CO- PROCESSI NG OF DI ESEL BI OFEED AND HEAVY O L FIELD OF THE | NVENTI ON [ 0001]
This invention provides a process for the manufacture of diesel range

hydr ocar bwo=otonas7sare | ow i n sul fur and that include uppco/use8ivhysewei ght of
a bi oconponent feedstock. Particul arlylthe invention relates to a

mul ti-stage co-hydrotreating process for the manufacture of diesel range
hydr ocarbons from at | east one bi oconponent feedstock and at | east one

m neral hydr ocargIpROEENING CHAOIERBYNBIGFEEIFANYENIAGN [9002] Fuel s

based on bi oconponent sources W Il becone increasingly prevalent in the
future. AciEREYOFVEHMEINSVERMGONENtS have instituted current and future
requi rements that notor fuel pools contain a m nimum percentage of fuel

derived from a bi oconponent sourc such as | ant nimal . fis or al gae
based oi | [0 at . [BEOBYCRtiQRDETHEELR @weSH@ItBPr%@ﬁ 6@6%’89&%?Psources

presents a varie | I ar b cessin
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Modi fyi ng and/or replacing Iow pressure’units to allow for highe

processi ngofhydsstuatingymokcess foquhe masxfEoisievel diagelrahgé hyésicaenins fr@ﬁ04]
What is needed is a nethod to all ow for hydroprocessing of diesel feeds
that are atlenstene iacompongnisieedstosk aad st hg@%ﬁfler@égwé@qm bout
requiri nng| &?& i cant new construction at refineries. The nethod shoul d
al l ow for ?ﬁdg ion of an ultra low sul fur diesel product. [0005]
EP1693432 describes co-

type m ne BACKLGRQUND 2 appears to include conbining a

veget abl e and ineral oil, hydr otreati ng the conbined oil, and stripping
off gas [0002] Fuels based on biocomponent sources will become increasingly

roceém na otr vegetable oils with various diesel

o\e

prevalent in the future. Already, various governments have instituted current
and future requirements that motor fuel pools contain a minimum percentage of
fuel derived from a biocomponent source, such as a plant, animal, fish, or algae

based oil or fat.

[0003] Producing diesel fuel from biocomponent sources presents a variety
of challenges. In particular, for diesel hydroprocessing units that operate at low
pressures, the presence of the additional heteroatoms in a biocomponent based
diesel feed may pose difficulties. Modifying and/or replacing low pressure units
to allow for higher processing pressures would require expensive capital

investment.

[0004] What is needed is a method to allow for hydroprocessing of diesel
feeds that are at least partially based on a biocomponent source without requiring
significant new construction at refineries. The method should allow for

production of an ultra low sulfur diesel product.

[0005] EP1693432 describes co-processing of vegetable oils with various
diesel type mineral refinery feeds. The method appears to include combining a
vegetable and mineral oil, hydrotreating the combined oil, and stripping off gas

phase products.



phase products.[0006] US Published Patent Application 2008/ 0161614

descri bes two stage co-processing of a feed including both vegetabl e/ ani nal
and m nerwb 20i0/0747Fhe first stage is operated at | ower s@CEAISRYOIAEPF i marily
treat the vegetable and/or animal oil i4-the feed. The product of the first
stage is then stripped to renove gas phase inpurities. The stripped product
is then hydrotreated in a nore severe hydrotreatnent stage to produce a

di esel fugbhe06JUVMVARY Blibiistfed! PAYENTA PP EARN2008710 861 EIrb@shcribes twe stalehod is
provi ded for the production of a | ow sul fur diesel product. The nmethod

i ncl udes icotprodessingyofa feeedstholing bothavegataplbGinimal andemadrapotlt ilde and from
about 0.1 wt% to about 58 wt % of a bi oconponent portion. Th? m ner al
portion cdHstsage wipnemited af laywen sevgrippiaprigrrdy tieahthe woegtable andlor

Al ternativel he m neral rtiQn..c h T5. hoi i int _of at |east
s000F (3 1aal il {edged, aBE OBt yERE R das ho A0MAE SR Eon cone
under fir shs phARCimpRitsdrotd &abbed p?é’dlfbttiéﬁfé%liﬂﬁbﬁgét@él iR h6RVseRerd- 3 h 1
to 2.0 h , a total pressure from about 800 to "about 3000 psig (about 5.5
t o about h@drotMaagent stage eapraghuseaadiesalffuelt | east about 2000 scf/b (about
340 NnvnB) of at |east 80% hydrogen, and a tenperature of from about 650 -
8000F (absuiMMARIZ O THRINYVEWINTE)R hydr oprocessed feedstock. The
hydr opr ocessed feedstock 1s fractionated to produce a diesel boiling range

hydr o SLOCK TS TTact uce a di esel boiling r:
boi 11 g+ AR Fackt B ePon oI Bt e B a0 Bhe 1o under

second ef fselfur desélystoduste alhagetitstdtidol @t infrolucing e fe8ddtbi&V contathibgh 1 to
1.5 h 1, a total pressure fromabout 250 to about 800 psig (about 1.7 to

about 5. 5 bethag mingrad partiashped fom ebot §.1 ont®albe aboBst) wt%eaF (about

288-399C) .to produce a die bai |l i ng range oduct, .Qptionally, th

hydr opr oc Q4% H‘H@B&PBEWW?@% fHBexal %thlqré%&rﬂl%‘f? 3 Hat W‘gégrﬂok’étoo ith
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point of at least 600°F (316°C). The feedstock is then hydrotreated in a first

reaction zone under first effective hydrotreating conditions including an LHSV
of 0.3 h™ t0 2.0 h™!, a total pressure from about 800 to about 3000 psig (about 5.5
to about 20.7 MPag), a treat gas rate of at least about 2000 scf/b (about 340
Nm®/m’®) of at least 80% hydrogen, and a temperature of from about 650 - 800°F
(about 343-427°C), to produce a hydroprocessed feedstock. The hydroprocessed
feedstock is fractionated to produce a diesel boiling range fraction and a portion
boiling higher than the diesel range. The diesel boiling range fraction is then
hydrotreated in a second reaction zone under second effective hydrotreating
conditions including an LHSV of 0.5 h™ to 1.5 h™', a total pressure from about
250 to about 800 psig (about 1.7 to about 5.5 MPag), and a temperature of from
about 550 - 750°F (about 288-399°C) to produce a diesel boiling range product.
Optionally, the hydroprocessed feedstock from the first reaction zone can be
mixed with additional mineral feed prior to hydrotreatment in the second
reaction zone. Optionally, the diesel boiling range product can be
hydroisomerized to improve the cold flow properties of the diesel boiling range

product.



hydr oi sonmeri zed to i nprove the cold flow properties of the diesel boiling
range product.[0008] In another enbodinent, a nmethod is provided for the
product i omoabiow7ke sul fur di esel product. The nethod i rcrase®iondspdduci ng
a feedstock containing both a mneral -goftion and fromabout 0.1 wt%to
about 50 wt % of a bi oconponent portion. The mneral portion can have an
initial boiling point of at |east 5500F (288C). Alternatively, the mneral

portion cagod®ve aidandifkt tMBolRh&k, ];Qfméthoh ¢2pfo e8P For(tBe %)69&)%&01%& a

feedstock Is then hydrocracked in a first reaction zone under first
ef f ecti veldwdautfar didsehgrodaodi Thonsethed prodadesanaodydingpr feedstoek f eedst ock.
The hydroprocessed feedstock is fractionated to prc())duce a di ese(l) boi l'i ng
range fra€en@iniagdoth penineral Posiion apd ArahaPouhdd Wive tajabewt 50 drtegeof ahe
di esel boilin rangf fract I?ﬁ IS thgn der otrﬁat ed in .%”?eﬁond r.etacft i on
zone undeP'¥@ TF PR, e 1S BHBEREROTTR STROTYS ShEHACYUGPEPOAN Phsv of
0.5 h 1t , I f : Rai

