HYDROCRACKI NG PROCESS SELECTI VE FOR | MPROVED DI STI LL. ND : | MPROVED LUBE

YI ELD AND PROPERTI ES FI ELD OF THE | NVENTI ON 100011This invention relates to
a process invglving hydrocracking of a feedstrearn in i verted
fraction can g?ﬁ?ﬁﬂﬂ”%blatively high distillate producrnﬁﬁgpgg%gﬁﬁﬁ
mai nt ai ned or inproved distillate fuel properties, while an unconverted
fraction can exhibit inproved propertlies particularly useful in the

| ubri cant area. BACKGROUND OF THE | NVENTI ON 100021Hydr ocr acki ng of

rel atively high boiling point hydrocarbons, such as atnospheric and vacuum
gasoil cuts from crudeROCRASKHen FRAIIBPSdenECTOVE b INIRRGNEPt ed product
havi ng a nore usef uRISIGLLARG ADGP MEPROVEDHALLE Y ddhADE PREHoRIant |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
hydr oer acki ng comigr OSFAME BO/BNIEON he hi gher boiling point hydrocarbons are
not cracked too much, as higher conversions typically generate increasing
gquantities of material boiling in the ranges bel ow napht ha, which | ow

boi I'i ng mat eri akegbends TE int-entibe rak8esao ApRIceds aboyitSietitdcraaBing bea f uel

conposi tions. 1Q0031Additjonally, |ow conversions alspo leaye. behind higher
quantities of h‘ﬁg’%3%6?Pk%gaf%ﬁﬁ@“ﬁ@%ﬁ8%d?ﬁ%h@“fﬂ%ﬁ“§§ﬁ§5¥“ﬁgmhsed as

fuel s and, that pfegnd vicishay apedicdpr BResidiestliar fuseropatisychiiagpl i cati ons
as lubricants, wthout further significan procgssing steps. .Sych steps can
add conpl exi ty HFEEEEE TPg cgEan PP WP VES ERP BT RSB HERWBE E%hi gher
boi | i ng range hygdregarbons, and options such as coking for such

hydr ocarbons can offer relatively marginal return on investnent.

100041i ndeed, there are many patent publications that disclose
hydr ocr acki ng pracesses fornmattaimipgTgeed fuel s properties, and al so for
attai ning good tubes properties. A non-exclusive |ist of such publications
i ncludes, for exanple, U'S, Patent Nos, 5,282,958, 5,953,414, 6,413.412,
6,652, 735, 6, 725p889, A1fildaR4By of r2b 180 b%ﬂgaqgoi% PQQbokl, SuchPat ent
Appl i cation Publication Nos. 2083/0085154, 2004f 050753, 2004/0118744, and
2009/ 0166256, afitoBlropERh 2PHe FsCNeYs TomeAgic 886 gt dly 7ans iggqim 2
LQSgg:—Nevert hel g88erdalp- R v BE 1083E LRRN 8oilify hbiRdsALATPGRSS 1N Which a

i

predominantly used in any onc or more of a varicty of fucls, such as naphtha
{motor gasoline), jet fuck, kerosene, diesel, and the ke, Usually, however, the
hydrocracking reaction is run st relatively low severity or relatively low
hydrocracking conversion, so that the higher boiling point hydrocarbons are not
cracked too much, as higher conversious typically generate increasing quantities
of material boiling in the ranges below naphtha, which low boiling material tends

not to be as commercially nseful as the fuel compositions.

19003} Additionally, low conversions also leave behind higher quantities of
higher boiling range hydrocarbons that canmot be used as fuels and that tend to
have poor properties for use in such applications as lubricants, without further
significant processing steps. Such steps can add complexity and cost to dealing

with such otherwise unusable higher boiling range hydrocarbons, and options



boi i ng poi nt hydrocarbon, such as a vacuum gasoil, can be hydroprocessed
(hydr ocr acked) to all ow beneficial use of the converted portion in fuels
conposi tions ﬁquLtaneously beneficial use of the UNGAMSES 54 but
still treated por ion in |ubricant conpositions. O partrcu I'nt'er est
are processes in which the yield of nore val uable fuels, such as di esel at
this point, can be maxi m zed through~h|gher hydrocracklng conver si ons

wi t hout sacrificing usability of the unconverted hydrocarbons for other
val uabl e applications, such as lubricants. The processes of the present
invention are detdis eckihz foeiurhéhdwrarSUNNMARYCORITIMELY NVENT I ON1(c@006) One
aspect of this invention relates to a process for hydroproeessing heavy
feed, such as a vacuunrgasorl (V0O0) feed, that can be selective for
drstrllate boi l i ng range converted products and vyi el di ng unconverted
products usef ul ubri cant inve . Ss._can conprise: (a)
hydr ot reating va cuu*1g %gﬁglgﬁaailtﬁggdbﬁ Egﬁuxggggﬁﬁﬁranntent of at |east
about 1000 mppnﬁahdxaknvtmmgamsnmamemb(gmxaudteaemf@m@umuﬁﬂﬁamppmumnth a
e ot ol G, ALSRRS, SHEERMN ey BLESERERRL. Auar gl reat no
hydr ot r eat ed pr odigtc, t(*b)l)ateyrdrmcﬁ ae:l@&aegw %hetmydtmmeaﬁen Pr edueesd, n a

first hydrocrack n fa d ggn- as. streamin
t he presence of 9>§3t§§§§h SVaC%X’g% % VﬁtPg“ﬂgéﬁgﬁﬁdé'm Yective

hydr ocr acki ng CQ@Im IR ONS, HNEE AL 20 {satq"ar Jand 2@ ensisomd arve@leaof not
nore than 50% so r.st. hydrocracked, hydrotreated product;
(c) separating ?ﬁ@“ *“ét&ﬁvgkdﬁ$gé?bﬁﬂ hydrotreated product into a first
converted product havrng a boiling range nmaxi mum of about 700F (about 371C)

and a first unc rt rodyct .havin range mnini mum of about
700F (about 3718@% 3\‘%) FeR tga?ﬂarﬁwe at\f’“”%gb‘*dﬁ 5P A€ of a
eetane nunber ofoiBke é(ﬁt@S}gdi%@u(%J“Dﬁmﬁ)ﬁi@nplkﬁumarﬁt\dtE@@ﬁ‘tt‘se‘&@)iﬂpﬁcﬁmke poi nt of
at least 19 mm and a sulfur content of not rueakﬁr than 20 wom the first
unconverted pr odWERCREFHHY SHOHIPERGgBRE Shite RPN GFe Eﬁﬂ@reér%% t han about 50

wppm and a sul f i Gemntentnd @fueeodi fatRfichinNab o AhEULcod0Qied (MPRIM;  (d)
hydrocracking the first unconverted product in a second hydrocracking stage

with a hydrogen?@&it BHPhE Hheaet @@é@oetfrréaw PHUEHE 'PFESSHcdO6reeain wo- st age
hydr ocracki ng cahah }h%t; i SY SN VRdaN. stfecti veihydracs ackd g rgondi tions
sufficient to attain conversion | evel of greater than 55@@ so as to form
a second hydr ot ‘F‘é‘at“é?’(ﬁd R deThaC RSP dE ebvestiaS FENO¥ ¥5a A Eng t he second
hydrotreated, hydsoeracikat -freduclydidt. SeendacanY arligdidt aduct having a
boi I i ng range maxi mum of about 700F (about 371C) and a second unconverted
product havi ng @b%ﬁﬁhrﬁbCW&ﬁ@eﬁhﬁﬁﬁﬁﬂhﬁéﬁﬂaﬁﬁutﬂq@@Fkéﬁﬁe@?dsvl"C3 t he
second converted product having one or nore of a c-tane nunber of at | east
40 (for exanple, at |east 45) a snoke point of at least 19 mm (for exanple
at least 20 nn)%UﬂhHUaY&ﬁtfu&f*ﬁh@ehfﬁof not greater than 20 ',NT p (for
exanpl e, not greater than 12 wpm, the second unconverted product havi ng
one or nore of a viscosity index of at |east 80, a pour point of |ess than
5C (for exanpl éftddss thans@O)of tandventieh ndiet oe csdel hylraprocatsongts 100C of
at least 1 cSt l.e Ciob ntageQu the
t wo- st age hydro%%ﬁ%&%ﬁgngaggxaém s%§&§#f§%ﬁ§%%ﬁﬁé9§§ EQ%&Q 3%Y cat al yst

cont ai ni ng pIaﬁhﬁuh%&ndmermwakhadnuhvaﬁdﬁ@md)mahzswk¢8teatmhvstscontalnlng
pl ati num and/ or, Lar Li%q}ttx Such an rrgr\ggt lﬁ@e%&x vclEL&%P tqfh Ihf(‘g LSyl msz ention

rel ates nore broa process hﬁdro roce551n héav ? , such as
a vacuuntgasorI%ﬁWﬁ%@%oﬁeedymvmaeﬂeammbérseﬁeebtwev$bﬁodﬂ§ﬂ®h®ame boi l'i ng
{389?C2ﬁPZergﬁgﬂ an§%45%§%uer§umﬁa mEQ§82ge&R§9wﬁ%§d§E%t%t3?%%5 gsvacuum
gasoi | feedstrean1$mvtm@watmnﬁw@genﬁe@m&enmumgtmdbwgmeamemAWhan about 50
wppm and a sul fur content of not greater than about 300 wppm (i)

hydr ocracki ng the vacuum gasoil feedstreamin a high-conversion

hydr ocracki ng stage with a hydrogen-containing treat gas streamin the
presence of a two-stage catal yst system under effective hydrocracking
conditions sufficient to attain a conversion |level of greater than 55% so
as to .forin a hydrocracked product; and (iii) separating the hydrocracked
product into a converted product having a boiling range maxi num of about
700F (about 371C) and an unconverted product having a boiling range m ni num
of about 700F (about 371C), the converted product having one or nore of a
octane nunber of at |east 40 (for exanple at |east 45), a snoke point of at
| east 19 nm (for exanple, at least 20 mm), and a sul fur content of not
greater than 20 wpprn (for exanple not greater than 12 Wp- pn) the
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containing treat gas streamin the presence of a kydrotreating catal yst
under effective hydrotreating conditions to forma hydrotreated product;
(q) hydrocracﬁkﬂgn Qg.hydrotreated product in a prellnlqﬂﬁ%mgxgﬁggﬁacklng
stage with a rogen-containing treat gas streamin the presence
prelimnary hydrocracklng cat al yst systen1under effectlve prellnlnary
hydr ocracki ng condi ti ons sufficient ‘)5 attain a conversion level of not
nore than 50% so as to forma prelimnary hydrocraeked, hydrotreated
product; and (r) separating the prelimnary hydrocracked, hydrotreated
product into a prébiwiinargdsonyveritet hprgduest phdving) hvdseirtdkng thange

maxi mum of about,, . I4 LR pr oduct
havi ng a b0|I|nkv?gﬁgghﬁfﬁﬁghgﬁkﬁ%ﬁaﬂgoﬁg97%%#§%n?aﬁ%§ggggfﬁaﬁgﬂ%h an
enbodi nment , theapﬁehaMmmanwdmmcﬁﬂwepfeﬂmﬁﬁdductRMagnﬂsﬁ@pﬂﬁmymkan t hus
constitute the yacl feedstream.of as y ous to the
first unconverte@ Llf,lzlﬂlmd% mad«m wn (10:35 »biixamrtsw aipdz( ZCH?,H LO_F% as%r egm to the
second hydrocra®bnﬁ@apﬂbeessxkﬂﬂsmebn(m%hmiﬁ@@gmyhmﬁwﬁﬁemmhspeﬂt of the

i nvention, the hi HEmﬂpv be the §econd

hydr ocr aCkl ng Sf% a%¥%§ 1H ?] I&%t‘(??lﬁ(%lt()gwﬂigspt‘iﬁiﬁi Eeit’}&) ﬂ. TkOY}\’E’:’?c‘:

stages. DEL, ED DESCRﬁé g‘iﬂﬁv%rm!\‘/g%mﬁ%/dr%ﬂer?m% Qi »%(}U%Y)Qfm %%% Ous' y, the

f eedst r eam ent eFF g 1 g:" st'agk t he second
hydr ocr acki ng SBE@E)chEtthwﬁ%abwhalmhﬁnjﬁ&ﬁkvuﬂﬁ@ﬂm@ﬁh&ﬁwﬂh@dﬂ@t or the

il th {s t t h
2 i 17 ogen cont GRT B SHO " BHeALER [N MBoaL 50 W (1 OP EXant Bnot

greater than ab&ui’zeaﬂﬁt A0 PRt iy .gr*e@irﬂﬁ'h& {haﬂnﬁ&ﬁddt’fcaﬁgﬁu&mpmnd},ﬂi greater

t han about 25 wprir not greater t han g *é : not? reater t han
about 1.5 wppm %F”ﬁﬁ?”@?%%ﬁ%&”tﬁ%ﬁ“ﬁﬁ ot Gtﬂﬁyﬁﬁ éﬂa’éw' MSUlMftur cont ent
of not great gl’ T.;rhaﬂrE%Qﬁbgzﬁﬁ%‘ﬁmﬁm(gf}a%mﬁxmiﬁe fﬂO&m@ﬁ\%&E‘-@ﬁuﬁmg about2 200
-Wppm  not greater than about 15 in, not greater than about 125
wppm not gr eat SFOIHAHMSHHRE 168 Wbty ““?@%F@ﬁ%Fﬁéﬁ“ﬁBBWﬂ“?§ vsi ppm
not greater thaflc‘&h&!ﬂ ‘;SQ{}AA@gmw&st;mtnggrnaatee\&s, ithapdaboukiv30 wopm) .
100111Additiona or alterpately, the h drocrackjing conditions in the

hi gh- conver si of¥ é‘é&‘ﬁhﬁch&’fﬁ%‘f&lf’? atkrify l%t‘%)gréa &%ﬁ%@@%mf@f@m g attain a
conversion. | evely, af adlo heastcaRpuil:ORY:d fiobexamaleodt:: heast about 65% at
| east about 70% at Ieast about 75% at |east about 80% at 1east about
85% or at | eastrapéigt %}%*mﬁufétqﬁféfﬁméd!diﬁvinéﬁaﬁ|*gﬁda?ff%fpt* 355954 eryetydhe

hydr ocracki ng cQadict hans 4 dithea-ghepnueLsinp second.hydr-eshacki ng st age
can be sufficient to attain a conversion | evel of not nore than about 99%
for exanpl e notSRBHEENER WHBeducOrogzRdR s e Ran HBotrte8990 %ot more t han
about 90% not REE Fhan tﬁﬁ%@m& @ut@@}uomﬂft%aﬂtim&c@@ﬂ; 80%::q5 not nore
than about 75% Still further additionally or éiternately, t he
hydr oer acki ng cswdict plohirast O e chivghe edpret5i brivgecomdohy drgdPaeki ng st age
can be SUff'C'e@&cKQnQEEﬂkﬂ ﬂ}&gﬂvﬁﬁﬁk&ﬁnLQM%ho?¥&ﬂ%@Q9H£q5§%bE% about 99%
for exanple from abo & 55%to about 75% from about” 60% to about 95% or
from about 60% @ catiorie. 'BOYFAAThaISEDV e eitn sccopdutcenrTAed pivdedt §nome | evel |
with reference & anfRefSLAEAMBRI0Gr IYdLORE aekay FEARS dhe-rekative
anount of change in b0|I|ng pof nt he 1 ndi vi dual nol ecules in the

f eedst r eam f r omxabplvdssFOOR (371 0pd ¢ BnPOOR (3P4vE) alpwt BETow! 2iGonveesi on | evel
can he neasure rd _at\e , ,& whose

i mam b 11 g o are e REOPEah® eIy sty A SRR RO

aver age proporUﬁ@n%b®%m®WE¢p@ﬁmrh&ﬁahéé<pa@566HtMnmyghumhewﬁymrocrack|ng
process and ha i 1 "17(371.1"C),
conpared to th aﬁq Qﬁa}%ggﬁ?gk?aQﬁgﬁ %Eracxki9 p%gﬁgéﬁé‘mtggﬁgﬁﬁAdditionalIy
or alternately, the converted product fromthe high- conversion/second

hydr ocracki ng stage can exhibit a cetane nunber of at |east 45, for exanple
at least 50 or at least 51, and/or a sulfur content of not greater than 10
wppra, for exanple not greater than about 8 '"vppni, not greater than about
7



wppm not greater than about 6 wppm or not greater than about 5 wppm

Cet ane nunber can be neasured according to any appropriate neasurenent, eg.
ASTI V1 D613. gvg)%ém:al@g.dl tionally or alternately, the un%}y&é&lgﬂ 2HJ./rOoduct
fromthe high-"~""conversion/second hydrocracki ng stage can ex v A

vi scosity |ndex of at |east 80, for exanple at |east 90, at |east 95, at

| east 100, at |east 105, at |east 110" at |east 115, at |east 120, at |east
125, at least 130, at |east 135, or at |east 140. Further additionally or
alternately, the unconverted product fromthe second/ hi ghconversion

hydr ocr acki ng st@§él cansexhirbitectalViiiswogitiby rdlndercrobroadly igr emtes farthan 175,
for exanpl e not er. h 65, . er than
155, not greaterﬁg{‘ % &}38 ‘?p“% %rgce{gtg&ehr gt ﬁ‘g%ﬁlf‘th@(\;@&rféé?tg}dg{%% 140, not
greater than 135,&@:% fi ugla eatier bmxhanz afl @onnoted grceact emldhhfédmg 28conpnten ot
greater than 120, nthe ad r.alternate t he unconverted
product from't hglcéich%by e ﬁ(%%‘h}\f/ler si‘l%ﬁmﬁn&ngc BeKi w’“i? ?mé -3 é‘ﬁ exhibit a

