination therecof, and

at least one Group VIB metal selected from Mo, W, and a combination thereof.



10, The process of claim1l, wherein the converted product fromthe high-
conversi on hydrocracking stage has a yield of material boiling in the range
bet ween 3BOR0(210306F and 700F (371"C) of at |east 35 w ¥%PChasedi10m4vhe t ot al
wei ght of the converted product fromthe high-conversion hydrocracking
stage. 11. The process of claim 2;,wherein the crude oil portion exhibits
a sulfur content of at |east about 10000 wppin and a nitrogen content of at
| east about 1000 wppm 12. The process of claim2, wherein the
hydrotreatng catal yst conprises at |east one Goup VIII netal selected from
Ni, Co, and!3 cobé paciomitchendss whareh die Hydedteabne caplysipcoutanyet al

sel ected from Mp, Q;[/\#,and a conbi\.rg.aj[itgn thereof. -- 3§. 1§ T%)e Q{)rfocess of
claim 12, whEHE T YHE W BBt iy EaT A TSP EoRt AP HEP G UPPEI® conpri si ng
alumina, silica, titania, zirconia, or a conbination thereof. 14.The

process of claim2, wherein the hydrotreating conditions conprise a weight
aver age bed l#enpéhapucessfaf ominbouthesB0 Fe(fatoriteap88 Opndivortboutpr800F (about

427C), a total .pressure from about. 300, psi.g.{about 2.1 -MPa ~about 3000
Sato (about "3t eRRRgS e PRG iR B R o B8Rk 26 MRt e . ana
a hydrogen t4Rat 4088 alalforamabauh «560 386fkRkbéakout 83 Ni/B) to about

10000 scfibbl (about 1700 Nin3/rn.1-. 15 The process of claim?2, wherein
t he prelim AEPYpHydrtowt aBKivijeatal st compibises ! arzevtianl é0 basendel ect ed

deal ur ni zeB FoeRbp bt oo FertRg 58 it SNl i35 B3I and

combi nat i ongcdhgr ek 1 YU sh'hase is loaded with either (i) a Goup VIII
nobl e nmetal selected fromplatinum palladium and conbinations thereof or
(ii) a Goup VIII non-noble netal selected fromnickel, cobalt, iron, and

combi nati ong thereof , and_.a, Goup.VIB netal,. sel ected from nol ybdenum and
Cungston. 18 ThE: prseesd Theh A THEr b Bk g SUPRRG cond t 1 ons
in the prel icAnPaty hANOE baGKi:RYIAGE za8 e B LEJIRAK LoviAt baklljdite,
conversion |evel fromabout 10%to about 45% 17. TthMpr ocess of claim 2,
wher ei n t he ubifadsebld Veddspdrivered ckiMerdtuico WM 130 AS Mot LHit-pr.elSMiXar y

hydr ocr acki r t.age conpr.ise a wei ght,average ;bed .t enperat uxe from about
S50 (about 23850 e SRuE B Fatott IR R B S S EL LA PPE I abou
700 psi g (ahgutnebiBmMBamicd& 8BOUHAZR00 REL8 ARS8 Ml reops LHSV
fromabout 0.1 hr-1 to about 20 hr-1, and a hydrogen treat gas rate from
about 500 séfi)bbroypabdlnedsobiNirgdtimgiected fatvontcke 00 isobnbbid (about 1700
N8/ mg). - %gﬁlbmaﬁm}s thereof, and a Group VIB metal selected from molybdenum and

fungsten.

16, The process of claim 2, wherein the hydrocracking conditions in the
preliminary hydrocracking stage are sufficient to attain a conversion level from

about 10% to about 45%,.

17.  The process of claim 2, wherein the effective hydrocracking conditions of
the preliminary hvdrocracking stage comprise a weight average bed temperature
from about 550°F (about 288°C} to about 800°F (about 427°C), a total pressure
from about 700 psig (about 4.8 MPag} to about 2000 psig (about 13.8 MPag), an
LHSV from about 0.1 hr'' to about 20 hr'’, and a hydrogen treat gas rate from
about 500 scf/bbl (about 85 Nm’/m’) to about 10000 scf/bbl (about 1700

Nm/m7).



18, The process of claim2, wherein the conbination of the converted product
fromthe high-conversion hydrocracki ng stage and the converted product from
t he prel iwDrzaryosbiedr ocr acki ng stage col l ectively has a ycelus2afi/onmveri al
boiling in the range between 350F (177C) and 700F (371C) of at |east 50
wt % based on the conbined weight of the converted products fromboth the
prelimnary hydrocracki ng stage and the hi gh-conversi on hydrocracki ng

st age.

18, The process of claim 2, wherein the combination of the converted product
from the high-conversion hydrocracking stage and the converted product from the
preliminary hydrocracking stage collectively has a yield of material botling in the
range between 350°F (177°C) and 700°F (371°C) of at least 50 wi%, based on the
combined weight of the converted products {rom both the preliminary

hydrocracking stage and the high-conversion hydrocracking stage.