9t feast gsobp @_8§Q§Eaé)ngﬁgd§]§reﬁy, th® mlﬁe&mﬁmm Esh AROUH TBADIRALY

(about 1.7 to about da tenperature of from about 550 - 7500F

(about 283odAWIG} 1¢ast FOOIUEH 6ACHI €Bed fdeditoickds thendeydroouked iptfirsinal |y,
t he hydroprocessed feedstock fromthe first reaction zone can be mxed with

addi t i onalreastioarzenefuadgr firsteffact vayydseqraelingrondiiansdoqueduet  eact i on

zone. tionally, the _digse i 1ing range dyct can_.be .h ' i zed

o mor ovATRPTELOY Foispibpeis Bspranase] BEdFiosk FRBUPIHES ‘Br oduct -
tionall dp- . ' [

%’dr ocr acﬁ’lr%‘g“{éﬁae&‘g g(gg%ﬁgﬁgfra@e a?(‘[:tg(gh ﬁ%?%gﬁg%rﬁpﬁgﬁ{tgn@%P gltragéd? (g:l?( and prior

to fracti gnati AhgeBRIHERIRESERIIRTY N geHrddtiorls GhEEBydRRAA}edHinga sécond

schematically shows a reaction systemfor performng a process according to
an enbodi meavtionfzonkeinidey sertondre {TeETAI HyEDODESCR CoMAINOTF ITTHEIIPREAERRED

Fuel s t hat HSYIadbs By 95536 otbPEmFus: altius sgb e aboReRULboEK and al so
have sul f ¥ibout 1.7 to about 5.5 MPag), and a temperature of from about 550 - 750°F
(about 288-399°C) to produce a diesel boiling range product. Optionally, the
hydroprocessed feedstock from the first reaction zone can be mixed with
additional mineral feed prior to hydrotreatment in the second reaction zone.
Optionally, the diesel boiling range product can be hydroisomerized to improve
the cold flow properties of the diesel boiling range product. Optionally, a
hydrotreatment step can be added either prior to hydrocracking the feedstock, or

after hydrocracking the feedstock and prior to fractionation.

BRIEF DESCRIPTION OF THE FIGURES

[0009] Fig. 1 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0010] This invention provides processes for producing diesel fuels that
include up to 50% by weight of a biocomponent feedstock and also have sulfur
levels of 10 ppm or less. In an embodiment, the desired goals of the invention
are achieved by co-processing a biocomponent feedstock with a mineral

feedstock in a reaction system with multiple hydroprocessing stages. In the first



| evel s of 10 ppmor less. In an enbodi nent, the desired goals of the

I nvention are achi eved by co-processing a bi oconponent feedstock with a

m neral fwoedstiaok’sbn a reacti on systemw th nultipl e hy@coarsowessionsy
stages. In the firsthydroprocessing stdge, a bioconponent feedstock is
co-processed with a mneral feedstock in a high severity hydrotreatnent
reactor. The bi oconponent feedstock can be any vegetable (including plant),

ani mal , f h§drop %ce@bm é%s@cblt)@émpbn&mfeémcmtﬁdi pateised Withkememstal der ed

for use as a source odi esel. The mneral feedstock will have a

m ni mum i feedswickbpial hlgb spoemtty qudratreatewtt réx00r TBdbiompuimentnat i veI y, the
m neral feedstock can have a T5 boi |ng int of aLtl ast 6655@&3 An
exanmpl e ofecd S?Whﬂéﬂr@a&%mgqt@%{ét(ﬁ}cmqwg %‘ﬁ) mdsmabiish, ppalgae %h an

initial boili of a l,east 6 430 ) react or
for proceggf’ﬂgg?t 0'?1151 fypicg 13 Be fng! eégglfét'ilse a%(iu g%%ﬁ‘?@ﬁf%gfng?ﬂé
referred h’ﬁg@l%l fedRtIIPhdReS! nnﬁﬁﬁﬁﬁmﬁ&mhﬁggemrofa& %%ﬂbs@vml gh
severity rotreatment reactor 1s well-suited to dl e many of the
difficult '(39453°€$.s Adiemhailvely | tlhepnmee@lsﬁeaq;staclbcmhmmﬁrﬁt béitiedgtoontkof For
exanpl e, bi oconponent di esel range feeds tépl cally contain a Iarge anount

of oxygenleast 66YFe(3RRBUNt Adtexayepls gé hydrg eafaent seagtptari eatpep #bde t he

f t he, f Th d.h hi gh
ceverity FoRdsBekaRiandn i bEOE B asa FHSEMFHS Fr caced hydr ogen
requir emﬂm TRARREAG QX9 GEr bIRRSE 'tl?&PéEBQP%“ﬁ%fde@a‘ﬂ%gﬁc ARG w0t her m ¢

reaction as the potential to overwhe ete rature c¢ontrol

syst ems Ofometihres defcirdinidratay eatlygictfee@agtiirecabaesveiactdrhe quench system
for a high severity hydrotreatnent reactor should allow for effective

tenper at uf@ Nt r ol 1y h's@geﬁf}pﬁﬁﬁ%tr@gtrﬂénﬁe&teﬁ%W@H%ﬂﬁte&@@%an&lenﬁhhy
since the bioconponent feed I's a diesel range feed, the fact that the high

severity bydieodifGanltiesassoedattdwith ptocesding attﬁommpoheitl fnsdsteclanFadded
benefit. [0012] The output fromthe high severjity hydrotreatnment actor is
t hen sent example; bieaonapeient digghbranget ﬁ@dwyg’hca&b’ famigingblagge 6m0pﬁéo ner al

feed, alar 9gen A large amount of hydrogen is needed to effectively remove the oxygen

from the feed. The pressure and hydrogen flow rates in a high severity
hydrotreatment reactor can readily handle this increased hydrogen requirement.
Removing oxygen from a biocomponent feed is also an exothermic reaction,
which has the potential to overwhelm the temperature control systems of a
standard hydrotreatment reactor. However, the quench system for a high
severity hydrotreatment reactor should allow for effective temperature control
during processing of a biocomponent feed. Finally, since the biocomponent feed
is a diesel range feed, the fact that the high severity hydrotreatment reactor will

saturate any olefins is an added benefit.