Vi scosi ty i ndex phetdveeny sS(Eluag&mlﬂ@ﬁsﬁfc@m he%agrpheog@ﬂme*m &B(Dwag]ehfaszo bet ween
95 and 140, or hetwe an di.tion alternately, the
unconver ted prodlBeTT aena B shunE Sl OB e Rl v S RRNE 2t age
can exhibit a pemmqnmmtg tmv icmss umameesmwfr on aé»gawph\efrdg@s@dtdmm\@g; Iess
than -5C less than -10C,  or |ess G t.h r‘ﬁarddlg onal | y.

al ternately, th&%h %h\}/é'rdl” “é%’%éﬁjé‘ﬁ ?F‘&Mf ““‘“‘ CORdT Ri‘GRcdnver &

nver
hydr ocr acki ng stages:ipyenexhicbitzcdyPourecpoking c@fdii’g}lheatié{lé‘iﬁih@.ﬂm-}&ﬁC for

exanpl e greater than. - reat than -45C ater t 40C,, greater
Chan - 358 gt ent@roral Ty &Gy Bl oy © beCe Tapohreir g ame %og
100151Addi ti onat ]:%c@&tai&igﬁ&ﬂﬁb@h&k& (s,{t}h@dl&ﬂﬁlﬁfkytﬁfrit’ﬁddﬁbbf@mtldi hgam t he h| gh-
conver si on/ seco ydr ocr acki ng st ag n. ex a,kinematic viscosity at
about 100C of at®'' ‘éa%‘f‘“flﬁ’ﬁ“é‘f“‘“’gé?b‘%‘ i%?é‘ib§?[1 és)ta“i apeepverid | east 27 ¢St
at least 3 cSt, p@tiud @asty A8y rofde r{u@a&tm& Q»Stn 7008t (ab@Aasy 96, Qﬁt at |east 7
cSt, or at Ieast 8 cSt. Further addltlon? or alternhately

unconverted protRRE HBHIEHEY SR OBRE AYGH! @ ”‘E%EW\P@F*??YOH ‘ih&?iih“é%ﬁé k| ng stage

can exhibit a Kiboepedd GaMidSEashbye @lintahoutad 00nofoneimporeithhan 15 eSt,
for exanple not nore than 12 eSt, not nore than 10 cSt, not nore than 9

eSt, not nore tWER Bdespfunsgrepsy sodieier o 3P WoRpt farsiemtih 26t §°8%t . not

nmore than 5 eSta012 R9bm TR inthan gcétuct Q00 EALb I OnakkYos0y indkt ernatel y,
t he two-stage cat aI yst system of the hi g conver si on/ second -hydrocraeki ng
stage can conpr i'séCag§Hst wtr aegeitssa }PS‘/ df““‘b‘r“@ﬁ?‘ié‘r‘%fhaﬁp @ Mt ure of a
USY catal yst | ogdegwividodit,0miabotio-© oda WM 1 &t aReandi0 Mk ( § ot exanpl e
from about 0.2 wt%to about 2.0 wt% from about 0.3 wt%to about 1.5 wt %
or from about 0AZNedRpEEEBTLtha T aplvatsytimcabasEdon 1 HéYwei ght of
the USY catal ysém’tai@ﬁg%x@q;@§%ﬂ§nﬁgrﬁiAf?}E idqaadedh w & hsiram.abgut 0.1 wt%to
about 3.0 wt% (for” exa rom about 2 M%to about 2.0 WMt % from about
0.3 W% to aboutont] fsnmi%mmwmm%@m 0.3 Ww%to about 1.0 wt% platinum
based on the weight of the ZSM 48 catal yst. 100171Additionally or
alternately, the catalyst mxture in the two-stage catalyst system of the
hi gh- conver si onf##&%cond: Rydrde caski Hghastegeor A \Conpt kel Eejoleae rati o of
US), 7 catal yst Wk A€ ; o o . for exanple
from about 1:7 %{cgmég it Q?quﬁ#‘){ggm gﬂca}}@%ﬁ% (2 ‘brﬁﬁﬁpg%h%r %131“ about 1:4 to
about 4:1, frombab?omW‘Tlsmﬁ@ salfoungniof nbr petabowtabast 20 gratcat b2a 1, from
about 1:2 to abg AN ] Aapout 1:2 to
about 5:1, from n‘Vu&wmgto Ztgo‘&tmqﬂzu%‘, roér?n&g%oZE }mtiéﬁoﬁﬁgout 3:1, from
about 1:3 to abmeitoddnchy. tforomuabasti! ic»@xutkmammmz,®ﬂ.qp(ﬁwn*vsaﬁ@omd 1:1to
about 3; 1, fron@ QQQ ‘/.dg'otl% =1(2 ?{%’clt{) igho;uon hayi Tﬁgqrnh PQ&&& g"“sttlfg%%ghltt 5:1.1In
t he catal yst mxtue the al'ys sstemo

hi gh- conver si onY(@é&@nnt hydm@rfacdmnmgi staalest ﬁbh@«ﬂi]’ﬁh@ma\ti@zl yr&ﬁrognd t he

ZSM 48 catal yst: may be effectively m xed together so that the two

catal ysts essentially conprise a single m xed stage; may he di sposed into
separate stages in which a substantially .1..1SY catal yst stage follows the
substantially ZSIM 48 catal yst stage; or vice versa; may be disposed into
separated stages in which a USY-rich (i.e., nore than 50 vat % USY) catal yst
stage Wws a ZSM48-rich (i.e.. nore than 50 vol % ZSM 48) cat al yst st age,
or vice versa;



9 may include a m xed catal yst stage in which the USY catal yst and the

ZSM 48 catal yst are m xed in approximately a 50150 rati o by volune; may be
m xed and di s a2 continuous or intermttent gradi USY-rich
cat al yst stagg%tsogéi@m 48-rich catal yst stage; may corrpr]i?(’[s'}témfrzr@?}ta}lzaoe st ages
that are all USY-rich or all ZSM48-rich; or the like, or (to the extent
that they are not nmutually exclu5|ve) conblnatlons thereof. [00181Wth
regard to the USY catal yst nentioned herei nabove, the unit cell size
and/or the silicon-to-alumnum (Si/Al) ratio of the catalyst, prior to

addi tion of anyﬁb@@d@éﬂnéaa$ﬁgymi@éﬁPbeuwnp6$hﬂh@mﬁ¢Mw%mﬁﬁ@@Ehsly, t he USY-
cat al yst ean ha , f 1 . d B for exanple
about 24.27 A o%ﬁQggsﬂ%¥m i &g@ﬁgg-%§§891é£§c§gu§ gpme§§USY catal yst can
have an Si/ Al r afirocrefkiathé e3a°s¢mal®dlut0dz5 jin § preliexaplydratackieastbgabout 70, at
| east mbout 90 B bEASlg RS AP0y AL o AR ARy cost about 120,
about 1000, foraaxawwﬂannmmhnnﬁ@emhadmahbuhe?Bmpmnmyhﬁhmmmﬁh@n about 500,
not nore than al?{m U;On& St :%?. m)ire thor}‘ e*amn eyel \th rnm ihm‘% "”t han abOUt 250,
or not nore than about 588“ 1001811 B Ak Shbodi Tent . ?he et el ve

hydr ocr acki ng cmmdmideSmme@meuhﬂgh%wd@ﬂVﬁmsmomhsemdnmbﬂwﬁnmpmack|ng st age
can conprise one er at WABT) from
about “5B0F  abodte e MeS it BBtk RUT PR35 e SRS Stbesur e 1 rom
about 300 psis (ﬁ@h@:ﬂﬁmﬂngdh@a@mﬁ@! r&b@tﬂﬁm?@@@lﬂ}up%ﬂl(g} (ﬁbmtﬂ”}”ZQ akdMPag), for
exanpl e fron1abou§ 700 %ﬁg‘? % gz to_about . 2000 S|g,é out 13.8
MPag); an LIIS-V* W&ﬁ%ﬁ&i*. mﬁ“”?”” ottt g G O %ﬁﬂ from
about 0.2 hr-' Lﬁoﬁbﬁﬂﬂ)i@uh&hm:aﬂﬂxanﬁyﬁhﬂgeﬁﬂkﬁﬁahugﬁSuﬁﬁh&hktOﬂ]about
500 scfl bbl (abﬁ]t 85 Nm | nﬁ% to. abo&t 0000 iﬁ% bbl (about.. 1700 N8/ nB),
for example fro 0@65@5”7§6E STFIBEH T (a8 TW§V“P6“§%BE§“?OOO scl 7bbl
(about 1200 Nﬂﬁérﬂﬁ)ﬁa(}ﬂafﬂﬁﬂﬂ’l«ﬁb;@&t‘ﬂeﬁ@ﬂﬁu@ﬁf14Q%a&)&;@@uﬁisﬁiﬂﬁ N Balias) to
about 5000 scf/bbl (about 850 .NnB/nB8). 10. [00201Advantageously, the
distillate yiel i 5 EHPtHEe ﬁ?ﬁ%@é%ﬁ%‘?ﬁdﬁ WES can be desirably relatively

hi gh. For instance, the converted product fromthe highconversion/second

hydr ocr aeki ng stage can have a yield of naterlal boiling in the range

bet ween 350')F [*#%%c) a{ﬁaiﬂmewctfﬁﬂflﬁ‘ey"ﬁa?wraf K~|hé@éfs&vﬂww ByreGickBRanpl e at

|eaSL 35th(;f) aitaJCQ;@§E\<aﬁ1@ ‘%% hﬂ?oc@-&cklnﬁa’éﬁm %ﬁd%h'ﬂ&oc@@?@dﬁmga&@e t ot al

wei ght of the converted product fromthe conver si on/ secon

hydr ocr aeki ng s@cagémd/xaawﬂnéwézm b QPSP EP ey Prafifenagy Yo akEeyi el d from

thethydrop{ﬁce5§%%g s{eps c?ntﬁdvantage?uzly hg rSI?tlve{K hi gh. For

i nstance e conbination o e converted produc romthe

hi gh- conver si on/ second hydrocracki ng, stage and the converted product from

th? pre:lg‘n?YYhFﬂRﬁ%ﬁ?ﬁ@%@ﬁﬁﬁQ&hQﬂr?P@@%ﬁ%ﬁﬁﬁ@?hﬁ@cé'¥8£¥ ?g¥i g)y|$|dt0f

materi a oi ling Tn thé Tange betweén 350F (1. 77C an " of a

|l east 40 wt% .for exanple at least 45 wt% at |least 50 wt% at |east 55
W% at |east BQop% aloheash 85 060 Oarflond PN 70 WM, RAsEd on the

conbi ned wei ght of the converted products fromboth the prelimnary/first

hydr ocr acki ng amgrackekite ghecoribersirgivdecodnhyescoshebRitag bethades. 100211in

vacuum gasoi | f Sogac T e aRRyy B MR S Eeh e AL RESNpRE P The

hydrotreati ng steptearsathrantageoustyereshidhiptean: Gok flurt gompentfoof at | east

3000 wppm at oAt ARt N ATB Bk ST EAAEat bR v T eat

about 7500 mpprﬁ?maﬁhmea@ﬂ'éboum m@@@@vmﬁpnpb@ﬁ’ﬁeasm abouttc5600 wppm at

wppm ot Teast BSue Teooo bar st gy or8nty YudBiRySbo Rt e e or a

ni trogen cont ergreadr tat sbedSto abput fo2 00:nwdp My frortcréanpbe 288 whpastotabout 300

wppm at | east about 400 wppm at |east about 500 wppm at |east about 750

wppm at | east about 1000 wppm at |east about 1500 wppm at | east about

2000 wppm at | east about 2500 wppm at | east about 3000 wppm at | east

0 2012/ 080765RCT] US2011/ 052470 e Of &t Teast aboul G000 upbm .



