-1- STAGED CO PROCESSI NG OF Bl OFEEDS FOR MANUFACTURE OF DI ESEL RANGE

HYDROCARBONS FI ELD OF THE | NVENTI ON 100011 This invention provides a

process for the manufacture of diesel range hydrocarbons that are lowin

sul fur and that include up to 20% by weight of a bioconponent feedstock.

Particularly the invention relates to a staged cohydrotreating process for

the manufacture of diesel range hydrocarbons from at | east qne bi oconponent
TAGED: CQPROCESSING | () 5 FORNANUEA .

feedstock and & 2 ' P ocdbg ) : KERAUND OF THE
| NVENTI ON [ 0002] EnV| ronments; ESELt BH 9 Rig regul atl ons and
incentives, and an increastl W Or energy are resulting in
i ncreased integ | &x%% ergy sources such as hydrocarbon fuels
derived from JI%L.%%H. cat—taw ...jjgi\.?al s. In the manufacture of diesel fuel S,

one area of interest has been production of suitable diesel fuel via
processing of [098%kt abTBisdnyentign graxidase proesss fartthe mepwlagiure of digidycer i des of
fatty acids. 0 d

hydr ocar bon c%;g%gns %ﬁ%drrﬁ(g Itﬁﬁg&gl(}%&w gtglf ll(1)(pn&1§ m@@ e'ﬁﬁ%{) bgr@@% Bp

t oget her by amfaelabmmmmhb&eéstodmGrarﬁdftﬂarﬂsmenmkmabbwetesmaaagladach the
remai ni ng |linear hydrocar bon chains corres ond chem}gjg% é/ Eo hydr ocar bons
typical |y preldeetroaingpgesy for thegmanyfagiyre |déﬁ§8 Tpnge BUEPCATpIS 0’[‘(9603] One
conventi onal l%Eb%H@Sfch&Foﬂéh@Yé‘e‘ﬂEt’o@lgaP{cP&%e?s'%ﬁe Rﬁﬂéal(}fyd%éa%onf atty acid
derivatives into liquid tuels in the diesel boiling range is by a
transesteri fifsedstapk. reaction with an al cohol in the presence of a catalyst,
such as sodi um hydroxi de. The obtained product is a fatty acid al kyl ester,
and typi cal | yBAGKGRAQUND ofi THRENVENESNer (FAVE). Wile fatty acid al kyl
esters have many desirable qualities, such as high cetane, there are issues

associ ated wi fogjnel " B9 Bofthe Rt ihterasss, SbRhinchUPlcRulafiBhe dndmbthiRkky! esters
typically ha

and an increasing worldwide demand for energy are resulting in increased
interest in renewable energy sources, such as hydrocarbon fuels derived from
biological raw materials. In the manufacture of diesel fuels, one area of
interest has been production of suitable diesel fuel via processing of vegetable
oils and animal fats that contain triglycerides of fatty acids. Triglycerides
contain three linear and mostly saturated hydrocarbon chains (normally 8 to 22-
carbon atoms) that are linked together by an ester backbone. When the ester
backbone is removed, the remaining linear hydrocarbon chains correspond
chemically to hydrocarbons typically present in mineral (i.e., conventional)

diesel fuels.

[0003] One conventional approach for converting vegetable oils or other
fatty acid derivatives into liquid fuels in the diesel boiling range is by a
transesterification reaction with an alcohol in the presence of a catalyst, such as
sodium hydroxide. The obtained product is a fatty acid alkyl ester, and
typically is a fatty acid methyl ester (FAME). While fatty acid alkyl esters
have many desirable qualities, such as high cetane, there are issues associated

with their use directly as diesel fuels. Fatty acid alkyl esters typically have



- 2 - poor cold flow properties due to a | arge wei ght percentage of

strai ght chain hydrocarbons. Additionally, fatty acid al kyl esters often
have | ow oxidation stability related to the presence of ester noieties and
unsat urated carbon-carbon bonds. [0004]Hydrogenation of vegetable oils or
other fatty acid derivatives by co-processing with mneral diesel