[0012] The output from the high severity hydrotreatment reactor is then sent
to a fractionator. Due to the high boiling point of the mineral feed, a large
portion of the effluent from the high severity hydrotreatment reactor is not
intended for use as a diesel fuel. The fractionator is used to separate the diesel
boiling range fraction of the effluent from the remaining output. This diesel

boiling range fraction is then sent to a second hydrotreatment stage operating at



portion of the effluent fromthe high severity hydrotreatnent reactor is
not intended for use as a diesel fuel. The fractionator is used to separate
t he di esewobwoidd7atér ange fraction of the effluent from Phg/USemioniens
output. This diesel boiling range fraetion is then sent to a second

hydr ot reat nent stage operating atl ower severity. The second stage is used
to produce a diesel fuel product. Optionally, the diesel fuel product may

be furthelowéoreefied Phe devind stgd heusddas Prodwdd a Blegdlfiiel ﬁ'rddm.der to
i nprove the cold flow properties of the fuel. [0013] In the discussion

bel ow, a Eiptvoatygndetdiésed detlqridnet may bedusthhyprasesseddry dewasingake der i ved
froma biologjcal raw material conponent, such as vegetable fatsg/oils or
aninal fadissel fus! prcrﬁéva%dprfgdﬂ @nma?revaﬂ@%éolﬂa@%\mrpg MieRGEENS FRL- or t he
purposes of this docunent, vegetable fats/oils refer generally to any plant
based mat ¢0013], andnithedisdussien beldvs, albiocomponenhiegdsiogkdefessitthaas pl ant s

f th t . The . t abl e .oj | d imal f h b
used it AoGiCaREn (SoHoBRK RBHVER I Cinlpearal FRBCB™ oL FOEBRDFRS S5 i mar 1y
trigl [ f : aci tef | ' wdy F
contal n aft SRl Bl BRI Ths il tinolliRe o RN RBAERESRRE) N,

carbons. KAgsr thennfipedesforatist ddunddi®, veedtasld rhisaiilsiefdraginesdlly ®varyat eri al

ne
conponents include fatty acid esters, such as fatty aci ?r?et hyl esters.
Exanpl es planbbesahmateial, drebioel wdskfat/onls Idgde ed ditoraasonote $uchi asqulants r apeseed

(canola) qil, corn oilJ, soy Qils, castor_oil, and palmoil. [0014] The
mneral h m@mw%&egﬁ%cth Kegetp le&lsmg@éj%ﬁ@?tt%@ *{ﬁleﬁ?érfﬁonem
f eedst ock i severit i f . tock with an
i el ol PleSedhRORia RRIde P bRt SuBBEBERBY BB o “at” | cact
about 600%%19@&%% ahkbfebe ity adids %FFA%FJ"PH@Erié?@&'i:désadlﬁlJFFﬁé%@ﬁiain _
Alternatively, the feedstocK can be characterized by the boiling point
requi red tbphatid hydepadiohi dhdipeincthoiragacafre thaeirfge® . 24~carberanpltier t he
tenperature required to boil at least 5 mt%of a feed is refer,reﬂ1 0O as a
"T5" boi msz;s%ifﬁ@d that aredembysd fropebiglogical rany matenal somnansaty Bekideas a T5
boi ling p?ellt%; acoxzi e%%eré,es%% agtfgt!t';[/ agl%o r(rjlléthyl esters. Examples of biocomponent
feedstocks include but are not limited to rapeseed (canola) oil, corn oil, soy oils,

castor oil, and palm oil.

[0014] The mineral hydrocarbon feedstock that is co-processed with the
biocomponent feedstock in the higher severity stage is preferably a feedstock
with an initial boiling point of at least about 550°F (about 288°C), or at least
about 600°F (about 316°C), or at least about 650°F (about 343°C). Alternatively,
the feedstock can be characterized by the boiling point required to boil a
specified percentage of the feed. For example, the temperature required to boil
at least 5 wt% of a feed is referred to as a “TS” boiling point. Preferably, the
mineral hydrocarbon feedstock has a TS boiling point of at least about 600°F
(about 316°C), or at least about 650°F (about 343°C), or at least about 665°F
(about 352°C). Preferably, the mineral hydrocarbon feed has a T95 boiling point
of about 1100°F (about 593°C) or less, or about 1050°F (566°C) or less. An

example of this type of feed is a feed for a fluid catalytic cracking unit. Such a



(about 316C), or at |east about 6500F (about 3430C), or at |east about 665F
(about 352C). Preferably, the m neral hydrocarbon feed has a T95 boiling
poi nt of wbaoty/@iBe0F (about 5930C) or |ess, or about 1PEPAR2¢566GC) or

| ess. An exanple of this type of feed-its-a feed for a fluid catalytic
cracking unit. Such afeed typically is hydroprocessed in a high severity
hydr otreat nent stage prior to introduction into the fluid catalytic
cracking %’éewﬁfﬁ_i&aﬂgf]@hyhfb;ﬁfobéﬁbd RSN Yevrtily OhyidegtrdRHens bAGE privgt®
conversi on of "highér boiling point conponents to | ower boiling points wll
occur. Asimrodstion,int theghiideaealytiy craclting stege.nent stage will typically
make sone di esel range conpounds. During fractionation, these diesel range
conpounds milldé be pepaigt sl ety hgdtbtréatmeht ftagbesdmocamuesiontofidgles di esel
product . [’001 ] I'n various enbodinents of the invention, the feed to the
hi gher sebeilingpdinticampenems o levereoitiag fointsuidl eeoun. Aserisestttoamhigh

bi oconponent sources, such as vegetabl e sources or ani Hgal sour ces, Snd

feeds froffYArHEMdratsealmeat stpge vl yrrcallyimakserme fisse Ry _
S0 A PR S S, 0 S o

fats, fis : can i ncl ude*at I east 1 wt % of
feed baseghiQryith PAOBRIBRIPONENERANERI e pAdddceast 0.5 wt% or at |east 1
w% or at least 3 W% or at least 10 ww% or at least 15 wt% I n such

or Tese. dIUY" oy oFEPafiE EMBOHERp oYHe i chESR, B RLERTIRANENE O Che'

anount of se@rity I8SSHrEdneAn sfage TaRAlhclude bbtiafdeds dradiodomparstes at | east
0.5 wmt % of feedstock based on a bi oconponent source, or at least 1 w% or

at | east 20@eed,such aatvegetable Souwces of anisad sowrceendrsbifesds from minewéd can

I nclude 20 wt % or_| ess, of bi c((i)rrponent based ffgtgd tock, or 15 wt % or | ess,
or 10 wt %BHrceesdhedpedicaft welidg varying pHewisy sﬁﬁmb%ﬂ& & di esel
boiling ran typi.cal ] all r.:;font ent .
For  exampPRtomiEfsTh sOKEs 0Bhad y ek elRIToS ool AT Sl iBE 300
wopm ni tr genThd Rsddeash iatludletat QRN 0ANAY ofSfékll Wased on a biocomponent

source, or at least 0.5 wt%, or at least 1 wt%, or at least 3 wt%, or at least 10

wt%, or at least 15 wt%. In such embodiments, the feed can include 60 wt% or
less of biocomponent, or 50 wt% or less, or 40 wt% or less, or 30 wt% or less.

In other embodiments, the amount of co-processing can be small, with a feed
that includes at least 0.5 wt% of feedstock based on a biocomponent source, or at
least 1 wt%, or at least 2.5wt%, or at least 5 wt%. In such an embodiment, the
feed can include 20 wt% or less of biocomponent based feedstock, or 15 wt% or

less, or 10 wt% or less, or 5 wt% or less.