1002211 n enbodi ments of the invention in which there is a hydrotreating
step, the hydrotreating catal yst can conprise any suitable hydro-treating
catalyst, e.g yst conprising at |east one Gou . (for
exanpl e sel ecwgcf%%zr%g%@ , Co, and a e, onbination thereof C\{% émnmzﬁ'least one
Goup -VIB netal (for exanple selected fromM, W and a conbl nation
thereof), optionally including a suit®%ble support and/or filler materi al
(-e.g., conprising alumna, silica, titania, zirconia, or a conbination
thereof). The hydrotreating catal yst according to aspects of this invention
can be a bul k ca;batwéﬂn eroua ! Suppor. nederedtrakopsbout Tét hnbgues afeeier iroduci ng
supported cat aly N - Tec . <produci ng
bul k netal catal %“t? ?l\l}ﬁlnéﬁskaqu‘ndbt)m ‘ja{}ﬁhvg&bgeﬁqqﬁgwgtsﬁy descri bed,
for exanple in ldpSm Elatoem<athbth<uﬁz;‘om@3;0%@,m)mh| ch is hereby incorporated by
reference. Bulk netal catalyst particles can be nmade via methods where all
of the netal catalyst precursors are in solution, or via nmethods where at

| east one of the&mﬁjecurschJSQ iaﬁvb;na'atmwte&st}umar:ztﬁuyng twogobadio flertigh-
optionally but pref era V\/r}] % SL .anot he her precursors is
pr OV| ded Onl y | hma,ew %lﬂ‘i 1% TOCTa 4,( ‘(“Iﬁ,rq cké{iﬁdém ﬁ&g i(h.‘tt’) ﬁ)}dfilgélu, t%‘«é‘lgbloa | east
partly in soli didveranaciam bﬂﬁmaﬁim Gveﬂqm"ﬁﬁl’df Q)(&ﬁlﬂ"‘zlhﬁ{f)"byd? mlmvnbdmzﬁg‘/aarsol ution
of the netal precur sor . ;hati al so QE)]QJ udes an‘d/ Frbec B .fated netal
in the sol ution “¥deR 43" & FHEPE W bf' Sﬁébé’ﬁd dPAPE e 89 B way of
illustration, S(})me‘n@e&&m&hﬁ&/ of aisttatzablie hyde @&mwﬂmmgnﬁaha{c)kﬁg?s ar c
described in one or nore of U S. Patent Nosb 695,. 6, 16

6, 299, 760, 6, 585V BEHIONETFLS MFERCAG ITEFLLE Y C@“géé"“éiffs“““é ‘192@""%%1
7,229,548, 7,288y &E&&noﬂmé‘t%@.ag?;é@maﬂ@ b O b3 uin-:Sha:Pﬁxb@d’H”‘/Appd i cation
Publ i cation Nos. 2005/ 277545, 2006/006 50%{3 2007/00 §ﬁ’ %n

2008/ 0132407, aHy™ ATETIRAL Pondrt PUBIFEAPTHRCNGE Moy 0‘47‘ §7648,7°0

2007/ 084437, WOx2RO0¥AD84438M 2ALO844 3% and VD1 RROAA L84d:(:liy o ar ce
100231l n sone enbodi nents of the invention in which there is a

hydrotreating st&pEhe  hWpErstliaes FagiEsnt P7 BgReBHEBHT"¢e one or nore
of a weight average: AR LemperadulficWAB hhiib Lotk ahakticadlhy(-ahayt:,288C) to
12 about 800F (about 4(25 a total Pressure from about 300ﬁ¢)8| g (about 2.1
MPag) to about @rf@eﬁ&é.fgiwbﬁw'@éem?t WPagTe o PRI éXAnBTe bRy aAlbut 700 psi g
(about 4.8 MPag)hd; QQ@QQH@OMQEHQ@D{gto(a@(kl@ub‘ 13&5%»%@9913 g@ncdel | SV from about
0.1 hr-L to about 20 hr.', for exanple from about 2 hr-L to about 10 hr;
and a hydrogen t8srSgas e arEFEGRNELO G C@@WW*@%P’“‘P&%W SN ni 3) to
about 10000 scfjbpi. (@BoHEr 1400 LN’@@/&{H@}M}J(W%&%@WEQ ddQmeahoyt 750 scab’
(about 130 Nt r13/n8) to about 7000 ga out 1200 Nm/n8 ) or from
about 1000 sef/ Boistcandam abpee Y (8) Q‘d@ a%b {35000 $ePhbICorEtoat 850

Nt n3/ NB) 10024410 c%woﬂlsﬁﬁﬁﬁ% q;[ls’ g)ﬂ%&&%%%ﬁ%d' Ry WG L NGNG:d S @
prelimnary/first hydrocracki ng rel it mnary/ftirst hydrocracking
catal yst can compring baips soint iabi ie%@ﬂ){si"érﬁd“drd( hyar serackintgveatal yst, for
exanpl e, a zeol FREM LA AaRLL LR 1B8LRncEEPLbLI&S Xa Bgol Tte Y,
faujasite, ult r[éro &ﬁ{%%‘]?%”@%@@} & u?na n?‘%@é § 5 aCY) NPy q enite,

ZSM 3, ZSM 4, ZShilaZSNt2Gs t@sw&lwﬁnd(‘%@ﬁﬁﬁnhﬂ |tdn@fftm@ﬁéoﬁl» &Wﬁl ch base can
advant ageousl y ! nore active netals (e.g., either (i) a
G oup VIl nobl %ﬁm& P%Qghg\gﬁ&gcgqpigé%] num and/ or palladiumor (ii) a G oup

VI E non-nobl e netal such nickel, cobalt, |ron, and conbi nations thereof,

and a G oup V [ﬁqpﬁt al AdaHs oqalﬁfsoxm:* Ylptdﬁnt'ﬂ QJmL {EQE&&QQQ 00251| n

enbodi nents of &’i nvéntion i'n erels aprelmnar Tirst
conversion/sccond hydrocracking Stag,x, can exhibit a cetane number Gf at least 45,

for example at least 30 or at least 51, and/or a sulfur content of not greater than 10

wppin, for example not greater than about 8 wppm, not greater than about 7



hydr oer acki ng step, the prelimnary/first -hydrocraeking conditions can
typically be sufficient to attain a relatively | ow conversion |evel, e.g.,

| ess t han 55% han 50% | ess than 45% | ess than out 5%
to about 50%%r2§1rs%?03@but 5% to about 45% from about 5%41%0{0/%5% %% from
about 10%to about 50% from about 10%to about 45% from about 10% to
about 40% from about 15%to about 50% from about 15%to about 45% from
about 15%to about 40% from about 20%to about 50% from about 20%to
about 45% from about 20%to about 40% from about 25%to about 50% from
about 25%t o abouypndserditcorhnabout 6 259t @ “abouticm@%elbb’tttér\nmmboi;mm@ﬂ% to
about 50% or from abouf 309 t out | eve, t he
prelimnary/first Aydro gc ackine K’sct’ad;l” ml{ déf /Loﬁﬂ 'gpﬁée/ér%ﬁﬁ%s]}fm’l ahﬂqas in the
hi gh- conver si on/m%é&.ondary hydr ocr ackl ng stage. 100261i n enbodi ments of the
invention in which there is a prelimnary/first hydroci ackng step, each of
the effective h rac ondi.tio f the n; / |rst
hydr ocr acki ng sgg}r&e{:can‘?\%(gpga arhetnoigz t |“fq?mv§t€% ‘Egétﬁt (?vt ¢S aspondi ng
condition in theorhieghmosoﬂmelhsd;omb&eqpn@e bydafxommaaokﬂongt 'Sthdep.of Adehst gonal ly or
alternately in enbodi nents o enti there. is i
prelimnary/first eﬁi"&/‘g??fé?”‘ab% ﬁ@*’%‘t g%/ al ?ﬁ‘*g?%# E(Q,tl &Q ) P‘ob{rﬁa%tafaﬁtg

condi tions of tbes pr @hsit mi(naﬂya(sfEI‘BBtiE@AdHD)Cﬁta&kl g, staagestaad bonpri se one or
more of: a weight average bed tenperature fr.om about . 550F (about
288C) to about aéibf#’f’(@gbgtﬁ“%ﬁtt’iyo%’ “ét“t“ést‘éerd P %sfitfﬂémfer%“ﬁt‘ B8kt 300 psi g
(about 2.1 . MPaginitRicab9iloca06: PsieGad adtita AodityNREG)of nbiOfieexaimpl e from
about 700 psi g ﬁ'about 4.8 NINO to abqut 2000 |% l%gbout 13. l\/gjag) an LHSV
from about 0.1 oreE NG Pt Bt T 103 ¢t ERUIrE P A58t e '

about 10 hfl; angt @:byd-agen nfofgﬁ@iteigﬂﬁt 4@t @t ffeamt Ao o, &Q%t.aeet kbl (about
85 Nrdlin3) to about 10000 scf/bbl abo%J 1]JOO NrrB/rn3é { xanpl e from
about 750 scf/ bbf>: eaigseier 148 IRf 10 43918 0 AUt #8688 &Er iblY St about 1200
Nin3./ml) or frﬂmh@ebﬂbﬂtiogﬁggcbt sedhbbl, haheuby k@ pNAI: Fio thescabauatizH000
scf/bbl (about 850 N n3/nB). 100271The converted product s fromtTt
hydr ocr acki ng stHyesiopsrdptadiieT@r S e et rHed ¢ SRR %t”‘%}o‘m} ing
range ' maxi num of 2Rt bl QAR oabeuto, 34lel) oAnd LhUS HeQRER NI 19b1 | | at e
portions described herein as constituting material having a boiling range
bet ween 350F (177C) and 700F (371"C) (at least in describing distillate
yield). The basic test nethod of determ ning the boiling points or ranges
of such feedstofjgiqas veldiasyf heytinhel, GOTRASILIANSREqdced Lagcording to
this invention, can be by performng batch distillation according to ASTM
D86- 09el, St anderdeTestones hobodkek Bisgns Farhbi aoPuRst of st er dluct s at

At mospheric Pressurg, i, i4 tﬁdzw@%%um@k @38, 1fs -[ehesned ul.g -hepei n, can be
ei ther pure hydrogen for dr ogen- contalnlng as, which contains hydrogen
in an anount atifl“é‘astf»dsumfi iocfrreqrttm@bb hhendonyed eddpeden baspargosk( s) ,
optionally in additign;t @ana;rpwtpglmttttst ga;%%am(a Searertdor-09en, 1ight
hydr ocar bons such as net hane d- 't ke, and nbinhati ons thereof) that
general |y do nofor axwetsebyeithtrepférn eromiict haordSaf f*-’é&t?tﬂehﬁt*h@tit&itedirieact| ons or
t he products. [zt and, N3-d13, . ar 1y undesirable
and woul d typi CIWI?'ITj v b{;%?géd}?g\lr}%g ??foﬁfzéoﬁrn?déduo%dnt‘g %il}{”?a ?J( | ow | evel s in,
the treat gas before it is conducted to the reactor stage(s) The treat gas
stream i ntroduc nto P 1 n,.at | east
2bout 50 vol % For loxargl SEaFH Sauh RS SRR AR AL AL R T 06 The
catal ysts i n angnefrsibie:c htydtrxotpno@ésgng”fst cagekibaec cordingyisdoeitt Heboypr ocesses
of the inventiopn,pay, C}F?éa'qoz”%'% cont.al %qq'iéx?'t?{]aé%@“@m@ 155 SUGh as
other transition metals (e R 6 tal's “suchas n|0|ur'r) Fare earth
met al s, organi Clebsit gaﬂ%tdsah@et gc‘;t .aoeaaddéad, aplead s cpr ecarisorsciteftdaver from

oXi datlon and/ Orlt‘su ’! ¥ Ftl ! c)wb\ ptetci) P W Y82 CRM uncg%’hboron
conpounds, fl uofi’iie m‘cx’o”ntaa‘;fm “otlrfﬁ)o fsS PSETT SR Cont8ihi AY conpounds,
pronoters, binders, fillers, or i ke agents, or conbi nations thereof The
G oups referred to herein refer to Goups of the CAS Version as found in
the Periodic Table of the Elenents in 1-1-xyyley's Condensed Chem cal
Dictionary, | 3th Edition,



100301i n sone enbodi nents, the distillate portions of the converted
products can advant ageously be used as one or nore transportation fuel
conposi tions gnd/ar Ay be sent to one or nore existing Jé‘t%sz&%l $70
-Non-limting exarrpres of such fuel conpositions/pools can include, hut are
note limted to, diesel, kerosene, jet, heating oil, marine, and/or bunker
fuel s. For instance, in one enbodinert, the disti IIate portions of the
converted products can be split (e.g., by fractionation or the like) into a
. kerosene cut having a boiling range bet ween 400F (204C) and 550F (2880
and a di esel cutohariang:ydroboilinhgageanyexHiet weenuBEgRc¢E320)oand0700F
(371C). in S“Cho?@%rg%% P5 mem L}\Iin\?‘ixd’)l()?;}“llﬁlx,l?%efn’pq{tﬁ P:ﬂ&c%m &st converted
products are split by iTing tang {0 a kerosene cut and a di esel cut,

t he snoke poi nt nof mérhéapdicst. mbﬂia@eﬂpo@t@bonst mdre tthe ) cihoonmueretted Spr oduct s
shoul d be understo O!ntm? Ief erq ”}(}ttn%gt e kerosene cut, the cloud point of
the (distillate pC)r 50t - t%é)) heBhVErt e products shoul d. be understood
to refer only to the dlesel cut, and the sul fur content, nitrogen content,
and cet ane nunbéiishoul sddigor utiylezre%nm&ht dteﬁ‘@@ﬁ%g&@k”ﬁﬁ(liﬁ}iswei of theohi tihe

conbi ned kerosene and die Ihé: 931 The f.eedst ock Yl ded to any of
t he hydropncessihy proce “’ng Te ‘“é?(‘:C(})(rr F°rng° t8 THE ThvERtT O ‘“ainy i i some

enbodi nment s, coma/rslssa“ doetkhvract t&%‘éeﬂdigi ﬁqsméktm}t emmatb@m@dr\ttf’,@m aaod a

m neral , oi | por, ' Ol ' I J uel
Source. ' such ae OrTdK TG ER g Rgr S PRt BPE SR ekSer Such as
sol d under the Memm@ﬁuaﬁﬂﬂnﬁ&ﬂﬁ 0. 2wt tg abbyr 1A} @b ghatinkm, baed enbodi nent ,

the -lipid mater,i al e xed to he r to, any
hydr opr ocessi ngﬂ?t"“ébg% méﬂ %Héﬁ"‘ eﬁ*r?ﬂf%i ‘f‘?é%ﬁm ‘the™ [P%ﬁ‘i r‘?ét‘g’tli PUHhY ni ner al

oi | can be provixged; ﬁﬁmﬁﬁ@&ﬁat(&n Starn@mum lai&@u: an vapps aphit aﬁ)eatfﬁf @eRSSi ng unit
or vessel, [003 1Th ,term g terjal" sed accorgil (o t he
ﬂ%ﬁﬁ% 4

invention is a E(ﬂ’ﬁ) 414 Wt%bé/’d‘)lotf“"nfb (ﬂub @éoi/O PRt General ly,

t hese bi ol ogi cap; Mﬁh@ﬂh@lﬂ%nttﬂ:&idﬂd@oﬂﬁggﬁamzecaftra‘tc,s/ oils, an| mal fats/oils,
fish oils, pyroIq}@gl S oi]s | i |ds/0| | s,. as well as conponents of

such materials fle spé‘tf‘i“ﬁ"ﬁgﬂ’lf ‘t“ﬁ‘éi” T nﬁtﬁéﬁ”&ﬂmﬁﬁé}‘ﬁd@é‘“ one or nore

type of |ipid campeupdsm tﬂzﬁtmoaemezufaﬂs,t@t@htdmmtdw@t @tiﬁgﬂ@@lw@onpounds
that are insoluble in water ol ubl e in nonpol ar (or sol vent s.