f eedstocks is anotgﬁﬁ approach for conversion of biologically derived
feeds to hydr 8299 ?W@mgfgthsrfium@aéﬁrggmelg%pfrp?@ag%ﬁgsgr_alghﬁic alfet hod

removes undeshi@bkabonsy ddifihaly A0 SALABNAERDLRG HIVE[RAaEARAY| at i on
un ar

reactions, and saturates the aturate on-carbon bonds present in
f eed nol ecul estabikpdretadiabiothe pasémea of nstitomoiyidy adcwaatuoated aarbom-carbant i ons
are in many %‘%@Fg mlar to other fornms of hydrotreating currently used in
refining of al hydrocarbon feedstocks, and therefore can potentially
be practiced using existing infrastructure. However, hydrodeoxygenation
reactions arel080ghl y Bydrogenation afaregetpble ofly ongheiofats gridudarivatiyéspyand al so

require rel at wgéo}é?élsg{ﬁ%itﬁ ﬁ@&lsdiQJ%ﬁ%Qgé?@M&p%a{ﬁ@erﬁ&lﬁgﬁoﬁa?h hgat generated by

t he hydr odeoxygena reaction conbi ne evel s of required
hydr ogen can teaersiom afibidsgicallby} gerhiedifeddeas hydrocdrbop qaitds irethealiesebw hydr ogen

availability jn.the feed stre during hydroprocessing. These undesirable
condi ti ons cafPingHEngs ﬁ]l‘é g‘gijrefrﬁ’r"ﬁﬁl"? irghle QXY@EHRYd si de reaction

products and gikbdedxPiena@bbyS)drodddiakPdiish AACHGRChdPBIurafdGit as cracking,
pol yneri zation, ketonization, cylization and aromati zati on decrease the

yi el d and t heunsaiHested¢agborpeaspen bords po¢sent i fegrbmoteculesi on. Addi ti onal |y,
t ted f f i LNtri. ddi i i.call
et ot e s AR PO AL

derived oils prono or fra

conpounds t hadimAsreto pcer dasisr aflilydrdtrratinglbw@saitlyfused in reli@irgf efirginetdlere is a

need for an irrﬁrov d procesg for refinery hydrotreatnent of hydrocarbon
fydeqe Y

streans that P neqgstae iaEQIﬂ!‘f’;Fe@Ef‘r‘FW@‘E’@H&*’S@E}“@E‘&HS‘&% veget abl e
oi I's and/or anistRb iffsfuctbROGPdwiid:! hg;’i‘io Olaﬁyg&,gﬂef@wawml areﬁ%rh@}ach to

producing a diesel fuel including a biologically derived feedstiock is to
separ at el y prezoidsanigaelptive to-hyflredeswiifurénatibn hpdinlse agduine rélativelydarigeand t he

bi ol ogically derived.feedstock. The processed,feedstocks can then be
bl endad to. prigels e nERRPAG The dQR RLESRGE bF BEARES e FBelalh ng a1 ovs

preferred conéictibRosmbimed evichethebighded@s oLaqbiré ERglbgakcdntdadiodual 'y, this
strategy requires gi ni fi cant additional equjpnrent footprint in a refinery,
as dedi cat ed UYpfiesiably hughyreastion empsrinree ar bopy hygsegen avagabibity i thefeed ¢ hi s

sol ution is RPtanh AYRASRY & oproRBRstheC OflesShARIRM1B Londitions can lead to

increased formation of unwanted side reaction products and coking of catalyst.
Unwanted side reactions, such as cracking, polymerization, ketonization,
cylization and aromatization decrease the yield and the beneficial properties of
a diesel fraction. Additionally, unsaturated feeds and free fatty acids in
triglyceridic biologically derived oils may also promote the formation of high
molecular weight compounds that are not desirable in a diesel fuel. Therefore,
there is a need for an improved process for refinery hydrotreatment of
hydrocarbon streams that include a biologically derived feedstock, such as

vegetable oils and/or animal fats.