[0017] Biocomponent based diesel boiling range feedstreams typically have
low nitrogen and sulfur content. For example, a biocomponent based feedstream
can contain up to about 300 wppm nitrogen. Instead of nitrogen and/or sulfur,
the primary heteroatom component in biocomponent based feeds is oxygen.
Suitable biocomponent diesel boiling range feedstreams can include up to about
10 - 12 wt% oxygen. Mineral feedstreams for blending with a biocomponent
feedstream can have a nitrogen content from about 50 to about 6000 wppm

nitrogen, preferably about 50 to about 2000 wppm nitrogen, and more preferably



the primary heteroatom conponent in bioconponent based feeds is oxygen.
Sui t abl e bi oconponent diesel boiling range feedstreans can include up to
about 10 wolBiom79856xygen. M neral feedstreans for bl endiPog/us2a0/006695

bi oconmponent feedstream can have a nit-rbgen content from about 50 to about
6000 wppm ni trogen, preferably about 50 to about 2000 wppm nitrogen, and
nore preferabl yabout 75 to about 1000 wppm nitrogen. In an enbodi nent,

feedstr eagpogi 4 RPAKOUtAD0VSPpHRI HirdghRY &n an SHFodimean tfeddstica /Y st@bte 100 to
about 40,000 wppm sul fur, preferably about 200 to about 30,000 wppm and

nmor e pr ef éoraideyhabimuiav@sdsulfuradootentXsoRCGhonppad td @ba] 4060 exprbmned
feedstock is introduced into a first 3R}/drot reatnent reactor that includes

one or noselfenpaeigsablyabeut HAY te abewti 30,800 ypippst.rangimers prederablsabouthe

conbi ned st ock, A posed to each catal yst bed while being exposed to
hydrodesuﬁsﬁg? ﬁ??%%igﬁg“ﬂ%ﬂpodeoxygenation condi tions. Such conditions

will also result in olefin saturatoi(cgn of any ol.efi n§ present in the
tlS 1

bi oconpond1&leedstbecombined,fecdst AEediceddntan firstdidratreatiigiter

severity ngi t.i re.eml oy ' I 0, [ he

neavi e moasren LR s PR AGS SoRORE b RE AR EhFUiulsaiEnbls) e
cat al yst ichtalyi® fheontbiHe® FERRITBRNS e&?@s‘&% &RA datalgstaavwhile ®R#
hydrotreati ng catal yst, such as a catalyst conposed of a G oup VIB netal
and/ or a €xpoged\tblhydredesiul funizatisn ppdritydr&idoxyigbeationt edisditions.uBeclkkobal t

ni ckel , nmol ybdenum_ tungsten, or conbinations thereof. Prefered

conbi nat i 6aRdigiongw¢iHialsq rrsplide defan satugatipmel ypyeledins presant kethe cobal t, and

| ybd i tabl i.pcl ad il i|lica-al,um | um na, d
Ctani o Psoamoiat R, Tnghe i EhStror Bt 6of MEBFF slrlth " eact or
can be Coﬁgﬁﬁiitil%% ailséJéﬁlggl&%dfiﬁrorﬁéldﬂﬁéﬂgo?ggtgﬂ”{r&{r thE ML rRfnefd1Fee

feedstreamwhil e al so ygenating t edstream and saturating ol efins

as the feddstis aaged svigxthedadcémpohentdfaedl yst beds in the reactor. In a
preferred enbodi nent, the reaction conditions of the first hydrotreatnment

reactor ajgBRl ect gHelcatabpitiinte HrdthBidPs@Eatment reactor can be a conventional
hydrotreating catalyst, such as a catalyst composed of a Group VIB metal and/or
a Group VIII metal on a support. Suitable metals include cobalt, nickel,
molybdenum, tungsten, or combinations thereof. Prefered combinations of
metals include nickel and molybdenum or nickel, cobalt, and molybdenum.

Suitable supports include silica, silica-alumina, alumina, and titania.

[0020] The reaction conditions in the first hydrotreatment reactor can be
conditions suitable for reducing the sulfur content of the feedstream while also
deoxygenating the feedstream and saturating olefins as the feedstream is exposed
to the catalyst beds in the reactor. In a preferred embodiment, the reaction
conditions of the first hydrotreatment reactor are selected to perform a thorough
hydrodeoxygenation while reducing the sulfur of the feedstock to a value
between about 800 wppm and 1500 wppm S. Alternatively, the reaction
conditions in the first hydrotreatment reactor can be selected to reduce the sulfur
to between about 100 wppm and 200 wppm S. In still other embodiments, the
sulfur can be reduced to about 1500 wppm or less, or about 1000 wppm or less,

or about 500 wppm or less, or about 200 wppm or less. The sulfur can be



hydr odeoxygenati on whil e reducing the sulfur of the feedstock to a val ue
bet ween about 800 wppm and 1500 wopm S. Alternatively, the reaction

condi t i orsOiI2n1d1e756i r st hydr ot reat nent reactor can be selCaaiseadvasepduce
the sulfur to between about 100 wppm ad 200 wppm S. I n still other

enbodi nents, the sulfur can be reduced to about 1500 wppm or |ess, or about
1000 wppm or | ess, or about 500 wppm or |ess, or about 200 wppm or | ess.

The sul f UreduaBd REABSIHCRID W BpADOUINOHS LrMbR 200 WSfN oPindreOuE aBAR SaEpm or
nore, or about 500 wppm or nore. [0021] The reaction condi tions can incl ude

an LHSV ofvppnBohmbré¢.o 2.0 h 1, a total pressure from about 800 to about
3000 psig (about 5.5 to about 20.7 MPag), a treat gas rate of at |east

about 200fye2af/ b (FROHacBén JIRBitlomf cant inkRaletanBOBENY 6f 0Ge (o R1Get hiker i ner t
gas), and a tenperature of from about 650 - 8000F (about 343-427C

Pr ef er abl ;QtaltpTesmatﬁtqmabomr&ﬂQ tanaisoutr&QO@ctESI&EabmS ofo abQJmQébBMIZQE)Q h 1
to about 1.1 ot al press bout 3. Si
(about 9. ?trteat a%@feq algleps §0§9 ?»{Bl(%b éa“bdlggg %fo Prieay g@t}) 2180 -

2200 et Ry RN B AR ARl crhBsh EGE R R gl e

Al ternati (gﬁioylt 34 5@12hydy. opRiTetd 'bg@tthgﬁléadtﬁinecd%ﬂﬁh&% int RileaRPUH SA0 QP i / b
(about 340 NmBW) to about 300 'scf/b (about 510 NnBW. [0022] Due to the

hi gh seveabduwt O:QJhdltbla(bnat 1tlhie’' fa total pressure fean about F4ctooabaniti2000ypsig al | y
one To i‘ea%qu“egc@r@aam”“"c“%Sh%&%%éf@%aﬁlo‘%ﬁ%&%ﬂg%kﬁ%%ﬁ avoafed szl "
t { toth
exot hor m SHE(ATRR! 3 SRS RLaR G- ER P BhatbRadithanBeCiRG: &4, Sf the
feedst ockynd Q?%ﬂg%?ﬁ}efdﬂ{'r&n%&u?%ﬁ nﬁé@@Fl{@b&nchm%s AléRativeRn inert

gas stream suc S nitrogen, 't quid stream such as a lI'iquid E)roduct
/

st r eam of thedoydrbgeh peadgastrate can b €rase aboult 200 stfte@boand40 &b *) tan
additional flow of a m neral feed3s/t q)ck or a conbination of two or nore of

t he aboveabged0ffscibelabaut 510 Nm

[0022] Due to the high severity conditions, the first hydrotreatment reactor
will typically include a quench mechanism, where a fluid is introduced into the
reaction zone to control reaction temperature. This quench mechanism assists in
maintaining a desired temperature in spite of the heat release due to the
exothermic nature of hydrodeoxygenation of the biocomponent portion of the
feedstock. The quench fluid can be a make-up hydrogen gas stream, an inert gas
stream such as nitrogen, a liquid stream such as a liquid product stream of
recycled product from the second hydrotreatment reactor, an additional flow of a
mineral feedstock, or a combination of two or more of the above types of quench

fluids.