Non-1imiting ex¥pregtige! gy éwt@apv%‘%@ Fhett t&ﬂé"atne?%*tmtﬁotf@at‘@tfﬁér for

Chlorof orm al kianRGetat 8Hur PeRzeng: 7. anth-c i Natd AR5t £ herRofhoud 09331Maj or
cl asses of lipids include, but are not necessarl I Y, limted to, fatty aci ds,

gl yeer ol - der i yeld Ppgidils emidpudi-nig pats: |- pmsebard 2orstphel  Braspout

sphi ngosi ne- der {.y ol Pd: S dad NEAUAD RGEI AN RS aboGLT SR B3108S from
gangl i osi des, and sphin onyellns) steroids and their derivatives, terpenes

and their deri vaprvksto fogetsl, fem abesl ihioebeitahifiva abewr it hiorrbartdnat i ¢

conpounds, and t&ﬂg«tczh@lz%awmlt%on%nﬂm\o@x@éthQM;lét abdwviAg, Qrgani sns,
| i pi ds gener al I%/ serve as the basis for cel rrenbranes and as a form of

fuel storage. i d drogpaporl isbtoggofigundn é@rﬂm@at BEUWAR tHEphoreiass or .
car bohydrates, sugh 83ichibrtififf M 0kichkRORE R £lnSx8RLEROPOLYSacchari des,

catalyst and the ZSM-48 catalyst: may be effectively mixed together so that the
bwo catalysts essentinlly comprise a single mixed stage; may be disposed inio
separate stages in which a substantially USY catalyst stage follows the
substantially Z8M-48 catalyst stage, ot vice versg; may be disposed into separated
stages in which a USY ~rich (Ve 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;



100351Exanpl es of vegetable oils that can be used in accordance with this

i nvention include, but are not limted to rapeseed (canola) oil, soybean
oi |, coconut szhums ynflower oil, palmoil, palnrkernmpéﬁﬁmmlﬁéth oi
Irnseed oil, tall , corn oil, castor oil, jatropha oil, joOJo

olive oil, flaxseed oil, canel i na oil, saf f1 ower oi |, babassu oh, tal | ow
oil and rice bran oil. 100361vegetable oils as referred to herern can al so
i ncl ude processed vegetable oil material, Non-limting exanples of
processed vegetable oil material include fatty acids and fatty acid al kyl
esters. Al Kkyl eereﬁelmﬁﬁkeaﬁivmfﬁtﬁmﬂenGﬁmﬁﬁméﬁﬁyiﬁﬂeéﬂ@r@iZﬁh%*br nmor e of
methyl, ethyl, and BrARKl CRLERRLEIPESHSE Ko, 100REIRKATRLES, afy ani mal
fats that can be ug d |nxacco§é§ﬁce}mf i ']Pﬁbgntﬁo#ﬁ?nclag dut are not
limted to, beeflispakd (itaddnowlops ogie fiartm(tlﬂaﬁd)ﬁ froro e KB -fidt qats ﬂfrsshdg«:ab/ oil,
and chi cken fat e ne 0 i source

i ncl udi ng restau{a{r%’t%m’hci‘j’gr‘r%awéath %ub?“’ %8f'gfdevﬂh% éﬁgy%§@ha fats as
referred to hererﬂié$§elHnmludeuwmo@e$5®daanﬁmmmtmaammmUenw@I. Non-limting
exanpl es of progessed material include fatty acids and fatty
acid al kyl este§§%%21 u?nmm¥mnbhf§%ically include Cj-05 alkyl esters. One
or nore of nethyl, ethyl, and propyl esters are preferred 17 100391Al gae
oils or lipids typl 3 i ( rane
conponents, st O !ﬁ?g ?}%f ar& &xr n}e\rdbe? r!1w t?renggmﬁed rimrmbru Qr( urPEriéms
particularly m emakigaehes;uehv aldinationsi/ ar}d‘naysamiahacm\er Ipﬂ(;wr 10 aitiabm
proportionally h of lipids. Al gal sources | gae oils can
contai n varying" a%%d ‘%““ﬁ?gﬁ:“?ﬁ%ﬁ?@“%P@?%bdﬁﬁeﬁfﬁ o %ﬁf ﬁq ““hased on
total weight ofhbherhuoﬂmgs:MLSehﬁéK&GQAQAiAMgahmsmub@es4toﬁ“ahg@etorIs
include, but are no;iﬁ“kn1re e %g ugqr a d TRU kérqau ar, al gae.
Exanpl es of such’f gae 1 ﬁ&PdHén it gﬁy'é“‘éﬁ BEGPRYLeato ot aticast

- het er okont ophyhiews: 17, FRephysie aﬂ@k&&@@phywegmﬁhﬁ@rﬁlaﬂhﬂlﬁﬂbyﬁﬁ,menglenoid,
hapt ophyte, cryptonpnad, dinoflagell-urn pl ankton, and fhe |ike, and
conbi nat i ons thgrﬁdwﬂrg(bﬁebﬁﬁﬁ‘ ﬂgnﬁ”“argd/mﬁén b@”ﬁ?ﬂiﬁéﬂﬁ“%ﬁées

Cht or ophycear arr;déemrrla«meorarhyﬁram 8@£C&wf{@rr§nﬂeﬁ>ﬁ 8&r<QRM 4b0GI 190esot Bldt: are not
limted to. hlorrs(oteodbundans Scenedesr nus dlnnﬁﬁys Eut ;| ena
Phaeodactylun1t PE B Ainfot Bt PaR RiArET - B Ppsen @ e 8PUTEH AV uny

Tetni sel mi s chuibouedd, Gicmayakanmoasonei nhar thii . 10041 | The 1ipid
material portion of the feedstock, when present, can be

[5019] In an embodiment, the effective hydrocracking conditions of the high-
conversion/second hydrocracking stage can comprise onc or more of! a weight
average bed temperature (WABT) from about 350°F {about 288°C) to about
S8O0°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 (abeout 4.8
MPag) to about 2000 psig (about 13.8 MPag); an LHSV from about 0.1 hr'’ to
about 20 hi‘"i, for exampic from about 0.2 hr' to about 10 hr'l; and 2 hydrogen
treat gas rate from about 500 sct/bbl (about 85 Nm},"ms} to about 10000 sci/bbl
(about 1700 Nm’/mY), for cxample from about 750 sct/bbl {about 1320 Nm® fm“} o
about 7000 sctibbl (about 1200 Nm/m™) or from about 1000 sef/bbl {about 17
N Am’Y 1w about 5000 scl7bbl {about 850 N i),



conprised of triglycerides, fatty acid al kyl esters, or preferably
conbi nations thereof In one enbodi nent Wnere lipid material is present t he

feedst ock canj P%Jh%d@ at least 0.05 wt ()/.") lipid mategd sszB%

total weight &edst ock provi ded for processing into pr ef er ably
at least 0.5 % for exanple at least W% at least 2 ww% or at |east 4
w% Additionally or alternately Wner“é lipid. material is present, the
feedstock can include not nore than 40 wt% | ipid material, based on total
wei ght of the feedstock, preferably not nore than 30 wt % for exanple not
more than 20 wt 46881 not Adonegtdia, t‘m@diwti%a 1004281 the byvbodicregtssrwhere | pi d

material is pre%gﬁ&t,dt@t@ ﬁn‘??g% %Ci?m \t’?crisggﬁ \'3&0 SL&at 80, han-29. 9 wt %
anpl e Wit %'

m neral oil, for greate not greater“than 99.7
wt % not gr eat ertmt»hama%v!ﬁd%dtnetmk@rrgeaatgemtEham vRE mtn?/éumb‘tmg@esatﬁm t han 98

wt% not greater_tha % t-\greater 1 3, M Y%, nat greater than 90
W % not greatef™Fhan Q“%%ﬁ%%} l%)o}m NEra G{( r}a&n")(%t”ilkdb f\pj i%i A8 { W %

based on total \aetbegshs~ @f‘/otalneasfteedst;omm aAﬁthwt%naMtmem attftiesrcn_ﬂ;teﬁ y in
enbodi nents wher.e pid.mater k can _include at

| east 50 wt % mi HEr 8"“%‘?”? E““’%ﬁ f‘é% ﬁa{lﬁ%”gé %T“Fé’“’“ &"‘{66"\?&@ ”"%“ [feast 70 wt % at

| east 75 wt % orada;tmh&ast at&@nMi%tm cﬁtﬁratemdiimtnamdd&m «tgatbatg swek ght of the
f eedst ock, 10043 , nb ﬁfﬂ n&%eril al resent, the

| Cpid material dhiregony So e By oy ad rarsrrsr st ebaf BB BTG he fatty
acid al kyl est Et‘w;tﬁ@d'fli)tﬂ}tns{ﬂ&hixaktsxyfeﬁ‘.&irtd;emﬂ hydicoastiesssst(ob AME)R: cbaktyd aci d

et hyl esters (FAE and/ or att ci.d propyl esters. 0044 type of
react or suitabl 8 I%‘Ti {Wﬁt‘%ﬁrﬁg\é‘m‘ g‘aéidﬁdg’émtl‘é%qf% CRFHFEORY @ﬁ)é “any of the

hydr ocncki ng st agemlnnmt;bempm@ctes&eestaéac.emelt vro | e anemlt@m °CExanpl es
of such reactors c% y,de but are not. i} $ kl & bed,

ebul | ating bed, °M “i”f4 & T et s BB Maﬁ(fi‘{@i“ljr Wf’eﬁc‘t‘%‘ S Wi,

(004. 51Addi ti 0n@¢|il=(béz@rwat tterer@taewm iheich@ ety A e QRc&@Indcl ude t he
fol | owi ng enbodi ments. 100461Enmbodi nent |. A hydr ocra}gkl ng process on a
vacuum gasoi | % cight of the converted products from both the pr ehmu ary/turst hydrocracking

and the high-conversion/second hydrocracking stages.

j6621} In embodiments of the invention in which there is a hydrotreating

step, the vacuum gasoil feedstream or the crude oil portion fed into the
hydratreating step can advantageously exhibit a sulfur content of at least abour
1000 wppm (for example at least about 2000 wppm, at least about 3000 wppm, at
feast about 4000 wppm, at least about 5000 wppm, at least about 7300 wppm, at
fcast about 10000 wppm, at lcast about 15000 wppm, at {cast about 20000 wppm,
at fcast about 25000 wppm, at least about 30000 wppny, at least about 35000
wppm, of at least about 40000 wppm) and/or a nitrogen content of at least about
200 wopm (for example at least about 300 wppm, at least about 400 wppm, at
feast about 500 wppm, at least about 750 woppm, at keast about 1000 wppm, at
lcast about 1500 wppm, at least about 2000 wppm, at least about 2500 wppm, at
fcast about 3000 wppm, at least about 4000 wppm, at least about S000 wppm, or

at least about 6000 wppm).



feedstream being selective for distillate boiling range converted products
and yi el di ng unconverted products useful as lubricants, which process
conpri ses: er]Y)I 12% 7g. vacuum gasoi | feedstream havi ng %&/63%8%54%0nt ent

of not greater than about 50 wppm and a sul fur content of nof greater than
about 300 wppm hydroeracki ng the vacuum gasoil feedstrearn in a hig;

h- conver si on hydrocracki ng stage w thla hydr ogen-cont ai ning treat gas
streamin the presence of a two-stage catal yst system under effective
hydrocracki ng conditions sufficient to attain a conversion |evel of greater
than 55% so as {#B2F or ninentvpdinson af ke drygnisgue tvhichere is a hygrotresigpar at i ng t he
hydr ocr acked pr { It Cly RAVLDY,, D, nge

maxi mum of about? Qk;ﬁ%@ﬁ %&m% Q%%) (e]qég A 1q]\tu‘!ﬁﬁ%otr}\ﬁ;eﬂrﬂt g‘c’lé?mp é‘b% gﬁéq

boi | i ng range nwmlnume@uab@u&njﬂﬁﬁﬁxﬁkéubwﬂ?ﬂtmﬁﬁﬁheccﬂmﬂesd@ddproduct
ngg?gzgnﬁmor ng!%glaf\gs%f}‘f zﬁlzr tdggnﬁ n<l1Ji on %éuwi anda »mt ﬁfous \;%ﬁ%ip@: ?t t ﬁfe at
unconverted produgtyl shaw mgﬁ@nehfor‘v‘vnmdez c.mfrsbaumnsd)osﬂﬂ y)phmiéxnmudato d east 80,
?egggr | pgls[]t \?\Le Ii_ig?.?\ e s onr dﬂg /O {lﬁsi énaéc,é ] % gVI {Sﬂ(l;lgfs Im tii?} ung?‘ ;%Hn t]!(OrIJO;)C gf UgtY
catal yst contai mmggdpb,at qubmmndfhe;rc ofpa[ ha]@mmncamdg c(ltdi‘)si :a@ﬁMg% cat al yst
containing plati num e}pg gt iJ.OO ) } \ di rIe(p 1% ‘. The process of
enbodi ment 1, WABIET R | héﬁ Y EaUH af n“ﬁ‘s‘élclul”? éd Etﬁirle)%lm W5 Hg a nitrogen
content of not geeakﬁbs&hﬁm&amgympﬁﬁwdmmmgvamdu&ﬂ&n&dmnam®mtent of not
greater than ab rotreating a cru oi |l portion
havi ng a sul furqs‘t;ﬁfqé‘f‘ﬁf ?‘Oﬁ‘f“r bééftméfﬁlb‘dfa’f%%m‘(?ﬁ‘berﬁm%& ‘%%ﬁ“t‘:r“ga}an cont ent
of at |east aboptvid00y wpma&@ fobe »amtjnydimg‘enlac@@malmjmgwﬁ rv@ath ;gasm&t reamin
the presence of . a hydr reqllng g ta %Sg un der effectk ydr ot tlng
conditions to fOFMPEHYAF 8T8 Fe i pr Bdtic ™ "H}f&ff% SRR R ‘Hémh 8( ‘ot r eat ed
product in a prekidianar ihe et 00586 kidg:at agen vl Eti’itbrlﬁmhy«dtﬁ!e@@‘ﬂ%‘ @ertai ni ng
treat gas streamin the presence of a rell %Q%? drocti Elng cat al yst
syst em under efk@%ﬁ??%‘ﬁ?@FVﬁ%%h?? URSFHTRBER AR RO éﬁﬁﬁf ‘dRE" sufficient to
attain a conver glcQiubl e¥gle QicaROholTBI e bNAB pROME0S @ 188 id@ dhgrimaa prelim nary
hydr ocr acked, 113, /drotreat ed product; and separating i)g prelimnary

hydr oer aeked, h§RIVEr @t e"d“b%adc‘ﬁc’ A Rteen a0 gf i ﬁiﬂﬁéffw ﬁ%ﬁd@&@pr oduct

having a boil i NG R A Sor RN TH I Qo ddi Oyt <o QR tﬁaa%am??c;l;@smam aBoprelimnary
unconverted product having a boili ng range m ni num of about 700F (about
€

371" C), such thEffFHecp éfldi/%PﬁféHVa’ﬂ bh*@/@rtf‘ WIBgdet 2 18 ey acuum ga. soi |l
feedstrea. m 10Q4&LERPOGiNBN: ey HROHREQGESHnRIcx @Y cOmeuRfhid he previous
embodi ments, Werein the hydrocracki ng conditions_in the high-conversion
hydr ocr acki ng skalgereaiies @Eﬂﬁ‘f‘*?‘*e*ﬂ*e‘h’(’“th@ &t PEioh e rer §isgh Npevel  from about

60% to about 95(/%0 6950616219048 35arh0dE RBNL 046 710185DF 08868, ke @RY3, 0ne of the
previ ous enbodi ment's,  wherein the converted product fromthe

hi gh- conver si on®-RF et ackidtg? S8, e4HBi% sﬂda7 TR pufiser of at |east 51
and a sul fur cogf, Qmu&f Ed%%fmgﬁg%t; Sty ib@ﬂﬁl—@ BRI IR0 8RR padL et 5. The

process of any one of previ ous enbodi nent's, mhergln t he unconverted
product fromt hZﬁOhIf‘é;hi’-%iﬁmﬁéﬁ!sfp@?ﬁliWyUEﬁ@b?@é!@R \iOﬁdf\f’é’t%@d@ e8P ts a viscosity

| ndex_bet ween 80yand, HA0WRNHAIMNR! i (NBUIBONNAKLEH0PHORHEL, L1 oM ¢ he

hi gh- conver si on hydrocracki ng stage exhibits a pour point of |ess than -10C
and a ki nemati ¢ scosity at about 100"C of at |least 2 cSt.