[0005] Still another conventional approach to producing a diesel fuel

including a biologically derived feedstock is to separately process both a



[ 0006] Separately, regulatory requirenents continue to reduce the |evel of
sulfur that is permtted in diesel fuels. In order to neet worl dw de
regul at ory standards, processes are needed that allow for production of
diesel fuel with 10 ppmor |ess of sulfu. [0007] EP 1693432 describes a
process for production of a diesel fuel that includes hydrotreatnent of a
feedstock containing from1l - 75%of a vegetable oil, with the_bal ance of

t he feedst ock“B%qrﬁld‘yér‘?ﬁaﬂ@lnaf?eqﬁw*@éﬁﬂlﬁ'obiokoétcélly triavad feedsteckeddeock of
vegetabl e andpBRLAkcBlibelstai I ASARA 1b Brdthuct 8884 MesAV HIcP! I €AL ren!
t1ng ue

stage. Sul fur Ievels I n t e res | ese are not disclosed in EP
1693432. [ 0008YHi8 s¢par26 Pprowtedng albess prefurredenaditions toyler elacadtfoneachar i ous

t f oils.of biolQqgi f |  fuel extend Th
hyair ot reat ed Grreod iR i e it seail GaRpUbERE FPBHIod 1 or
mxing wth afdégmmlmmleryﬂIa@é@dlcité@brocésQQ&%sFaDe Pelfhiré@Pordpier | bes a

process for producing diesel range drocarbons frombio oils and fats.
The feedst ockieeditogksodbusithig soln@pmese@téa\mr@l@frpnm cgststandipint. di | uti ng
agent. The diluting agent can be a traditional hydrocarbon stream The

conbi ned bi o M0D6Jor f Sépasmelygickulatorg reftmRinchsedatimaktoirsdideehe Rasisefd i nto a
reactor at two different Jocation. The first bio oil f ,fat and diluting

agent st ream MHUEhat isperpited i diesgl felst frponder o mect yrarfdyyide ergulajemy e t he
second streampmhaR, ﬁ%@és@éé"dr@ﬂeme‘a R4t a1l ft)ﬁgroﬁﬂgtxéﬂ éf‘ﬂléé}gﬁﬁgw 1()'3nt ers

the reactor downstreamfromthe first reactl SUMVARY OF
| NVENTI ON ppm or less of sulfur.

[0007] EP 1693432 describes a process for production of a diesel fuel that
includes hydrotreatment of a feedstock containing from 1 — 75% of a vegetable
oil, with the balance of the feedstock being a mineral hydrocarbon feed. The .
mixed feedstock of vegetable and mineral oil is co-processed in at least one

hydrotreatment stage. Sulfur levels in the resulting diesel fuel are not disclosed

in EP 1693432,

[0008] US 4992605 describes a process for hydrotreating various types of -
oils of biological origin for use as diesel fuel extenders. The hydrotreated oils
are then separated and diesel component is removed for mixing with a

conventional diesel fuel.

[0009] EP 1741768 describes a process for producing diesel range
hydrocarbons from bio oils and fats. The feedstock for processing includes a
bio oil or fat and a diluting agent. The diluting agent can be a traditional
hydrocarbon stream. The combined bio oil or fat and diluting agent feedstock
is then passed into a reactor at two different location. The first bio oil or fat
and diluting agent stream enters the reactor above the first reaction bed, while
the second stream, also containing bio oil or fat and diluting agent, enters the

reactor downstream from the first reaction bed.