[0023] In yet another embodiment, the biocomponent portion of the
feedstock can be pretreated to remove impurities prior to hydrotreatment. This
pretreatment can occur prior to mixing the biocomponent portion of the
feedstock with the mineral portion. The pretreatment can include passing the
biocomponent portion through an adsorbent to remove metals, filtering the

biocomponent portion to remove sediment, or other processes. Alternatively, an



fluids. [0023] In yet another enbodi nent, the bioconponent portion of the
feedstock can be pretreated to renove inpurities prior to hydrotreatnent.
Thi s pretweabrTg7s6an occur prior to m xi ng the bi oconpenents2@oivécon of the
feedstock with the mineral portion. Th® pretreatment can include passing

t he bi oconponent portion through an adsorbent to renove netals, filtering

t he bi oconponent portion to renove sedi nent, or other processes.

Al ternati \zs?ﬁamala}ﬁ@talsi RifdvalpiatGatmerpyal takeglacainnhefirsareat@eafekace in the
first reactor after m xing of the bioconponent and m neral hydrocarbon

f eeds, by nexingsofithe hiecwopdnant dnflaevstal diydrocarbde feadsl by 2appsingdhe al yst
under denetallizatiqon conditjons prior to Tydroggsglfur'zatjon and/ or

hydrodeo?@ﬁ‘ﬁ&lqdoﬁ?? fftgglﬁf} a demstalhigation caR Yl MPIPHAFREEZAION severity
t , t . ' ' : di |
Fange. comotident BRI Al ARG A0y BLhiaEheoRM Alaghl SPPECR! £ O eo

range fraction contajning the diesel .ran conpaunds. The,.fractionati

al sg res uﬁ@“i nre Wé:hygi""t@e&émﬁﬁégbthﬁﬁﬂgﬁgtSse?’%gﬁéﬁagg’ s &ydppreaiesd | 8?
NH3. After fr. ' i.0 : I £s L ' i.onal |
be m xed \f\? etdhg;’tagsceégigttroa Qa%rlﬁée}gdé&l @oﬁpﬁgﬁé rd gén%}af?%g?gﬁ@%dgﬁ%?q{eg%éﬁe I es)s/

severe hydpRipbRAldeThisyiradecesd 8RGEl Bisilihangangetibeedstaiagshs dicsabl e for
use in the present invention boil within the range of about 2150F (about

10200) t oratgewonsPaofds( Aboe ditactipfidlion Rlsefreswalld in renmyadioé gas phasd i ng range
feedstream has an initial boiling paint of at_.least 25Q0F (121 0C), or at
| east 3000FOqueipGRgh a?)Haﬁt Eﬁég@z,ﬁ&ﬁ% Pt fraciongtion t(f‘ﬁﬁ%lbo%%&OC) ., or
at least 451 O 233C) . Prefer - g i {:1 , dstream has
a final b5?qge£a%bq%n8no?§%{?gﬁ%§9’é&]g&’rlﬁl’l agg _,ar%(ré %%PB?Q%@%gr | ess, or
75Q0F ( 399LdshtainSsifor tothafesRER0&cBfrotrbAtendit §6le. Dickélrtbiliafgandecedst ream
has a boiling range of from 451 OF (233C) to about 8000F (about 4270C). In
anot her efiaRirewms sutthieledoessd irbthiel presentangenticerbisi mednm shemngeaifudes
ker osene range_ c ounds to provide a feedstreamwth a bqiling range of
from aboutabgv%@]psglgp(about 102°C5) to about 800°F (about £y, °C). Prefera&)ly, the dicsel

boiling range feedstream has an initial boiling point of at least 250°F (121°C), or

at least 300°F (149°C), or at least 350°F (177°C), or at least 400°F (204°C), or at

least 451°F (233°C). Preferably, the diesel boiling range feedstream has a final

boiling point of 800°F (427°C) or less, or 775°F (413°C) or less, or 750°F

(399°C) or less. In an embodiment, the diesel boiling range feedstream has é
boiling range of from 451°F (233°C) to about 800°F (about 427°C). In another
embodiment, the diesel boiling range feedstream also includes kerosene range
compounds to provide a feedstream with a boiling range of from about 250°F
(about 102°C) to about 800°F (about 427°C). The separate diesel boiling range
feedstream can be mineral based, biocomponent based, or a mixture of mineral

and biocomponent based.

[0025] After passing through the first hydrotreatment reactor and the
fractionator, the diesel boiling range fraction (and any additional diesel boiling
range feedstream) are passed into a second hydrotreatment reactor. The second
hydrotreatment reactor includes one or more catalyst beds containing a

hydrotreating catalyst. The diesel range compounds contact the hydrotreating



(about 1020C) to about 8000F (about 4270C). The separate diesel boiling
range feedstream can be m neral based, bioconponent based, or a m xture of
m neral awo 2bicaoersponent based. [0025] After passi ng thirougis2ada@odeds st
hydrotreat ment reactor and the fractioh@tor, the diesel boiling range
fraction (and any additional diesel boiling range feedstrean) are passed
into a second hydrotreatnent reactor. The second hydrotreat nent reactor

i ncl udes @RGIAK iNEsceBha hyatotheiheAPRIRIdH UtlieR hJuRsuFafizagorat al yst . The
di esel range conpounds confact the hydrotreatingCatalyst in the second

hydr ot r eatcorditioneadheroutputestréapdfrodethsd fegond atydostreavmeint reactor iThaliesed put
stream from the second hydrotreatnent reactor is a diesel fuel wth an

i nproved deelawish animerogsiceiarunamber and arsulivr conteppaf B) PREr Brtweight ess.

[ 0026] The ?at alyst in the second hydrotreatnent reactor can be a catal yst
conmposed 8f '¥5Goup VIB netal and/or a Group VIII netal, optionally on a
support. Suitable netals jinclude nickel, nolybdenum tungsten,

combi nat i d0&2@lher edthe &iiakysbingths sepend bydipireatment reagior Cgpl (r}’acaggldﬁi na,

alumna, and titania.]00 The ,reactio Nty in t d

nydr ot r eatRowesrERER SroRR Y I MRS on € LR SHTL AR PrdelBRGSTRE sui fur
cont ent 0%u¢§&1.f Sﬁﬂ%lé%@ﬂalﬁn@ﬁﬂétniéﬁelgHfBl?;Udé‘iﬁirﬂJ‘thngi‘»teh?érSc&ﬁbirf&ﬁons
feedstreami's exposed to the catalyst beds in the reaction zone. The
reaction cloereof i Susabdasuppartunhehate i/ soficBalinhing, alaniind, dndltitaaid. ot al
pressure from about 250 to about 800 psig (about 1.7 to about 5.5 MPag),

and a tenmpggztjur e The e RMARROINAI S m the@Eok @R pdiot238n8ARator Ragber abl y,

the reaction conditions include an LHSV of fromabout 0.9 h 1 to about 1.1
h 1, a totahdipioassuitablerfonratuoutg G&Gul furabotent ©0the &iegsiredoud abodt 1@ about

4.1 MPag), a hydrogen treat gas. rate of about 950 - 1050 scf/b (about 161-
177 NnV) OPIHPY mgfet @é%m&j&l@ E?ES(UF@HMWSP é?fheg%ﬂyshh%risamttgﬁperat ure

Feact o dguoRaRE: (T reCREEbaifRpHs Sed Blinig fR THSURT SRV The
1.5 h!, a total pressure from about 250 to about 800 psig (about 1.7 to about 5.5
MPag), and a temperature of from about 550 - 750°F (about 288-399°C).
Preferably, the reaction conditions include an LHSV of from about 0.9 h™' to
about 1.1 h™', a total pressure from about 350 to about 600 psig (about 2.4 to
about 4.1 MPag), a hydrogen treat gas rate of about 950 — 1050 scf/b (about 161-
177 Nm’/m’) of at least 95% hydrogen (remainder inert gas), and a temperature
of from about 625 - 675°F (about 329-357°C).