(6623} In some embodiments of the invention in which there s a
hydrotreating step, the hydrotreating conditions can comprise one of more of! a

weight average bed temperature {(WABT) from about 550°F (about Z88°C) to



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
st age consi st ofial Iy of a mixture of a I:1SY cataly Wt h
from about O. ?0e2§§%f&gkabout 3.0 wt % pl ati ntun, based on t eUS\%vée)l?/g %Oof t he
USY catal yst, and a. ZSM 48 cat al yst | oaded W|th fromabout 0.1 wt%to
igggtﬂ%ng \(/jvt%p![ at7| n-LH’P based on ]Ehe| %\Bl grlu 3;] the ZtSrI\]/+48 cat al yst.II

odi nen e process of claim erein e vacuum gaso
feedstream has a nitrogen content of not greater than about 20 wppni and a
sul fur content oebomdEo°grledatet2’tPan b ouwssuisomphrm: 3A40053EEMIEdi ment 8. The
Rydr ocr acki ng. comr 1 one op Hal oo R Tae AR o S b B i e
conpri se a wei ghthoaivet Bigegibedb:d eﬁ@i@rm&um@uf tohivdboutn BBOF i(cabdmtf@BBC) to
VPag,) to about 006 prytl KBstt TS Ry o AR B hat 01 ke 1
to about 20 hr-ﬂavdlam ua;imaelrcmag&«m tbeatigassl vi’aatemf%oﬁmabolm abfO 18@fl bbi
(about 85 NmJiri ), RO, 10080, scf i bbi o [ -21
100541Enbodi ment” 57)0 EI“ u{flt?r(g}cessmo)f brm‘mc??c }104” (ﬁg% l%f’e“\gg% & DE‘!rr'i)o(‘)rcP ment s,
wherein the conmmdacpfoodlj@ﬂﬂ fatom ftﬂbmz M@MmM\A%ﬁpmmbhmdﬁ%m/ﬁskﬁ ng stage
has a yield of t}&rl ak Ebou N mnm(n € chs {1 gﬂutggg(y\@em 350'E (177C) and 700F
(371C) of at le f 3BV BASRE o Y e tof A" el ght "of the convert ed
product fromthe high-conversion hydrocrackl ng stage 100551Enbodi ment 10.
The process of e oi ortion

exhibits a suthéEont eﬁt"m‘émﬁ‘fﬂ‘ff’ ém“t’ ”56‘8{&6“‘16365'] 'Spl ﬁvn P h"“ gen
content of at Ie)aﬁbuaiaegtqrciprﬁep_mpmmmlmﬂﬁﬁaiamoﬁlzmnii»;tLm :[J?kampd? ogess of

any one of enbodi. 0,, w n th hxdrotre t| conpri ses
at | east one Gl %E AV/u| T”rf’rékda}ly\é@“ %’%&‘“f YO N '*%cim:af“hS n%‘i‘ At i on
thereof and at hsastolpnseRupe: W, Huhfﬁﬂ‘f&hm&ﬁkeﬁﬁ@dﬁfcr‘O(IlNﬂ o, W and a

conbi nation there nal Ly incl udl | um na
silica, titania™ i”r“f’i’égﬂt E%}‘Eﬁ \{ﬁ R ??%n) l"% fgo}‘&@ ?E’CW gsr in the
hydrotreating, ¢onditdonsenpEksewdicweights average.berk emaeriatdee from

about 550F (about 288C) to about 800F (about 427C), a total pressure from
about 300 psi g PEBYE D oYkYy-d- 6 A ST CIOB0Y RS (ABY R0 FRUPEg) . an LEW

from about 0.1 RQydlphigaRost;iR@chhgpvirane e bydipgen n'&dk@ia%bgﬁswﬁate from
about 500 sefibbl (about 85 Nms/nB to about 10000 scf/ bpl (about 1700

N7 Vi8) | and combinations thercof, and’a Group VIB wmetal such as molybdenam and/or
rangsten).
{¢025] In smbodiments of the invention in which there is a preliminary/first

hvdrocracking step, the preliminary/fivst hydrocracking conditions can typieally
be sufficient to attain a relatively low conversion level, e.g., less than 35%, less
than 30%, less than 43%, less than 40%, from about 5% to about 50%, from about
5% to about 43%, from about 5% to about 40%, from about 10% to about 30%,
from about 10% to about 45%, from about 103% to about 40%, from about 15% ¢
about 50%, from about 15% to abour 45%, from about 15% to about 40%, from
about 20% to about S0%, from about 20% to about 45%, from about 20% to about
40%, from about 25% to about 50%, from about 25% to about 45%, from about

28% to about 40%, from about 30% to about 50%. or from about 30% to about



100571Enbodi nent 12. The process of any one of enbodi nents 2-11, wherein
the prelimnary hydrocracking catal yst conprises a zeolitic base sel ected

fromzeolite t ite, X, zeolite Y, faujasite, ult ,
deal umi ni zed @Szﬁ?ﬁ(’é&% te, ZSM3, ZSM 4, ZSM 18, ZSM 20 J@??‘%’%%ﬁ’d

conbi nations thereof, which base is | opaded with either (i) a Goup VIII
nobl e netal sel ected fron1p|atinun1aﬁﬂlor palladiumor (ii) a Goup \' H
non -noble netal selected fromnickel, cobalt, iron, and conbi nation.s
thereof, and a G oup VIB netal selected fron1nn|ybdenun1and/or t ungst en.
100581Enbodi ment5%3 Comtresipr ged gsthe predimjraanérsofvdemtsobipaengss gefied wherei n
the effective hydrachagki,ng; GARHLELANZddLRGIRY BL4ALAALY, Bydr ocracki ng
stage are sufficient to attain a conversion |ev rom about’ 10%t o about
45% and/ or conprise a wei ght average bed tenperature fronlabout 550F (about
(about 4.8 NPa. BVEb anodt 3866 nel s PhBu P T3 st ls AR &0 o about
0.1 hr-1to aboﬂbtaﬁmhni%mandmhuhwdc@gemahm@@lmgagvomteﬁ$bDWLabout 500
igggg?:fn‘l()ggflrjrén?é E!m‘wjl)n%)st %Iz_\%z:oérsgklxg% ::IﬁQﬁ &,ln%i. s; % %‘?g% HQFg 1g8/ \r})\her ein

t he conbinationcmﬁ»pmeug@nm®m®edimﬂoduem»&NQNbehedhﬁ@hu&bmgenslon

E;g: gg: th: Pg gz\ggigol’ |016Cfe€”%8§l \/Igrbﬁ’%(}tiﬂpbngalﬁggt xm x)? i{m 11’} ‘» IJLbigfi!(%i{T]ﬁrgai % t he
range between 35@5m€ﬁ%7€&ﬂaﬁdxﬁﬁﬂﬁﬂé@ﬁlﬁ%i@ﬁUWM%ME@S&MB@MMH&%ﬂb@QBﬂ on the
conbi ned wei ght ‘ nycts from m nary
Frydr oor acki ng. BEUgE R INE K GHE Sar S FoRP Ty o0 ek o ho® SFAbe.
100601Enb0dlﬁenm\L@sbAihyﬂt@mkﬂﬁassﬁh@mpn&ﬂﬁsgﬁIhﬁ%&L&NS@h&Gbmwe for

distillate boil td duct t ed
o bt o ceel BT BRteaRre R RloE By and el dLom eyt 0
vacuum gasoi | f gedstoveamy klav;ung}:aMs*uj;)t W coantentm afomtod eastbapouyt 1000

wppm and a nitroge tent of at |east about 200 wnprn w a

hydr ogen- contaiggﬁgﬂP? %f2@%3%§%?%§hif% ﬁ%éfﬁ?ﬁggﬁggmngﬁiéE?Hr%treating,
catal yst under gfsfientirVeohydr@ts@at ng: @@ndiﬁm@{msm@y’fe:ﬁmmdhy@notreat ed
product; hydrocracking the hydrotreatfd product;. i ﬁgroeracklng
stage with a hydFbgediedntaahiimgVeriest ((gag "SOrR A “h"*bt“h* UHP% fite of a

first hydrocrackbhag : @@iaJrMﬁ &y&eﬁwngermeftfe@tﬂe (aw:i;wm Natking
condi ti ons sufflc ient to attain a conversion | evel not nore than 50% so

as to forma f|F§¥i”W96?5@ @E%édzmh§ﬁﬂgiPééﬁ@ﬁﬁﬁﬁbﬁﬁﬁf“E@bﬁé@éﬁl%g t he
first hydrocrackedm'hydeatl ket 8eLRrQAUCEsoi NLDma. ' first converted product
havi ng a boiling range maxi nrum of about 700F (about 371C) and a first
unconverted product having a boiling range m ni mum of about 7001F (about
371" Q), the figaivjconvertedRELAUG TRV ﬂg hoan@m% r‘f%ﬁ@a@u@w%eme nunber
of at least 40, a snDke poi nt of at | east mm_and_a sul fur content of
not greater thatc2ORRgRs bewas § paikgs ia%dmi‘effll”écﬁ PrYd it FEvtRg 14 ni t r ogen
content of not Qﬁe@L%Bm%H%ﬁaQQQH&u@ﬂuﬂ@ﬁﬁ%@ﬂgeﬁa@H&ﬁﬁ%nED&&ﬁﬂﬁ of not
greater than about 0 wppm hy rocracklng the first unconverted product in
a second hydrocW&@Rﬁﬁ@“@&é@@e@ﬁﬁhﬁé“ﬁydﬁogéﬁﬁeémWEFﬁ?ﬁg{t@e@?ﬁgas streamin
the presence ofga. o SLAGR JAr a6k aGKI 09 (CALALY Sl SYShem ungar effective
hydr ocraeki ng conditi-ons sufficient to attain a conversion |evél, of
greater than 55%nise ragset of fuoh fredstadcondliny drotrleamed!tidyy drodesdcked
product; ~and separ, a%;agz}m £.REGONL, JM&&%E@%E#Q&M@%919&9%& ugduct nto
a second converted oduc aV|n an maxi mum about 700F
(about 3710 an&yﬁ%ééedﬁdlGﬁndmdékﬁéddbmﬁﬁuﬁvﬁHavmmﬁPaﬂb@rt?WQWX%MQe

m ni mum of about, 700F N LQHG 371C), the second converted product having one
or nore of a cetan er of at least 45, a snoke point of at |east 20 nm
and a sul fur content of not greater than 12 wppm the second unconverted
product having one or nore of a viscosity index of at |east 80, a pour
poi nt of less than 5C, and a kinematic viscosity at about 100C, of at |east
1 cSt, wherein the two-stage hydroeracking catal yst systemconprises (i) a
1, 1SY catal yst containing platinumand/or palladiumand (ii) a ZSM 48

catal yst containing platinum and/or palladium and optionally wherein one
or nore of the follow ng are 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 wppm (h) the hydrotreating catal yst
conprises at least one Goup VIII netal selected fromN, Co, and a

conbi nati on thereof and at |east one Goup VIB netal selected fromM, W
and a conbi nation thereof, optionally including a support conprising
alunlna 5|I|ca tltanla Z|reon|a or a conblnatlon t her eof ; (c) the

A A 1 o, Y LT o o o 1 . o [T o



total pressure from about 700 psig (about 4.8 MPag) to about 2000 psig
(about 13,8 MPag), an LIISV fromabout 0.1 hr-1 to about 20 hr-1, and a
hydr ogen trea £ from about 500 sct7bbl (about 8 to
about 10000 S%B&ﬁﬁ %ﬁ oout 1700 Ninl/tri'); (g) the flrsﬁxﬁﬁggﬁ&g??éd
product has a nitrogen content of not greater than about 20 wppm and a

sul fur content of not greater than abdut 150 wppm (h) the hydrocracking
conditions in the second hydrocraeking stage arc sufficient to attain a
conversion |evel fromabout 60%to about 95% (i) the converted product
fromthe second {#28F ocrﬁxe’%mg ag g ed exbirpitogn 4o eidranec huhber cof at | east 51
and a sul fur coptent..of,,nek. ar.ealieh &hamh 404 of dhod RS URCOPYELE ed

pr oduct fron1the‘$e€8n§nﬂ d?o&facﬁ{hg)s age §§ﬁqﬁfts g’V|scos?%j;§n dex

bet ween 80 and 1«0Qhe z(aic)idqdheecuﬂrcmn%p&sedpipm@ﬁtuwtadﬁwgmnqdme osemmdhu
hydrocracki ng stage, exhi.bit t.. of th qand a

Ki nemati c V|sco§?%y“§t Ab ?iﬁﬁﬁﬁ& Hv”glbiggﬁ %?i?i it fifm;o st age

cat al yst systenm@ﬁ%WMEﬂsé@wnﬁthgﬂ@GMadknmgds@a@wnmmWSMQtsme$@@nt|aIIy of a
m xture of a LI w.th fr . ot 9. about 3.0 wt %
pl ati num based§§ﬁgtt‘“¥§&“ﬂ gX“Hb kﬁ %@k ?alaygtsM T4 %M 48 cat al yst
| oaded with fromwab@uﬂmﬁwﬁmkim&mgu@bﬂuh Slﬁrmw®@®haMlmunﬁnﬂb@sed on the

wei ght of the Z%&‘su[l}gt ?m ?@\«é’s n fh(jn)e tms Wt‘ I}w%ci:[; L(Xbi 1inypt<>%cert§:’aegi§xlnqgn 40nd| tions
of the second hy yarocr ackin aver ag "bed enperature
f rom about 550F16a@@mgm2£8£3nm@dmbduﬁnBGﬁHu@ab@utuAﬁmEmbhaomakaj pressure
front about 700, psi,.g.[abou it 200( S|g (about 13,8
MPag) , ' , RSV froﬁgiﬁgﬁgf&b&‘ hPCXMRg q%ﬁogfugp‘ﬁﬂ ig ﬁﬁna hydr ogen treat
gas rate from about 500 scf/bbl (about 85 NnB/nB) to about 10000 seEbb

(about 1700 Nal (. he convert ,

hydr ocr acki ng s{§g§ haspg Y EP oY it gfggomﬁﬁﬁwﬁﬁ‘H$%%iﬁ%§?%ﬁé%3betmeen
3507 (177C) andpi608ks@3#EG)veptomtadl @astdi@%ﬁ%%ﬁﬁa&eﬂ @ﬁpdlbﬁb ts@&}ﬁk wei ght
of the converted groduct fro t he sechd hydr crac% st age; g 0) the
combi nati on of PHE MUY PEE 6T@dﬁﬁppfr8ﬁ? ﬁ% Hit H’%%'VéFET%%”ﬁV rocr acki ng
stage and the C@@Mﬁd‘ Ilﬁﬁ‘;d-p{EQduzC& et oM thecupiol I RAnschkaoss agkicng st age
c.-, olllectlveLy gg ie d of material ?Oklln in the range bet ween 350F
(177C) and 700 FEPT FFPSAPIPEESES SRS BASBHOBRP e (U ned wei ght of
the converted p&@«dﬂﬁ&@u{nﬁ&%aﬁoi h@@hh@niﬁf*\ﬂrld(,B]n@@lf“wb,m{&’(ﬁ@gtﬁ&Qflfdcnaghﬁéiage and

t he hi gh-conversi on hydrocracki ng stag anple | 100611l n Exanpl e
1, a vacuun1gas%|‘fﬁh§“bﬁb#W&@H“?%d%V%%DIE?&ﬁé”hﬁ??“ﬁf%%ﬂ?Wfﬁﬁt%tage of

whi ch was | oaded:owhd & Re @me&i@q|ﬁ)ﬁm§‘(@ih'¢@@h&ét@fﬂﬂ@ sansuppert ed G oup
VIIB/ Goup VIII (e.g hydr ot reati ng, gatalyst and the second stage
of which was Ioﬂﬁ@ﬁ3Mf?%hﬁﬁﬁé“@ﬁmﬁﬁém%%ﬁﬁ’éénﬁé?@ialIy avai | abl e

al um na- supported Group A/TB/ Group VIII (e.g., NTMO hydrotreatlng

catal yst, followed by a commercially avail able G oup A/ 111-

and/ or Pd-) | oad8H1 USNR: ydrcoerhes kit Saditiljae porrpe qfé*tw@@nwwﬁw%w% eat | ng
to hydrocracki ngGalalysdusNas uf fdoafcmé@&%ofl%@90&:&0%&91EmﬁQ!s,?z@m
respectively. -In the two-stage unit, the vacuum gasoil was th

bydr ot r eat ed t BV baest io(as gt mowtexisting feumshy  opgingHes %‘&ﬁ“{ﬁihppbf erably
at | east 99, 9% hy, nei Q)ty\kk%szgfmﬁt%g s Sk fn rud@@sﬁ@’@@?otg ?mgedtuhé(g PhLeallng 26
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of the unconverted products (which still had a vacuum gasoil boiling
range), which were then diverted as a hydrotreated, hydrocracked vacuum
g,asoil feedstreamdetails in Table 1 below) to a further relatively

hi gh- conver si on hydrocracki ng stage according to the invention. Table
Hydrotreat ed, Hydrocracked V& Feedstream APl gravity Sul fur, wppm

Ni trogen, wopm:33.5 21.4 19
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onverted products are split by boiling range into a kerosene cut and 3 diesel cut,
the smoke point of the (distillate portions of the) anconverted products should be
anderstood to refer only to the kerosene cul, 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 contertt, and cetane number should be

understood 1o refor collectively o the combined kerosene and dicsel cuts.