[0010] I n an enbodi nent, a nmethod is provided for producing a | ow sul fur

di esel product. The nethod includes hydrotreating a m neral hydrocarbon
feedstock having an initial boiling point of about 300F or greater and an
initial sulfur level of at |east about 50. ppm by weight in a first reaction
zone under effective hydrotreating conditions to produce a treated m neral
hydr ocar bon feedst o ) [.content greater than about 10 ppm but
| ess than aboftMYALYROl Sie et reat ed m neral hydrocarbon feedstock
is mxed with a bi ocorrponent feedstock to produce a conbi ned feedstock, the
bi oconponent {Qﬂéﬂ]st ocIEn goapbodimegt, apnéthodispuovidadson proveiciyigta lofv subfar conbi ned
f eedst ock. The. eeds s, the drotreate econd reaction
zone under ef les gdi}betl?lg{é‘f)ﬁﬁﬁl%%ﬁgya’iogﬁgtlﬁ)a W%ea%é‘g%é“& ¥ boili ng
range product féaaswagmen iﬂitwﬂ@ﬂﬂiﬂ oftit of BBt 300°P R ErbMer®IdMH infifal | €ss.

BRI EF DESCRI PTI ON. OF THE FI GURES 1]Fig. 1 schematically shows a
reaction syst@HfUF drvehel at deast shpuh S PE@é‘é’sW@Egbb‘Pd’ifHQ“teéCtm@ﬁﬁé‘éﬂ?fent of the

i nvention. [ OQ04alGlLg d;%tr%&tﬁ&ﬂ?o%hﬁ%& o eﬁfﬁéﬁ%& aﬁ@cfﬁﬁr%gall F SRR

perform ng a process” accor to an vent | on.
[0013]Fig. 3 éedﬁeemm:thawaiglwsmm“ntantrgaﬂenthm sbmﬁémpbmblpdesfsmhari abgpud process

according to odi t he .i nven 0014 4 sch matical ly
shows a ?eact%‘gggt”\é@hg ol Bé‘ief‘t(‘ifll‘??lﬂﬁra&’ﬁi%@& ‘ﬁdmf‘?) h&‘é’nbodl ment

of the inventhiggbmponent feedstock to produce a combined feedstock, the biocomponent

feedstock comprising up to about 20% by weight of the combined feedstock.
The combined feedstock is then hydrotreated in a second reaction zone under
effective hydrotreating conditions to produce a diesel boiling range product

having a sulfur content of about 10 ppm by weight or less.

BRIEF DESCRIPTION OF THE FIGURES

[0011] Fig. 1 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0012] Fig. 2 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0013] Fig. 3 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0014] Fig. 4 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] This invention provides processes .for producing diesel fuels that
include up to 20% by weight of a biocomponent feedstock and also have sulfur

levels of 10 ppm or less. This combination of properties is achieved by several



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0015] This invention
provi des processes for producing diesel fuels that include up to 20% by

wei ght of a bi oconponent feedstock and al so have sul fur levels of 10 ppm or
| ess. This conbination of properties is @achieved by several - 5 -
differing enbodi nents, with each enbodi nent having its own advant ages for

achi eving the sired als. 100161 n one enbodi.nent, th oal s .of the

i nvention ar ed&%ﬁﬁ“&%ﬁ’%gwglﬁ%g‘f*&geaﬁhéfrﬁ%ﬁglu"&abg%‘il%“%f’wflﬁ V‘%\t?&?ﬁzg?r
hydrocarbon f eafishiRgihediesirdd\goali. OCOMPONnent feedstock into a single reactor
having nultiple reaction zones. In such an enbodi nent, the first reaction

Fovel of The 108t'cq° T R GREGH b Bl RS e AR o or 1 ess
Preferably, tkhegiagkfcintre@ntiontof@fe mierdl headoestbth Rexdsdocloyst dear bon f eedst ock

I s greater thg_n 10 ppm by weight. Preferably, the nitrogen content of the
treated ni ner 8lPCoRpRISaLICEdHOskciBER? Binglereackprdrvingdueliigle rea-ioniZ98ehmponent

feedstock is {hephafddsdod; . , and the conbi ned
feedstock is exposgxg toozgghe&g?%% ?gsg%%gtégﬂs%@{gegg P%&lg%gmggégond reacti on zone.
Preferably, thalrodesglfmpmationtofiditosst tookdwanhcanfir ice! oftht ae2@dmiierabi ght of