[0028] Preferably, the reaction conditions in the second hydrotreatment
reactor are less severe relative to the conditions in the first hydrotreatment
reactor. For example, the pressure in the second hydrotreatment reactor can be
about 250 psig (about 1.7 MPag) less than the pressure in the first
hydrotreatment reactor, or about 300 psig (about 2.1 MPag) less, or about 600
psig (about 4.1 MPag) less, or about 900 psig (about 6.2 MPag) less. In another
embodiment, the LHSV in the second hydrotreatment reactor can be at least
about 0.2 h™' higher than the LHSV in the first hydrotreatment reactor, or at least

about 0.5 h™' higher. In still another embodiment, the start of run temperature in



reactor are |less severe relative to the conditions in the first

hydr ot reat ment reactor. For exanple, the pressure in the second

hydr ot r eawoento/a7em6t or can be about 250 psig (about 1.7PiPARIASE9E han t he
pressure in the first hydrotreatnent rddctor, or about 300 psig (about 2.1
MPag) | ess, or about 600 psig (about 4.1 MPag) |ess, or about 900 psig
(about 6.2 MPag) less. In another enbodinent, the LHSV in the second

hydr ot r eati@gdcondas debtréathdae rédctdiedst behort abowd 115 th dHdR80°Chagk thig LHSV

in the first hydrotreatnent reactor, or at |east about 0.5 h 1 higher. In
still anothestagrdfodntemperatine intthe tfirsf hydrotreatmpent aeanter.i nt he second
hydr ot reat ment reactor can be from about 15 to about 30C | ess than the

start of f[o0R9]enpeThtwigputfrémeahtiseséindipdioticaahoteadtonch®be optioallly The
output fromthe second hydrotreatnment reactor can be optionally passed to a

separ at i opassgddofagyepgetmazdnsniopiseparatipn of pheaper phaseastreamdl and lailggriid phase

product stream After such separation, the |liqui. hase product stream
can opti oﬂi’&P?eyp ughsiEean ¢ c?‘af rr?E’GL@I sepAtioRa theliqw atg'@.se? uct stream

hydr oi songpj ?Btlhgﬁll)? gg%gss%gﬂobaeh %o%?er!zlél’titoﬁesﬁé?é]er.rgfr“] %%/ ﬁg&&?scﬁﬁér‘iiiqftlo%w

properties o ase pfoduct stieam I optiona

enbodi nenktagkanhedisetite FRHed @@stos3Mhd okl BBFGstopEitisdftBE tigaRMpRASRI NY
fatty acid methyl esters, to further increase the anount of bioconponent.

[ 0030] | npréduchptreamallnlapdthur optenak embodisertgthe hydrotreaieiddepdase bpr oduct
streamfr the second reactor. i s exposed to one or nore reaction zones,
opti onal | @5“ géw@h a%e%fi cepapng fatty agigrmetlyyl estgrse to partherdgcegase the

hydr oi so i ion. {tiops in the presence of hydroisonerization
S} P ppflareay

catal yst. Y, i ¢ dewaxi ng can be acconplished by selective
hydr ocr acki or b dr ol soneri.zi.ng | ang.chai n | ecules within a feed
such as aﬁ‘?@del r ﬁhgé eriignal pudrgis eﬂéﬁq&?ry%tﬁgeaggé?’éﬂ‘i‘ RBASE PROdBELI ar
si eves su ' 1,008 ) | ite
11 co-al Sa AR AR RE L ARRHY PR SB R S 20089 y o retal
hydr ogenabpasnsldfpessent in PsfagatabycteF, I ark lopeRE@hhy @oRRITh@2atiod oup
VIl noble netals. Dewaxing conditions include
conditions in the presence of hydroisomerization catalyst. Generally, catalytic
dewaxing can be accomplished by selective hydrocracking or by
hydroisomerizing long chain molecules within a feed such as a diesel range feed.
Dewaxing catalysts are suitably molecular sieves such as crystalline
aluminosilicates (zeolites) or silico-aluminophosphates (SAPOs). These
catalysts may also carry a metal hydrogenation component, preferably Group
VIII metals, especially Group VIII noble metals. Dewaxing conditions include

temperatures of 280-380°C, pressures of 300-3000 psig (2.1-20.7 MPag), LHSV
of 0.1-5.0 h™' and treat gas rates of from 500-5000 scf/bbl (85-850 Nm*/m>).

[0031] In various embodiments, the molecular sieve used for catalytic
dewaxing is ZSM-48. ZSM-48 is a 10-member ring 1-D molecular sieve. ZSM-
48 performs dewaxing primarily by isomerizing molecules within the feed.
Typical silica to alumina ratios for the ZSM-48 are 250 to 1 or less, or 200 to 1
or less. Preferably, the silica to alumina ratio of the ZSM-48 is less than 110 to

1. To form a catalyst, the ZSM-48 can be composited with a binder. Suitable



tenperatures of 280-3800C, pressures of 300-3000 psig (2.1-20.7 MPag), LHSV
of 0.1-5.0 h-1 and treat gas rates of from 500-5000 scf/bbl (85-850 NmvnB)

. [0031] wo savi7etss enbodi nents, the nol ecul ar sieve usedTiusRoloAad@PYt i C
dewaxing is ZSM48. ZSM 48 is a 10-nmeah2r ring 1-D nol ecul ar sieve. ZSM 48
perforns dewaxing primarily by isonerizing nolecules within the feed.
Typical silica to alumna ratios for the ZSM48 are 250 to 1 or less, or