{06311 The feedstock provided to any of the hydroprocessing processes
according to the invention can, in sowe ersbodiments, comprise both a biofeed
{lipid material) portion and a mineral oil portion. By “wineral oil” is rocant a
fossil/mineral fuel source, such as crude oil, and vot the comuercial organic
product, such as sold under the CAS number 8020-83-5, e.g., by Aldrich. Inone
crmbodiment, the Hipid moaterial and mineral oil can be mixed together prior to any

hyvdreprocessing step.  In another embodiment, the lipid matertal and mineral oil

can be provided as separate sirearos into an appropriate processing uoit or vessel,
[6032] The term "lipid material” as used according to the invention is a

composition comprised of biological materials. Generally, these biological
matarials inchude vegetable fatg/oils, animal fate/nils, fish oils, pyrolysis oils, and
algae lipids/oils, as well as components of such materials. More specifically, the
fipid material includes one o 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, chioroform, alkyt acetates, benzene, and combinations thereof.

18633} Major classes of lipids inchude, but are not necessarily limited to, fatty

sphingosine-derived lipids {including ceramides, cercbrosides, gangliosides, and

&

sphingomyeling), steroids and their derivatives, terpenes and theiwr derivatives, fat-
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soluble vitamins, certain aromatic compounds, and long-chain alcohols and

Waxes.
16634} In living organisis, Hipids generally serve as the basis for cell

membranes and as a form of fuel storage. Liptds can also be found conjugated
with proteins or carbohydrates, such as in the form of lipoproteins and

lipopolysaccharides.

[6835] Fxamples of vegetable oils that can be used in accordance with this
invention toclude. but are not limited to rapeseed {canola) oll, soybean otl,
coconut oil, sunflower oi, palm oil, palm kernel oil, peanut ol linseed oil, tall
oil, corn oil, castor oil, jatropha oil, jojoba oil, olive oil, flaxsced o, camelina oil,
safflower oif, babassu oil, tallow oi] and rice bran ol

6036} Vegetable oils as referred 1o hevein can also include processed
vegetable ofl matevial. Non-liraiting exaruples of processed vegetable oll material
include fatty acids and fatty acid alky! esters. Alkyl esters typically inchude C-Cs

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

{6037} Examples of animal fats that can be used in accordance with the
invention include, but are net limited to, beef fat (tallow), hog fat (lard}, tuikey
fat, fish fat/oil, and chicken fat. The animal fats can be obtained from any suttable

source including restaurants and meat production facilities.

[6038) Animal fats as referred to hersin also include processed animal fat
material. Non-limiting examples of processed animal fat material include fatty
acids and fatty acid alky! esters. Alkyl esters typically inclade C-Cs allcyl esters.

(ae or more of methyl, ethyl, and propvi esters are preferred.
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FPhaeodactylum tricorautum, Pleyrochrvsis corterae, Prysuesivm parvuns,

Tetraselmis chui, and Chigmypdomonas veinhardtii.,

(6641} The lipid material portion of the feedstock, when present, can be
comprised of triglycerides, fatty acid allkeyl esters, or preferably combinations
therenf. 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 fucl, preferably at least 0.8 wt%, for cxample at {cast
1 wi%, at least 2 wi%, or at least 4 wtt. Additionally or alternately where lipid
matgrial is present, the feedstock can include not more than 40 wit% lipid material,
based on total weight of the feedstock, preferably not more than 30 witYs, for

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

{6042} In embodiments where lipid material is prosent, the feedstock can
include not greater than 99.9 wt% mineral oil, for example not greater than

99,8 wit, not greater than 99.7 wi%. not greater than 99.5 wte, not greater than
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9% wit%, not greater than 98 wi%, not greater than 97 wi%, not greater than

95 wi%s, not greater than 90 wi%%, not greater than 85 wt % mineral oil, or not
greater than 80 wi%s, based on total weight of the feedstock. Additionally or
alternately in embodiments where lipid material is present, the feedsiock can
include at least 50 wi% mineral oil, for example at least 60 wi%%, at feast 70 witds,
at least 75 wi%%, or at least 80 wi% mincral oil, bascd on total weight of the

feedstock.

[6043] In some embodiments where lipid material 18 present, the lipid
material can comprise a fatty acid alky! ester. Preferably, the fatty acid alkyl ester
comprises faity acid methyl esters (FAME), fatty acid ethyl esters (FAEE), and/or

fatty acid propyl ¢sters.

[G044] Auny type of reactor suitable for hydrocracking can be used fo carry
out the any of the hvdrocracking stages iu the processes according to the
invention, Examples of such reactors can include, but are not limited to, trickle

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

j{45] Additionally or alternately, the present invention can include the

following embodiments.

{0346} Fmbodiment 1. A hydrocracking process on a vacuwm gasoil
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 gaseil feedstream in a high-conversion hvdrocracking
stage with a hydrogen-containing treat gas stream in the presence of a two-stage
catalyst system under offective hydrocracking conditions sufficient to attain a

conversion level of greater than 55%. so as to form a hydrocracked product; and
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separating the hydrocracked product into g converted product having a boiling
range maximurm of about 700°F {about 371°C) and an unconveried product
having a boiling range minimum 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
teast 20 mm. and a sulfur content of not greater than 12 wppry, the uoconverted
product having onc or more of a viscosity index of at lcast 80, a pour poiut of leas
than 57, and a kinematic viscosity at about 100°C of at least 1 ¢5¢, wherein the
two-stage catalvst system coraprises (1) a USY catalyst contatning platinwm and/or

palladivrg and (i) a Z8M-4K catalyst containing platinum and/or palladium.

j0047] Frbodiment 2. The process of embodiment 1, wherein the vacuum
gasoil feedstream having a nitvogen content of not greater than about 3¢ swppm
and a sulfur content of not greater than about 300 wppm s formed by
hvdrotreating a crude oil portion having a sulfur content of at least abont 1600
wppm and a niftogen content of at least shout 200 wppm with a hydrogen-
ontaining treat gas strearn in the presence of a hydrotreating catalyst under
effective hydrotreating conditions to form a hydrotreated product; hyvdrocracking
the hydrotreated product in a preliminary Wrydrocracking 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 preluninary hydrocracked,
hvdrotreated product; and separating the preliminary hydrocracked, hvdrotreated
product into a preliminary converted product having a boiling range maxinum of
about 700°F (about 371°C) and a preliminary unconverted product having a
bailing range minimum of about 700°F (about 371°C}, such that the preliminary

uncenverted product is the vacuum gasnil feedstream.

{6048} Embodiment 3. The process of any one of the previous emibodiments,
whoroin the hydrocracking conditions in the high-conversion hydrocracking stage

are sutficient to attain a conversion level from about 60% to about 93%,.
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(6049} Frmbodiment 4. The process of any one of the provious ernbadiments,
whereln the converted product from the high-conversion hydrocracking stage
exhibits a cetane number of at {east 51 and a sulfur content of not greater than 10

WPTHIL

10038] Erabodiment 3, The process of any one of the previous erobodiments,
wherein the unconveried product from the high-couversion hydrocrackiog stage
exhibits a viscosity index between R0 and 140 and/or wherein the uoconverted
product from the high-conversion bydrocracking stage exhibits a pour point of

Jess than -10°C and a kingmatic viscosity at about 100°C of at least 2 ¢S4

{60511 Embodiment 6. The process of any ouc of the previous crubodiments,
whergin the two-stage catalyst systero of the high-conversion bydrocracking stage
consists essentially of g mixture of a USY catalyst loaded with froro 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,

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

{8352} Embodiment 7. The process of claim 1, wherein the vacuum gasoil
feedstream has a nitrogen content of not greater than about 20 wppwm and a sulfur

content of not greater than about 150 wppm.

{G053] Embodiment 8. The process of any one of the previcus embodiments,
wherein the effective hydrocracking conditions of the high-conversion
hvdrocracking stage comprise & weight average bod temperature from about
550°F {about 288°C) to about 800°F (about 427°C), a total pressure from about

700 psig (about 4.2 MPag) to about 2000 psig {about 13.8 MPag), an LHSV from

~ N ] . N
about 0.1 b to about 20 he'', and a hydrogen treat gas rate from about 500

scf/bbl (about 85 Nov'/ov') to about 10000 scf/bbl {about 1700 N’ im™),

21.
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(6354} Embodiment 3. The process of any one of the previous embaodiments,
wherein the converted product from the high-conversion hydrocracking stage has
a vichd of material boiling in the range between 350°F (177°C) and 700°F (371°(0)

of at least 35 wi%, based ou the total weight of the converted product from the

high-~conversion hydrocracking stage.
[6055] Frabodiment 10, The process of any oue of embodimentis 2-9,

wherstn the crude oll portion exhibits a sulfur content of at least about 10000

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

j6056] Frubodiment 11, The process of any one of embodimentis 2-10,
whercin the hydrotreating catalyst comprises at least ooe Group VIHIE mctal
selected from Ni, Co, and a combination thereof and at feast one Group V1B metal
selected from Mo, W, and a combination thereof, optionally wncluding o support
comprising alumina, silica, titania, zirconis, or a combination thereof, and/or
wherein the hydrotreating conditions comprise a weight average bed temperature
from about S50°F (about 28&°C") to about 800°F (ahout 427°C), a total pressure
frony 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 h”?, and a hiydrogen treat gas rate from

about 500 scf/bbl (about 85 Nan'/m’) to about 10000 scfbbl (about 1700

Nm/m’h.

{6057} Embeodiment 12. The process of any oue 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, 28M-3, ZSM-4, Z85M-18, Z25M-20, £Z5M-48, and combinations
thereof, which base is leaded with sither (i) 2 Group VIH noble metal selested

from platinum and/or palladium or (i) a Group VHI non-noble metal selecie
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from nickel, cobalt, iron, and combinations thereof, and a Group VIB metal

selected from molyhdemum and/or tungsten.

[B058] FEmbodiment 13, The process of any one of embodiments 2-12,
wherein the effective bydrocracking conditions in the prelimoinary hydrocracking
stage are sufficiont to attain a conversion lovel from abont 10% 1o about 43%
and/or comprise a weight average bed temperature from about 350°F (about
288°0C) to about 800°F (abont 427°C), a total pressure from ahout 700 psig (about
4.8 MPag) to about 2000 psig (about 13.8 MPag), an LHSV from about 0.1 b 1o
about 20 b, and a hydrogen treat gas rate from about 300 scf/bbl (about 85

Nro'/m®) to about 10000 scf/bb! {about 1700 NmYm® 1

FERERS Y Embodiment 14, The process of any one of embodiments 2-13,
whereio the combination of the converted product from the high-conversion
hydrocrackiog stage and the converted product from the preliminary
hydrocracking stage collectively bas a vield of material boiling 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 fror both the preliminary

hydrocracking stage and the bigh-conversion bydrocracking stage.

(8068 Embodiment 15, A hydroprocessing process that is selective for
distillate boiling range converted products and vielding unconverted products
useful as lubricants, which process comprises: hydrotreating a vacuum gasoil
feedstream having a sulfur coantent of at least about 1000 wppm and a nitrogen
content of at feast 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 cffective 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 fivst hydrocracked,
hydrotreated product into a first converted product having a boiling range
maximum of about 7067F {about 371°C) and a first unconverted product having a
boiling range minimum of about 700°F (about 371°C), the first converted product
having one or wore of a cetane vumber of at feast 40, a smoke point of at least 19
mm, and a sulfur content of not greater than 20 wopw. the first uncooverted
product having a nifrogen content of not greater thap about 5O wppm and a sulfur
content of not greater than about 300 wppry; hydrocvackiog the fivst unconverted
product in a second hydrocracking stage with 8 hydrogen-coniaining treat gas
stream in the presence of a two~stage hydrocracking catalyst system ander
effective hydrocracking conditions sufficient to attain a conversion level of
greater than 55%, so as to form a second hydrotreated., hiydrocracked product; and
sgparating the second hydrotreated, hyvdrocracked product info a secound converted
product having a boiling range maxivour of about 700°F {about 371°Cland a
second unconverted product baving a boiling tasge minimum of about 700°F
{about 371°C), the second converted product having one or more of a cetane
number of at least 45, a smoke point of at {east 20 mum, 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 feast 1 ¢St, wherein the two-stage hydrocracking
catalyst system comprises (i} a USY catalyst containing platinun and/or
palladiv and (i) a Z8M-48 catalyst containing platinum and/or palladium, and
optionally wherein onc or more of the following are satisfied: {a) the vacuum
gasoil feedstream exhibits a sulfur content of at least about 10000 wppm and a
nitrogen content of at least about 1000 wppm; (b) the hydrotreating catalyst
comprises at least one Group VT metal seiected from Ni, Co, and 2 combination
thereof and at least one Group VIB metal selected from Mo, W, and a
combination thercof, optionally including a support comprising alumina, silica,
titania, zirconia, or a combination thereof, (¢) the hydrotreating conditions

NN

coraprise a weight average bed temperature from about 550°F {about Z88°C) to
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about 800°F {about 427°C), a total pressure from about 300 psig (about 2.1 MPag)
i about 3000 psig (abour 20.7 MPag), an LHSY from about 8.1 hr'' to ahoot 20
hr'!, and a hydrogen treat gas rate from about SO0 scf/bbl {about 85 Nm*/nr) to
about 10000 scf/bbl (about 1760 Nim'/nt’}; (d) the first hydrocracking catalyst
comprises a zeolitic base selected frorn zeolite Beta, zeolite X, zeolite Y, faujasite,
alirastable Y, dealuminized Y, Mordenite, ZSM-3, Z8M-4, ZEM-1K, Z8M-20,
£SM-48, and combivations thereof, which base is loaded with either () a Group
Vi noble metal selected fror platinum and/or palladium or () a Group VI
non-neble metal selected from nickel, cobalt, iton, and combinations thereof, and
a Group VIB metal selecied from molybdenum and/or tungsten; {¢} the
hydrocrackiog conditions tn the first hydrocracking stage are sufficient to attain a
conversion fevel from about 10% to about 45%; (f) the effective hydrocracking
conditions of the preliminary hydrocracking stage comprise a sweight average bed
teraperature from about S50°F (about 288°C) to about 8007F {about 427°C}, a
total pressure from abow 700 psig (about 4.8 MPag) to about 2000 psig (shout
13.8 MPag), an LHSV fror about 0.1 he™' to about 20 he'?, and a hydrogen treat
gas rate frorn about 500 scf/bbi (about 85 Nm /m’) to about 10000 scf/bb {about
1700 ng/m%); {g) the first unconverted product has a nitrogen content of not
greater than about 20 wppm and a sulfur content of not greater than about 158
wppin; {h) the hydrocracking conditions in the second bydrocracking stage are
suffictent to attain a conversion level from about 60% to abour 95%; (i) the
converted product from the sceond hydrocracking stage exhibits a cotance mumber
of at least 51 and a sulfur content of not greater than 10 wppmy; (§) the vncenverted
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 kinewmatic viscosity at about 100°C
of at least 2 cSt; (1} the two-stage catalyst system of the second hydrocracking
stage consists essentially of a mixture of a USY catalyst loaded with from about
O.1 wt% to about 3.0 wi% platinum, based on the weight of the USY catalyst, and

a Z5M-48 catalyst loaded with from about 0.1 wit% to about 3.0 wt% platinum,
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based on the weight of the Z8M-48 catalyst: (m) the effective hydrocracking
conditions of the second hydrocracking stage comprise a weight average bed
ternperature from about S50°F {(about 288°C) to about 800°F (about 427°C), a
ttal pressure from about 700 psig (about 4.8 MPag) to about 2000 psig (about
13.8 MPag), an LHSV from about 9.1 h v 1o about 20 el and a hydrogen treat
2as rate from about 500 sct/bbi (about 85 N /o) to about 10000 scf/bbl (about
1700 N/ ): (1) the converted product from the second hydrocracking stage has
a yield of ruaterial boiling in the range between 350°F (177°C) and T00°F (371°C)
of at least 35 wi%, based ou the total weight of the converted product from the
second hydrocracking stage; and (o) the combination of the converted product
frows the high-conversion hydrocracking stage and the converted product from the
prelioinary hydrocracking stage collectively has a yield of material boiling 1o the
range between 350°F (17790 and 700°F (371°C) of at least 36 wit%, based on the
combined weight of the converted products fror both the preluminary

hyvdrocracking stage and the high-conversion hydrocracking stage.