the total weight of, th onbi ned feedst ocks. Thi odi t provjdes the
advant age t ha@' dgpcathgn rygffgfor@c}ﬁlag?‘ﬁi Sﬁd’%ob%ﬁ% bé}e%é&ggttgﬁﬁﬁg§§n§fr_‘ sul fur
can be manuf agtthE Geated miveralUfydestarionl BEdsaIckli@sRARE BEY 10 JpAPHY wishthg to
resort to increased pressures and/or excess hydrogen consunption. [0017]In

still anot herPreferaddy.fenritrogpe cepgentolidhe wrepted minsral ihgdrogabon degdstosl is
also reduced. The biocomponent feedstock is then added to the treated mineral
feedstock, and the combined feedstock is exposed to a hydrotreating stage in
the second reaction zone. Preferably, the biocomponent feedstock can
comprise up to 20% by weight of the total weight of the combined feedstocks.
This embodiment provides the advantage that diesel fuel containing 10 ppm by
weight or less of sulfur can be manufactured using current catalyst technology
without having to resort to increased pressures and/or excess hydrogen

consumption.

[0017] In still another embodiment, the goals of the invention are achieved
by staging the introduction of the mineral hydrocarbon and biocomponent
feedstocks in a reaction system having multiple reactors that include a
hydrotreatment stage. In such an embodiment, the mineral hydrocarbon .
feedstock is introduced into a first reactor, or series of reactors, that include at
least one hydrotreatment stage. The one or more hydrotreatment stages in the
first reactor or series of reactors reduces the sulfur content of the mineral
hydrocarbon feedstock to about 50 ppm by weight or less. Preferably, the
sulfur content of the treated mineral hydrocarbon feedstock is greater than 10
ppm. Preferably, the nitrogen content of the treated mineral hydrocarbon
feedstock is also reduced. The treated mineral hydrocarbon feedstock is then

combined with up to 20% by weight (relative to the total weight of the



by staging the introduction of the m neral hydrocarbon and bi oconponent
feedstocks in a reaction systemhaving multiple reactors that include a
hydrotreat ment stage. In such an enbodi nent, the m neral hydrocarbon ,
feedstock is introduced into a first reagtor, or series of reactors, that
i nclude at | east one hydrotreatnent stage. The one or nore hydrotreatnent

stages in the fiyst reactor .or series qof reactars reduc the sul fur
content of th&MPHE] aﬁre%ﬁg%gwawﬁw%%ﬁﬁe&t ﬁg‘% mg%?eﬁsﬁpgg; &ei ght or
| ess. Preferablyed fi¢aibAst Hfde SANLSH rQktdk Bt ﬁﬂ&ﬁfe@@h??ﬂﬁfeﬁ{méh‘{ diagear bon

feedstock is greater than 10 ppm Pref erablcg, the nifrogen content of the
treat ed m ner dhe bgrabined fasdstoflseate expised & kyidsetreatidg cenditimnefor redicang i ner al
hydr ocar bon f ck is.then comhined wth t 9 j (relative
to the total \%ESEL r%(?m?"l%to fess ar-qq@@%‘l Weﬁeléf%nfr%fgeﬁx%éf%\%@%%%ent

f eedst ock. Theiocoipbitadpdreiot HF GknititedXRe&Estks NThisadimbodafiéntpagvidekdi t i onal
reactor that includes a hydrotreatnent stage. The conbi ned feedstocks are

exposed to hyH‘F@@Y@é@geﬁba‘d@?ﬁ?i ﬁlebﬁ@mlamg_rlé)cﬁmli‘ FIE)“@CF%“ §Dleﬁﬂ9f%ﬂ¥éﬁ‘? to | ess
than 10 ppm by, Mﬁt\%&fﬁﬁ%ﬂ cuqx%ﬂf%ﬁeﬁg&ttézfﬁgofo@? “hth%gpm W reP i On of the
s. This e rovi des

conbi ned feedstoc odi nent he advant age t hat di esel
fuel cont ai ni mgrea@dgpessbresand/ghtxass hyaiegaf comsiirthption: dbhibembadindfeatt ur ed