200 to 1 @indepsmcliRicediREAMINmind)Qildd-akdning, flavid, Rarcbaial or @imixhigreZSM 48 is
| ess than 110 to 1. To forma catal yst, the ZSM 48 can be conposited with a

bi nder. Sthdredf. eBthedsugabledindiers svill aapdremt toghosd of slallahdhe agt, titani a,
zirconia, or a mxture thereof. Qther suitable binders will be apparent to

those of $4032] | nAhbgephlternali984br AitoittR/e btesneheme i§ @ usdg above process
schene is to use a hydrocracker to further treat the m xed bi oconponent and

m neral f égdrocTankenyalfutherdkeat theamibed broopimmment andhsinerad fedd dFle r eat nent
reactor, or a conbination of hydrotreatment and hydrocracki ng can be used
in place gf”dlﬁor‘féaq iCF &80 hﬁd? 4c€é¥frrfg‘ﬁtfﬁ%lé¥‘{}8p?a@<%lﬁﬂ?%§obfor Kydr ocr acki ng
catal ysts _jnel i I - - 2 |4 = enum and
ni ckel - t uﬁgs%éﬁﬂ%ﬁ%@ﬁPgE%‘?'%@@ﬁ@% IHBERE u e IA dadPoy B

pr ef er r ed firfddydrotiedthieat eeRGY. SSxAhpls b ByaRicAlckedd SdtyISsE ihdlaliedrkehose
based on plati'num and/ or pal |l adium Porous support” natérials which my be

used for bikkl-tbealrohdlybdenimpocobadtbinel yoeleatmeatdatiykelstungstpn esd/oa r ef ract ory
oxi de material such as alumna, silica, alumnasjlica, Kieselguhr,

di at ormacediskekmalybdengghdhs lattepwe whigh ate prgfarreda Nipn-hisitigg examples of

al um na-silica ' f.erred..and,t he, nost_.conmon,, Zeglitic orts,
especi a 1 JobanAE] GHBERIRILES uRRE Kb ER Pl AR R A RRAIYE. RN S ¢ ab e
hydr ocr ac kiyhahre RRtHHal ORHidanal BE WdEE (e BmR iR 618 a8 nbhHBLRDRIEa1 2000C to
about 4500C,” hydrogen pressures of fromabout 5 barg (about 0.5 MPag) to
about 300 ciahgts(cunoprise3Oreffaagyry oixidpundtdniali shoh spaaming lsdidat alesind- f r om
about 0.05_h 1 to about 10 h 1 and hydrogen treat gas rates of from about
40 NnB/ n8siisadgeilgulgpdiafemegeopasatth, megnesar/oB zitsonigovithplumom, sdrap) . | f

both a hygfu%g_%l Ta baerillgg greferred and the most common. Zeolitic supports, especially

the large pore faujasites such as USY can also be used. Suitable hydrocracking
conditions can include temperatures of from about 200°C to about 450°C,
hydrogen pressures of from about 5 barg (about 0.5 MPag) to about 300 barg
(about 30 MPag), liquid hourly space velocities of from about 0.05 h™! to about
10 h' and hydrogen treat gas rates of from about 40 Nm®/m’ to about 1800
Nm’/m* (about 250 SCF/B to about 11,400 SCF/B). If both a hydrocracker and a
hydrotreater are used in place of the first hydrotreatment reactor, the conditions in
the hydrotreater can be similar to any of the hydrotreatment conditions described

previously.

[0033] A reaction system suitable for carrying out the above processes is
shown schematically in Figure 1. In Figure 1, a combined mineral hydrocarbon
and biocomponent feedstock 108 is introduced into a first (severe)
hydrotreatment reactor 110. A hydrogen treat gas stream 115 is also introduced
into hydrotreatment reactor 110. The combined feedstock is exposed to

hydrotreating conditions in first hydrotreatment reactor 110 in the presence of



hydrotreater are used in place of the first hydrotreatnent reactor, the
conditions in the hydrotreater can be simlar to any of the hydrotreatnent
condi t i orsOodenan7itsed previ ously. [0033] A reaction syst ecTAis2aob@9s or
carrying out the above processes is shbiw schematically in Figure 1. In
Figure 1, a conbined m neral hydrocarbon and bi oconponent feedstock 108 is
introduced into a first (severe) hydrotreatnent reactor 110. A hydrogen

treat gasggt bﬁ%mré%étally‘ist%as)tﬂd@kbﬁf&ﬂﬁwdfdtmt h\gctra@;w@tatmmrawa%@r 110.
The conbi ned feedstock iIs exposed drotreating conditions’in first

hydr ot r eatedmices theail fur chhent in t}ktedxstlﬁammﬂ offtb ereatedrfeedstock td glsdutbeds t hat
contain hydrotreating catalyst. Preferably, this reduces the sul fur cont ent
in the di 409 Wnpre Scerless, or about 200 seppre Se¥tlsss of 3bapbl0 ¥EOMSHNHISor | ess,

Peedat 32@3? SRR B diror £ Mpvsomd B acub Rt 127 Tuabub sy 1 LA SapdifBy o, &
di esel Dbop| Q%lzéééinl?@llﬁlgqﬁltl$é)ﬂ'abpoﬁ heeerdd fFmihd gedgay Rﬁfdu@fs‘?d ucts.

Fracti onator eparat es out any gaseous contam hants, such as H2S,
CO, CO2, ®rachiddatorial Asesepaesesounhiiepasdoasiconsminpdtsotucnbstlhf, €Ogge.

| 0034 | After passing through first hydrotreatnent reactor 110 and

opt i onal | $GeeprNdlpithatape prasenidaféerethe fust hydjotrgagecntistags on enters second
hydrotreat ment reactor 140, along with a second hydrogen treat gas stream
125. Opti (008d]y, aAdtecpasking tevaph ffestchydrotrehtseerigeactredl Wand t he di esel
boiling range fraction. This reduces the sulfur content of the treated
conbi ned Peeeralbeseparaon bt thealigsehbyingiagee frctioasnterssecendi |y, the

d f h h h f [
and | qui B BRRATRER oA on A0S AoBRBEH AsReOhDUTSRER AL oFY SFFEBa0at or 142
can be us gy [ £ SERINILIN0EN ARSI LMD Ok SHO Wikl Bbilihe second

hydr ot r eat actor 0035] The produ fromthe second reactor can

under go arat@relﬁaztmamf "Bloidiré dwoea th@ seifescorempst thepidaostht dmbiriede product from
the second reactor can be separated into a gas phase product and a liquid
phase pr otkesstogks teyabowtelihppmdry, weight or less. Optionally, the treated feedstock

can then pass through a separator 142 for separating gas and liquid products. In
such an embodiment, hydrogen gas from separator 142 can be used as a recycled

hydrogen gas stream (not shown) for the second hydrotreatment reactor.

[0035] The product from the second reactor can undergo a variety of
additional process steps. Optionally, the product from the second reactor can be
separated into a gas phase product and a liquid phase product using a separator.
The gas phase product from the separator can be recycled for further use in the
second hydrotreating reactor. After separation, the liquid product from the
second hydrotreating reactor can be exposed to a hydroisomerization catalyst
under hydroisomerization conditions. Optionally, before such a
hydroisomerization step, the liquid stream can be passed through a liquid
treatment step, such as by exposing the liquid to filtration, a caustic solution
wash, or a treatment with chemical agents to remove sulfur and trace
contaminants. Alternatively, the liquid stream can be passed through a sulfur
adsorption step, such as by exposing the liquid stream to metallic Ni, ZnO, or

another adsorber of sulfur species.