Example 1

{8661} InExample 1, a vacuum gasoil was provided to a two-stage unit, 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 move of the same commercially available alumina-
supported Group VIB/Group VT {e.g., NiMa) hydrotreating catalyst, foliowed by
a commercially available Group VIH- {e.g., Pt~ and/or Pd-} loaded USY
hvdrocracking catalyst, The ratio of bydrotreating to hyvdrocracking catalyst was
from about 40/60 to about RY20, respectively. In the two-stage unit, the vacuum
gaseil was both hydrotreated to remove most {e.g., at least 99% by weight, and

preferably at least 99,996 by weight) of the sulfur content {e.g., hydrotreating
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(W-40'C, c-t
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RON (road octane) Viseosity,

Kinematic Viscosity

WO 2012/050765

cSt
.(--100*C, eSt

Ki nematic Viscosity

Vi scosity | ndex
PCT/US2011/052470

onditions included o WART between about 600°F and 830°F, a total pressure
from shout SO0 psig to about 3000 paig, a hydrogen partial pressure from about
300 psig to about 3000 psig, & hydrogen treat gas rate from about 500 sc/bbl to
about SO00 sct/bbl, and an LHSV from about 0.2 ke to about 10 hr''y and
hydrocracked at relatively low (e.g., up to about 50%) conversion conditions {e.g.,
approximately the same as the hydrotreating condittons hercinabove). The
product from the two-stage unit was sent to a separation stage, where converted
products (such as a diesel cut, a kerosene cul, and other hight ends) were separated
out from the remainder of the unconverted products (which still had a vacuum
gasoil boiling range), which were then diverted as a hydrotreated, hydrocracked
vacuaum gasoil fecdstream {details in Table 1 below) to a further relatively high-
conversion bydroeracking stage according to the tnvention.

Table §

Hydrotreared, Hydrocracked VGO Feedstream
APY gravity 335
sulfur, wppm 214
Nitrogen., wppm g
Kinematic Viscosity (o~40°C, et 2265
Kinematic Viscosity @ ~180°C, ¢S¢ 462
Pour Peind, °F°C) 3434
Irstillation (ASTAM D2BET

TH.5, °F(°C) 361{2943
T&, °F(°Cy 6473423
10, “F{°C) E83(363)
T2, “F(°C) 732(389)
138, °F{°C) TE6{408)
T4, °r(°E) 794{423)
159, °F(°0) B19(437)
1468, °F(°L) HA5(452)
178, °F () &71{468)
T8O, °F(°C) 903 1{483}
o, °FeC) 415053
185, “F(°C) 97305233
T99.5, °F(°C} 1051{566)
3+ Ring Aromatics, mmel/’kg 3357
3+ Ring Aromatics, mmelkg 1694
‘otal Arpmatics, mmed/kg 661.3
H, Content, mass% 35

196621 In this second hydrocracking stage, two ~100 et pilot units {with no

. « « s - b
intermediate degassing) were charged with about 67 cm of a catalyst system

coraprising a Pi-loaded ZSM-48 combincd 111 by volume with a ceramic filler



5.01 24.38 4.91 127.4. Table 4 -90% Conver si on

Case Cut | (--300(T-) _
WO 2012/050765 PCT/US2011/052470

b3
-

medium (e.g., 13/45 mesh Denstone®, commercially available from Saint-Gobain
Norpro of Stow, Ohio), followed by about 133 o’ T(~33 em’ in the first unit, and
the remainder in the second uait} of a catalyst system comprising a Pt-loaded
USY catalyst combined 1:1 by volume with a coramic filler raedium {e.g., 13/45
mesh Denstone®, commercially avatlable from Satnt~-Gobain Norpro of Stow,
Ohio). The first stage pilot unit was operated o an upflow condition, and the
second stage pilot uumit was operated jn a downflow condition.
Reduction/Sulfiding of the catalysis in the second bydrocracking stage, ay
necessary priot to contacting with the bydrotreated, hydrocracked vacuum gasoil
feedstream, was/were done using hydrogen gas comyprising about 400 vppm H, 8

at about 350°F {about 177°0),

{0063} The hydrotreated, hydrocracked vacuuam gasoll feedstream was
contacted with the catalysts in the second hydrocracking stage at a total pressure
of about 1250 paig (about &6 MPag), an LHSV of about 1O ', a hydrogen treat
gas rate of about 4000 scbbl {sbout 680 N’y of ~100% H,, and a
ternperature (WABT) ranging from about 600°F (abour 316°C) to about 690°F
{about 366°C). About 30-35% conversion of the feed was attained at a
temperature of about 650°F (about 343°0); about 90% conversion of the feed was
attained at a temperature of about 870°F (about 354°CY; and about 95-87%
conversion of the feed was attained at a teraperature of about 690°F {about
3667, Temperatures were further tweaked between about 630°F (about 3439
and about 670°F {about 354°C} to attain approximately 63% conversion and
approximately 453% conversion, Bletailed analyses of the ~35%, ~65%, and ~90%

conversion products are shown in Tables 2-4 below, respectively.



Cut 2 (300-4004) Cut 3 (400-550F) Cut 4 (550-700F) Cut 5 (-700F+) API
gravity 62.1 52.3 48.9 44.7 33.9 Density(ii,,-15C, glee

WO 2012/050765 PCT/US2011/052470
Table 2
~33% Conversion Cut i Cut2 | Cut3 Cat 4 Cut 3
Case {~306°F-) 308-400°F) | (4D0-550°F) | {850-T06°F) | (~T00F+)
APT pravity &0.8 49.4 43.8 4.5 7.4
Seasitywe-157C, glee 0.838
Sulfur, wppm 1.5 3 7.1
Nitrggen, wppm i
Cloud Peoint, °C <1t 237
Ponr Polat, °C
Smaoke Paiut, mm 21
Cetane Number (IR} 7.8 G639 i3
MON {motor octane) 617 553
RON (road octans) ¢ 50.7
Viscosity, i 306
Kinematic Viscosity 24.08
G~48°C, e8¢
Kinematic Viscasity 4.96
G~186°C, ¢S5
Vigeosity Index 1345
Table 3
~65% Couversion Tt i Cut2 {Cat3 Cut 4 Cut 3
Case -300°F) | (300-480°F) | (406-550°F) | {SS0-THUCT) | {~TO0PFH)

AP gyavity 60.2 50.6 46.1 423 37.2
Bensiiy@~15°C, g/oe 0.83Y
Suffur, wppm { { 3.2
Nitrggen, wppm i
Clond Peint, °C -12.7 i2.5
Pour Point, "L 5
Smaoke Point, mm 21
Cetane Nuraber (IR) 58.8 639
MON (moter octane} 9.7 525
RON (road octane) 346 458
Viseosity, ¢St 301
Kiuematic Viscosily 2438
@~48°, ¢t
Kinematic Viscssity 491
@-188°C, oSt
Viscosity Indey 127.4




.856 Sulfur, wop in N trogen, wpm 11 18.5 d oud Point,
WO 2012/050765 PCT/US2011/052470
29 -
Table 4
~94% Conversion Cut i Cut 2 Cut3 Cut 4 Cut 3
Case {~396°F-) 308-400°F) | (400-550°F) | {836-THI°E) ~TOGOF+)

AFI gravity 62.1 32.3 48.9 44.7 334
Densityio~1 5°C, gfce 0,836
Subfur, wppmn 1 ] 18.5
Nitrogen, wopm i
Cloud Point, °C -2t
Pour Peiat, °C -37
Smoke Point, am 20
Cetane Number (18]} 9.7 658
MON (motor octane) 572 487
RON {road sctane} 333 465
Viscosity, £8t 6.01
Kinematic Viscosity 3330
@487, ¢St
Kinewatic Viscosity S.85
@~188°C, o5t
YViscosity {ndex 1672

{0064]

described above with reference to varicus exemplary and preferred embodiments.,

The principles and modes of operation of this tnvention have been

As understood by those of skill in the art, the overall invention, as defined by the

claims, cncompasscs other preforred embodiments not spocifically cnumerated

herein,

e



Pour Point, 'C -37 Snoke Point, 111113 Ceta31C NRinber (IR 20 59.7
63.5 MON (notor octane) 57.2

-30 -
CLAIMS:

1. A hydrocracking process on a vacuum gasoil feedstream being
selective for distillate boiling range converted products and yielding
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

separating the hydrocracked product into a converted product having a
boiling range maximum of about 700°F (about 371°C) and an unconverted
product having a boiling range minimum 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 ¢St,

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

wherein the vacuum gasoil feedstream 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 stream in the presence of a hydrotreating catalyst



48. 7

(i Sp--4(FC, eSt Kinematic Viscosity (--100C. cSt Viscosity |ndex

35 30

-31 -

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 attain 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.

2. The process of claim 1, wherein the hydrocracking conditions in
the high-conversion hydrocracking stage are sufficient to attain a conversion

level from about 60% to about 95%.

3. 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.

4. The process of claim 1, wherein the unconverted product from
the high-conversion hydrocracking stage exhibits a viscosity index between 80

and 140.

5. 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 cSt.

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

RON (road octane) 53.3 46.5 Viscosity, eSt KiiteMa tic Viscosity

6. 01



3.85 1 07.3 [00641' Me principles and nodes of operation of this invention
have been descri bed above with reference to various exenplary and preferred

enbodi ments. As understood by those of skill in the art, the overall
invention, as defined by the clains, enconpasses other preferred
enbodi ments not specifically enunerated herein. - 30 - CLAIMS: 1.A

hydr ocr acki ng process on a vacuum gasoib -f eedstream bei ng sel ective for
distillate boiling range converted products and yiel ding unconverted
product s uslef highasorivetsioe ytisgcradking spagecmssistoegsentialdy of a miytuowdfliang a
vacuum gasoi |__feedstream havij ngf a ni trog{en cont ent of n tﬁor ea&gir t han
about 50 whitnY satplustslorded widhtleom #rouidl-1 gveat ©r abeins - ApBilte BEGIONEbM

hydr ocracking the yvacuum.g il dstream in -0 GOn 0 .

hydr ocr ac kbﬂ%ds?%é%e Weﬂéﬁta&ﬁ@]ﬁrgégﬁg%gﬁtsgi%dn%%térl\ég‘{g gég%ﬁ/y?i jééaa%di VrY_ltPhe
presence O?roﬂ% %%ﬁ@b?lg%t%aﬁ@h}!éﬁt FYSHem gﬁﬁﬁﬁnﬂfﬂa‘é‘@(‘l IonethRy fengt akiheg
conditions sufficient to attain a conversion |evel of greater than 55% so
as to fornZsMwidracalastked product; and separating the hydrocracked

product into a converted product having a boiling range maxi num of about
700F (about 371C) and an unconverted product having a boiling range m ni num

f about 700F bout,371C), th t g t havi : f
cetane number of- at 1BSgtoues S ERTRel ponRRIGHNE var Bl SagTiasPRRg Sui Fur
content of yaop n%?@é?%(g{tgﬁp?ﬂé?%gierttg%} HHGADIF W@ﬂl Eﬁg%uﬁq}lfd}aéﬂn@&tone or

nore of a viscosi ex o east a pour i nt ess than 5C, and

a ki nenatigfﬁd)tsg‘@gﬂetmaaltalﬂﬁ@qtjolq%pf at least 1 cSt, wherein the
t wo- st age catal yst system conprises (i) a USY catal yst containing a G oup

VII1 noble netal selected fromplatinum palladium and conbinations
thereof and (ii) a ZSM 48 catal yst confaining a,Goyp VIl noble netal
sel ected from p%ati nﬂ;r/{3 Iﬁfé’FF%?dPﬁrﬁla%d . OMSTHAL thsn STIERAYS Y Aramacking ei n

the vacuum gagalhs fedR! ﬁl?mbﬁvgrﬁ%ﬁeﬂygydcracking 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>/m?).

9. The process of claim 1, wherein the converted product from the
high-conversion hydrocracking stage has a yield of material boiling in the
range between 350°F (177°C) and 700°F (371°C) of at least 35 wt%, based on
the total weight of the converted product from the high-conversion

hydrocracking stage.

10.  The process of claim 1, 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.

11.  The process of claim 1, wherein the hydrotreating catalyst



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-containing treat gas streamin the presence of a hydrotreating
catalyst -31 - under effective hydrotreating conditions to forma

hydr ot reat ed product; hydr ocracki ng the hydrotreated product in a
prelimnary hydrocracking stage with a3Bydrogen-containing treat gas stream
in the presence of a prelimnary hydrocracking catal yst system under

ef fective pomiprisenaaty ldagtracr edoupg Vdbindn¢tabrsslestdd ifeoraniNit oCay tamidn aa
conversion |level of not nore than 50% so as to forma prelimnary

hydr ocr ack 6embHasios: theraoddanst ablsast oagmgroup VG pstaliselgsted &rom dMomhar y
hydr ocracked, h drbotreat d product into a prelimnary converted product
having a bonf# n}é%fé(’fh@s?r% of about 700F (about 371C) and a prelimnary
unconverted product having a boiling range m ni num of about 700F (about
371C), such that the prelimnary unconverted product is the vacuum gasoil

f eedstream 12. 2. Thheppicesesd ohiml ail mvihervimetied rhytdretrégtitigp catetkstng
conditions in the high-conversion hydrocracking stage are sufficient to
attain a ceeneinsi gn suppert feunprayiogt abominde ablisar WBwa, zircon®, Pheaprocess
of claiml, erein Ehe onverted product fromthe high-conversion

hydr ocr ackFHg g}aglggt ?{rﬁpﬁi ts a cetane number of at |east 51 and a sul fur
content of not greater than 10 wppm 4. The process of claim1l,
wherein the unconverted product fromthe hi gh-conversion hydrocracking
stage exhibits a3vi sthgiprvcedsder digibwegnwBeretndhd 40 drotreatind .combiidnsocess
of claim 1, wherein the unconverted product fromthe hi gh-conversion

hydr ocr ackéemgpesagevaight dicragabgbtempasatre dfonp ebeutt HXTF-(abo@ 28&F Q3 to

i nematic viscosit abo 00C of at least 2 cSt., - 32.- the
hi gh- conve‘?‘l%‘?"érgdr@)ﬁr @’55’985 ﬁ’ak(éékztaa&étalﬁﬁ%gﬁ‘é‘fesh@%@ﬁ?\“aﬁpg 15ig 48R4t ile of a
USY cat al I ' . %t 9 imnym
based on ﬁ’?%%@?ﬁ%ﬁ O{é\{fgw(jeb %gﬁggwa%(g@v{ ‘f%%/yd agl %ﬁ/&g%gg? %\@Lﬁ(?hﬁ%aggd W th
from about ault 26 P(?'t,Chr@bé’%¥dﬁ)g3:n%8@tli§a@.tﬂafwmonbaﬁ@ﬁt SO0 kbebheiabblt 85 the
ZSM 48 cat al yst, 7. The process of claim 1, wherein the vacuum gasoi |
f eedst r eanNnE4m3) toi aboayéH0G® st fértl (abouto70§r¥at’an’)t han about 20 wppm and a

sul fur content of not greater than about 150 wppm 8. The process of
claim1l1, wherein the effective hydrocracking conditions of the

hi gh- conver si on, hydr.acracki n e co ise i . f .
tenperature f rol"ﬁb‘aboﬁﬁe %%@S?aﬁﬁgﬁgl%%gy ﬁ?r 1%&%}%%E%{§Q§§§O%§%g a
total presgiisosf é&ﬁgﬁp&% 7E0RiPBhE §ABQEY (forft ABRE) BER, 2B8NTe ROPSIRE! 9
(about 13.8 ag), an LHSV from about 0.1 hfl to about 20 hr-1, and a
hydr ogen tYe&dujgas, nhtastdbleory advalimbfiged 8T, NibtdehitbpdSMBS, MiVIAB)ZSM- about
10000 scf/bbl (about 1700 Nn8/nB). = . . . .
18, ZSM-20, ZSM-48, and combinations thereof, which base is loaded with
cither (i) a Group VIII noble metal selected from platinum, palladium, and
combinations thereof or (ii) a Group VIII non-noble metal selected from nickel,
cobalt, iron, and combinations thereof, and a Group VIB metal selected from

molybdenum and tungsten.
15.  The process of claim 1, wherein the hydrocracking conditions in
the preliminary hydrocracking stage are sufficient to attain a conversion level

from about 10% to about 45%.

16.  The process of claim 1, wherein the effective hydrocracking



9. The process of claim 1, wherein the converted product fromthe

hi gh- conver si on hydrocracki ng stage has a yield of nmaterial boiling in the
range between 350F (177C) and 700F (371C) of at least 35 wt% based on the
total weight of the converted product fromthe high-conversion hydro

cracki ng stage. 10. The process of claim1, wherein the crude oil
portion exhibits a sulfur content of ag4l-east about 10000 wppm and a
nitrogen content of at |east about 1000 wopm - 33 - conprises at |east

one Goup Vonditioes aif thelpeclimtary dmdkbsracking sakcacemphisnat woight heesge, and
at least one Goup VIB netal selected from W, and a cogpination
thereof. bed temperathee drypealows S0 rﬁa'i‘l‘%t%g% ﬁotq‘i@%y%@? 439Uy
catal yst c NS upport  conpri Si | um iql t\i tani innconi a,
or & Lonbi AA(1toh & RufidBPNue TR 3 BLE06 oIk ObouTd Mrad oy 2800 e

hydr ot r eat bﬁg @ODEH 13 SNSIPaeiPAd Py WRdEMboay O rae' hedbbeime et Uksd hr om
about 550F (about 288C) to about 800F (about 427C), a totalaﬁjoressure from
)

about 300 hgdwgeahesit gaslrabddgym taboabd0 &I Habagut( 8bdim’ TtoVEag)t, an
LHSV fromabout 0.1 hrl to about ;20 hr-1, and a hydrogen treat gas rate

f rom about 160Q0 seffbtdkabeuyby 0 e @B/ n8) to about 10000 scf/bbl (about 1700
N8/ nB) . 14. The process of claim1, wherein the prelimnary

hydr ocracki ng catal yst conprises a zeolitic base selected fromzeolite

Beta, zeolite Xj~zeokn -asit e, aRnShiNati 1 U ,
Mordenite, ZSM 7 Zsahg%ré%ﬁlﬁg?b%ﬁgow% I{\I/ijpi}fge andﬁ{%tcl)ﬁ[giaﬁggei %Br{é%?tﬁéefr eof ,

whi ch basept®iucoatied hd thighicbaversion dydeutpcRihg| stagdl asndrehal casleeetied from
plati num palladium and conbinations thereof or (ii) a Goup VIII
non- nobl e pesidact Swsine dhe rélimmany digirocroeliagt stage enlleetiely dabimaialded

t hereof, and a.Goup VLB netal selecte bde ungsten.

15 The' pr GRSl GO Eanimi ralse R cema syt bor sty audart e Gt ne
prelim nar y bACK] - Ssuf f1.6] j rsian | evel
P om about 10 o 2hou i g0l RE B MR e, RBhB0 FrbaIEIEiA

hydr ocr ackbéth Sttrge pfhifinase algﬂ%cﬁbékiﬁ er agge bemdt etfiger algh-eodvepsivabout
550F (about 288C) to about 800F (about 427C), a total pressure from about
700 psig (lapbotrackBig\dagy. t o about 2000 psig (about 13.8 MPag), an LHSV
fromabout 0.1 hr-1 to about 20 hr-1, and a hydrogen treat gas rate from

about 500 scf/bbl (about 85 NnB/nB) to about 10000 scf/bbl (about 1700

N8/ ) . 18. A hydroprocessing process that is selective for distillate 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
least 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 hydrocracked, hydrotreated product;

separating the first hydrocracked, hydrotreated product into a first



17. The process of claim1, wherein the conbination of the converted
product from the high-conversion hydrocracking stage and the converted
product fromthe prelimnary hydrocracki ng stage collectively has a yield
of material boiling in the range between 350F (177C) and 700F (371C) of at
| east 50 wt % based on the conbi ned wei ght of the converted products from
both the prelimnary hydrocracking stagé -and the hi gh-conversion

hydr ocracki ng s 18. A hﬁ.droprocessi ng process that is selective

t age.
for distil |canéertﬁdg profyct diying enberingdranegs duexsnamdol; iabpdi 1§0UNdahewr t ed

duct I ' ts, which ] , . hydr ot ti
2 Vacuum gadbi) ABdSErcRyeAgH et PR anReoRP IR Hnee SRETHIR AL 1000

wppm and aaﬂ{)ﬁ{ At (%8&5‘[93”?10@)3?1% ﬁﬁﬁéén\%ﬁ@ﬂkrgﬁgct%g‘%ﬁg of'more of a

hydr ogen- contai ning treat gas reamin the presenc ydrotreating
catal yst ugédane efun@isdri yeathids080 eatshittkeCpiidt tof Gdedsd fOhhAanY dr Qtlifigat ed
pr oduct ; hydr ocracki ng the hydrotreated product in a first

hydr ocr ackicogtest afj@ohigreater Hyer 2Qevprontla firsiguriocopserigdpreductdmviing tahe
presence of . a first hydrocracking cat%l yst._system under. _effective

hydr ocr ack PHEPSESANEeH R natareatee than abogf o9 Wprpm sulfighcontgat ofgpoty ot

nore than % first hydrocracked, hydrotreated product;
separat i ngg?%%erﬁﬁ?rg?bﬁ@agr@(’:‘%gﬁwéd, hydrotreated product into a first - 35

- _converted prOHg&&ch&w‘iﬁgt@ Bedt! iRSnkSAEE phEi oI a0decdha Uy dFOGackiaout
371C) and a first unconverted product having a boiling range m ni mum of
about 700Fstagbouith 37 h@irogeheohtaisingc raategase strgarmnducthehpresengeon actwavor e of
a cetane nunber of at |east 40, a snoke point of at |least .19 mm_ and a

sul fur const@ae hydromacking fatalysthsiston undsmetiertve hydioginttdRg condiigisoduct
havi ng a njt en content_ of not.qgreater than abpu Q m.and:.a _sul fur
content of S‘f@fégedﬁl 8t %ﬁmxg Haf 03}5%;3{0%3%6&86 rﬁreater l%ﬁarﬁ}fg |/ 8’2?@(?1%&8 gfqr% i rst
Unconve”e%&hﬁ%&o&&t@d,?@ﬁiﬁ@&a@ﬂéﬂ nﬁ&fdﬁ%i‘,'aﬂa stage with a

hydr ogen- cont ai ni'ng treat streamin the presence of a two-stage
hydr ocr acki ng cedpakatirtg ghes¢eeond hyedroteddted; thydeodmdkat pemkich gntoanskdondns
sufficient to attain a conversion |evel of greater than SSCV% so as to form

a second hyemesricdapwduchygr e ackatingrisagetmaxignm of abewpaPAth fgbatie
having & bl | g GEC TR ARG L OO e, B SRR 98 FeEea LB
unconvert eg, o ¢ ek (Qﬁ‘é{ﬁtnﬁdla’gsot uéé&oﬁﬁ%ﬁv@i‘t@dl g?&ﬂtﬂ:ft @Qﬁgaoﬂé)% nggout

371C), the seco converte 0 havi ng one nore o cetane nunber

of at | easyf 4dectafe SEHRr PTIablcadf 48} a bigdke pdthtroNat deubt 2050, dhdeosill it  of
not greater than 12 wppm the second unconverted product having one or nore

of a vi scosintgnti eideat gieatar themd? 8Ppmy thowecqul nnceivergdsprodaet Boingnd a
ki nematic viscosity gt about, 100dC of . at

| 1 cSt, . wher ei n_|
t wo- st age wgﬁ‘d%mogemafr?gwa%w cxyk %eagtﬁ%(iiass@% pying qﬁé%i@lﬁ'&?%iﬂe

containin [l. e ati num palladium and
conbi nat i ganngd %giré%(l)q\ﬁcavnla iil b)ata%émggdaggfgﬂfééﬂ%n aining a Goup VIl
nobl e netal selgRéReh ftheMR-ahbd HNdré@htiRidkbUsataBRE s?ﬁ@ﬁi Rehipenies (neaeof .
19. The process of claim 18, wherein one or nore of the follow ng are
sat i sfi ed: UBNe catatystimopésining he@outy ddhh erbichitetalasddedtedirfremnpetinuof, at
| east about

palladium, and combinations thereof and (ii) a ZSM-48 catalyst containing a

Group VIII noble metal selected from platinum, palladium, and combinations

thereof.

19.  The process of claim 18, wherein one or more of the following
are satisfied:

the vacuum gasoil feedstream exhibits a sulfur content of at least about



- 36 - 10000 wppm and a nitrogen content of at |east about 1000 wppm

the hydrotreating catal yst conprises at | east one Goup VIII netal selected
fromN , Co, and a conbination thereof and at |east one G oup VIB netal
selected from Mo, W and a conbi nation thereof, and a support conprising
alumna, silica, titania, zirconia, or a conbination thereof; t he
hydrotreating conditions conprise a wei3ght average bed tenperature from
about 550F éabout 288C) to about 800F (about 427C), a total pressure from
about 300 P890 pappouand ahitvPaey) cardeatbliat leBoebew 00awppm: 20. 7 MPag), an
LHSV from about 0. el to, about 20 he', .and a hydrogen, tre as rate from
about 500 scf/ b€ %’é(gb(?}fea@@gNﬁ%tﬁhﬁ‘} GONRIBS St atlé%%g @%f%ﬁ}lp?&ggufnq 00

N8/ nB) ; I.r d r i > i i t{gnbase
el ect ed 1 P blarPPORbY LR FAGa68) Siorphe GRTRLISEE ofe S YBDERS
deal um ni zagtaf, sdee@aniiomn KR W, 48 4. camnhBonZHNredY, £M&uppoe

conbi nations thereof, which base is |oaded with either (l) a Goup VIiII

nobl e net atometisttgerdufimanspicat titama, zpaionzdionm coamdnatombibeacdions t her eof or
(ii) a Goup VILI non-noble netal selected from nickel, cobalt, iron, and
conbi nati ons t hErdardrofaating eprdijons pomprise asueight @\ﬁrsrfag%%ﬁ CRBEIBAIR

Firer by DorLaRitg 0GR EEED o b’ SR ERPH SRR FEIONSE0R ' Fom
about 10% p@nRhostt ﬁﬁf/?)%ié (abol"® 16¥1PREY koY EbONAS U Bsiki (BBo&OPG!7INPAS),0f the

prelim nary hydrocrack stage conprise a wei ght average bed tenpéerature
f r om about aS30HES Vaftont aRARQ). | tln 'ateoath o BADFh¢ Abaut ad4Rdithgermn ticat ghs patessur e
from about 700 psig (about 4.8 MPa ?\I to about 2000 psig gabout 13.8 MPag),
an LHSV fr bemapbeit ¥01s¢éibl {abeir P0/me) to abitd 00PArssfoh! (abost 1g89 rate
from aboutNSO_zQ cf/bbl (about 85 NnB/nB) to about 10000 scf/bbl (about 1700
N8/ nB) ; M/Phle first unconverted product has a nitrogen content of not

greater than abgiul fgf %ggermngic%w@wcw&@ta PolfiR! balce@lred A about

150 wopm - 37 -t ocracki ng cton ons 1 n the secon ydrocr acki ng
stage are gaflfte MB&n; zbolitet Kaisottc ofVeiugasie, draltalhleow alealitmim@dféed &, about
95% the converted product fromthe second hydrocracki ng stage exhibits a

cet ane nunierdefiteatZShadt ZSMeahdZ&MURS WS eABM#8n sindg cembétationan 10
UPDIT e Wconvert ed, product [ oL bg 205G NI VAT 5L el 29N b1 S
from platinum, palladium, and combinations thereof or (ii) a Group VIII non-
noble metal selected from nickel, cobalt, iron, and combinations thereof, and a
Group VIB metal selected from molybdenum, tungsten and combinations
thereof;
the hydrocracking conditions in the first hydrocracking stage are
sufficient to attain a conversion level from about 10% to about 45%;
the effective hydrocracking conditions of the preliminary hydrocracking
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?*/m’);

the first unconverted product has a nitrogen content of not greater than

about 20 wppm and a sulfur content of not greater than about 150 wppm;



t he unconverted product fromthe second hydrocracki ng stage exhibits a pour
point of less than -10C, and a kinematic viscosity at about 100C of at

| east 2 cSt; t he two-stage catal yst system of the second

hydr ocracki ng stage consists essentially of a m xture of a USY catal yst

| oaded with fromabout 0.1 wt %to about 3.0 Wt % pl ati num based on the
wei ght of the USY catalyst, and a ZSMd87cat al yst | oaded with from about 0.1
w %to about 3.0 wt % pl ati num based on the wei ght of the ZSM 48

cat al yst ; thendydfdesacking ¢onditoansadkithe sseand thyshiecratkinige stage oare

hydr ocr acki ng. stage conpri se a wei ght average t enper re from about
550F (aboufUBwaet ?éttéll?)‘cﬂj?o@(ﬁ‘ﬁio(lé%‘fﬁatfr%@? ut gﬁg’&?é‘l Ot gé%;]re f rom about
700 psig (about 4. i an_ L HSV
fromabout 0.1 hhfé goxjg\ége?‘%%loﬁ%d%gpﬁoﬁ?ﬁ%ﬁ%&dﬁ%éﬁ&%&%&ﬁ%gﬁ%ﬁ%ﬁ@&elaf rom
about 500 s6hAdRLibRPeRL: RRSNIEANE) shuPbaindHIN ceeditbiHan(12b@pihm] 700

N8/ nB) ; the converted product fromthe second hydrocracki ng stage has
a yield of mat etlicalindvaivbitad proditds dram tige sdrenddenlr8&@Eking ATe exdbii9ar

(371C) of at least 35 W % based on the total weight of the converted
product frBBcoHE Bdeshgtwisdr 8¢ ppd ity st age; and t he conbination of

I e I N T TR
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converted leasdic$s from both the prelimnary hydrocracki ng stage and the
i gh- conver s| Onthré%gvro?s(.:tggg iéixtg ys% g}?sgcgm 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, based
on the weight of the ZSM-48 catalyst;
the effective hydrocracking conditions of the second hydrocracking
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*/m’);
the converted product from the second hydrocracking stage has a yield
of material boiling in the range between 350°F (177°C) and 700°F (371°C) of
at least 35 wt %, based on the total weight of the converted product from the
second hydrocracking stage; and
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 boiling in the range

between 350°F (177°C) and 700°F (371°C) of at least 50 wt %, based on the
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combined weight of the converted products from both the preliminary

hydrocracking stage and the high-conversion hydrocracking stage.