The gas phase product fromthe separator can be recycled for further use in
the second hydrotreating reactor. After separation, the |iquid product from
t he secomilolydvoosTseat i ng reactor can be exposed to a hy®@Coitsemeniesas i on
cat al yst under hydroi soneri zation condil4i-ons. Optionally, before such a
hydr oi soneri zation step, the liquid stream can be passed through a liquid
treatnent step, such as by exposing the liquid to filtration, a caustic

sol ution wsAyMQr a treatment with chemcal agents to renove sul fur and
trace contam nants. Alternatively, the liquid stream can be passed through
a sul fur adsorption step,. sych as bpy. ex ing the liquid streamto netallic
N U700, or anot hel- dhesthar Tor PRGing S patiiat Dsestbks ComrbtSa f of
produci ng a | ubricant basestock, conprising: hydrotreating a feedstock
containing at |east Ifrypeany aseddstockirdedining st legdtf 60 vivam yfdutfur eat ment
conditions to produce a first hydrotreated effluent; hydrocracking the
first hyduoderchrsedffettivebpdratreatrnenteanskners tof preduge adusblxdnogreatedal yst
under effecgtive hydrocracki ng conditions; cascading the entire hydrocracked
ef fI uent, SHYMbut " separation, to a catal ytic dewaxi ng stage; dewaxing the
entire hydrocracked effluent under effective catalytic dewaxing conditions;

and hydrotreating thehyirdtrackidewhditst iydtoaeardieftiuent inhotpreveee ofacond
effective hydrotreating conditions. 2. The nethod of claim1, further

conpri si n§ydracsacking aatahest undengideeti veclydracragkingceenditipas;ocr acked ef f | uent
to produce at | east a |lubricant basestock portion; and dewaxing the
| ubri cant basestock portion. 3. The nethod of claim 2, wherein dewaxing the

lubricant basestock cqcading the entire hydrocracked effluent, without separation, to

a catalytic dewaxing stage;

dewaxing the entire hydrocracked effluent under effective

catalytic dewaxing conditions; and

hydrotreating the entire dewaxed, hydrocracked effluent under

second effective hydrotreating conditions.
2. The method of claim 1, further comprising:

fractionating the hydrotreated, dewaxed, hydrocracked effluent to

produce at least a lubricant basestock portion; and

dewaxing the lubricant basestock portion.

3. The method of claim 2, wherein dewaxing the lubricant basestock
portion comprises at least one of solvent dewaxing the lubricant basestock

portion and catalytically dewaxing the lubricant basestock portion.

4. A method for producing a diesel fuel, comprising:



portion conprises at |east one of solvent dewaxing the |ubricant basestock
portion and catal ytically dewaxi ng the | ubricant basestock portion. 4. A
nmet hod f owoppwdueisng a di esel fuel, conprising: hydr ot r eaCirrus2@9fe@dst ock
containing at |east 100 vppm of sul furlBnder first effective hydrotreat nent
conditions to produce a first hydrotreated effluent; hydrocracking the
first hydrotreated effluent in the presence of a hydrocracking catal yst

under effective hydr agida6tedtinL® fishidstovkSsontaislipditgadtN@OevPpm @ fRMtupcr acked
effluent, w thout separation, to a catal ytic dewaxi ng stage; dewaxing the

entire hydnderfskeffeetivé hpdiotupatieentefdnslitionsctoqarodiee a dirstehwededtrgatedndi ti ons;
and hydrotreating the entire dewaxed, hydrocracked effluent under second
effective® treating conditions. 5. The nethod of claim4, further
conprising fractionating the hydrotreated, dewaxed, hydrocracked effl uent

to produce at |east aydiresatkingithe fst apdrotrbitedtefuesnid the puddehcabfag oi |
basestock fraction. 6. The nethod of any of clains 1-5, wherein the first

hydr ot r eahgdrosiddkieg tatabyst asdedeffeati tenloydroseehimgt ¢anditions;he hydr ocr acki ng
step. 7. The nethod of any of clains 1-6, wherein the feedstock contains at

| east 10 vppm of i t [Geiin 8 hd B/ RG.ALk T YITRlen ! O BylscharRFL 8 1 the

dewaxi ng catal yst conprises aving a STO2: Al 203 ratio of
100 or | egsataptc dewekidlg xge¢le binder, and the dewaxing catalyst has a
ratio of zeolite surface area to external surface area of at |east 80: 100.

9. The nethod of claim8, .wherein.the | ecul ar.si eye has_ uni di mensi onal
10- menber ring por es.@%Xl%ﬁl%ﬂqHSH’yﬁgﬂﬁﬁgﬁ%@{ﬁﬂﬁPBE?{ ?ﬂlﬁ%wrﬁ?l ecul ar
sieve 1s Eblivkic dewaxing conditions; and

hydrotreating the entire dewaxed, hydrocracked effluent under

second effective hydrotreating conditions.

5. The method of claim 4, further comprising fractionating the
hydrotreated, dewaxed, hydrocracked effluent to produce at least a diesel boiling

range fraction and a lubricating oil basestock fraction.

6. The method of any of claims 1-5, wherein the first hydrotreated

effluent is cascaded without separation to the hydrocracking step.

7. The method of any of claims 1-6, wherein the feedstock contains

at least 10 vppm of nitrogen.

8. The method of any of claims 1-7, wherein the dewaxing catalyst
comprises a molecular sieve having a Si0;:Al,0; ratio of 100 or less, and a
metal oxide binder, and the dewaxing catalyst has a ratio of zeolite surface area

to external surface area of at least 80:100.

9. The method of claim 8, wherein the molecular sieve has

unidimensional 10-member ring pores.

10. The method of claim 8, wherein the molecular sieve is EU-1,

ZSM-35, ZSM-11, ZSM-57, NU-87, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48,



ZSM 35, ZSM1 1, ZSM 57, NU-87, ZSM 22, EU-2. EU-1 1, ZBM 30,

ZSM 48, ZSM 23, or a conbination thereof, preferably EU-2, EU-1 1, ZBM 30,
ZSM 48, ABbRAB/07¢1562 conbi nati on thereof, nore preferablPgTASIGB)66ZSM 23,
or a conbination thereof, even nore préberably ZSM 48. 11. The net hod of
any of clainms 8- 10, wherein the ratio of SiO120is 80 or less, preferably
75 or less, nore preferably 60 or |less. 12. The nethod of any of clains 8-1

1, wherei ZSM@W%P@'CO%@%&& fifteéof, @ra@w HoenmEas 1 aZBMi3a; .sviess of 80
n2/g or less, preferably 60 n2/g or |ess. The et hod of any of ¢l ai ns

8-12, \AheZ«Sﬂ\m-ZBherdemmbmglmatlrdrmﬁ,nhmsmefemblg Z83Mz48)| 43 -23ydrace area to
external surface area of at |east 90: 100 eferably at least 1:1, nore
pr ef er abl 90@b1f!9é1@§tt e, ensm. more preferably K§84‘&f8 any of clainms 8-13, wherein
the binder is silica, alumna, titania, zirconia, or silica-alumna. 15.

The method of any of clré ARetfod4f amdief elaimi!se1®] wHEreid tHet fagib gfonpri ses a
second netal oxide different fromthe first netal oxide. 16. The nethod of

cl ai m 15, SubeAdiOy isi8d erless)preferablycid oeless moregprefarablyador leas. tit ani a,
zirconia, or silica-alum na.

12. The method of any of claims 8-11, wherein the metal oxide
binder in powder form has a surface area of 80 m®/g or less, preferably 60 m*/g

or less.

13. The method of any of claims 8-12, wherein the dewaxing
catalyst has a ratio of zeolite surface area to external surface area of at least

90:100, preferably at least 1:1, more preferably at least 105:100.

14. The method of any of claims 8-13, wherein the binder is silica,

alumina, titania, zirconia, or silica-alumina.

15. The method of any of claims 8-14, wherein the binder further

comprises a second metal oxide different from the first metal oxide.

16. The method of claim 15, wherein the second metal oxide is an

silica, alumina, titania, zirconia, or silica-alumina.