usi ng current catal yst technol o i t hoyt havi to resort . to increased
pressur es and?lﬁqprgk’@%Qletﬂ?g?%@%‘g&@g%é ¢ri 'gnee %F@Pg BERLRECSSHTE o provi des
t he advant agecdndfiond cB Bsi@éctéRitg Rad hyldRHRQAEMIsEagB b cdse Sa¢H RagedRdi t i ons
can be selected for each hydrotreatnent stage because each stage is in a

separ at e r eacii@rseptaicdpaciern whichi een aggistivitamaindginingg desed tempgratei®per at ur e
during deoxy i - i k. [00181In the discussion
bel ow, a bi ogcgir%%gr@g)t{gege% gfc@gﬁﬁgglgg{'%{tgg%g@%’car bon feedstock derived
froma biologi ra terial.c onent,, such as_.vegetabl.e oil or aninmal
fat. The v_egg['lpgﬁle oﬁ“gﬁ%ﬁﬁc%sﬁl%ré?qv&ta&‘ﬂ?&p%ﬂf ’E‘}Sg%g‘éﬁrefﬂs e present

i nventi on i nolydeRafin BEdsideRIFRriVEd FBMEOBBIdgRRI Riw FRfdrial céthp&ieng 8utiles and
free fatty acids (FFA). The triglycerides and FFAs contain aliphatic

hydr ocar bon cliaesdablp ofliesianinal fafe tiheevepetobla @ils and puimad fa3s that cadgpl es of

oi I "oy of | S-EERTHEBRIH eI i Mo ISR bl hadty | TO""

f eedst ock r eftdglycériviea ahy tice Caryoaidd FEAY! Abk triglpcdrides ahd BFAs cont@imoi | t hat

has optionally been subjected {o.one or nore separatjon and/ or other
refining pro B@’ég’ﬂ“yﬁf@ﬁé@é‘m s ip, thejs staetire hoang 8 ar o P@dst ock is a

petrol eum f eqggipeds ol?@idcbﬂﬂvohéhttf?&is@cﬁ {lchAle®ul &9t BiniRBY BanoPi'6il, @
feedstock typically has a boiling range from about 150C to about 450C

preferably frcomeibsay oilg3astopoiktzradipaid@d. Al ternatively, the feedstock can
be characterized in terns of the boiling points at which various fractions

of the feedstjemo]w | |A BohdrakiiydréaakbaxRegsteck rehes tba hadrbtarBop etdétoclef ers to
t he tenperature at_ which S_Percent of the feedstock will boil, while the
T95 boi | i ng F8iYRI freparudeqil thakhasaphepally beensubigricd fo 98C BeMOENt of the

feedstock W klparatioh and/or other refining processes. Preferably, the mineral
hydrocarbon feedstock is a petroleum feedstock boiling in the distillate range
or above. Such a feedstock typically has a boiling range from about 150°C to
about 450°C, preferably from about 175°C to about 400°C. Alternatively, the
feedstock can be characterized in terms of the boiling points at which various
fractions of the feedstock will boil at. For example, the TS5 boiling point refers
to the temperature at which 5 percent of the feedstock will boil, while the T95

boiling point refers to the temperature at which 95 percent of the feedstock will



boil. In an enbodi nent, the feedstock has a T5 boiling point of at |east
about 300F. I n another enbodi nent, the feedstock has a T95 boiling point of
about 775F or |ess, preferably 725F or less. In various enbodi nents, the

f eedstock contains greater than about 507wppm sul fur, or greater than about
0.1 wt% sul fur, or greater than about 0.25 wt% sul fur, or greater than

about 0.5 wt%suylfur, o reater than out wt, % sul fur r greater than
about 2 wt % S%Pﬁ'uin ?‘B{;O‘ﬁﬁlef%&‘&ég‘?ﬁ%&g@éﬁrﬁ %lll%%pqlﬂteoﬁ%%ﬁ??h%‘f Exanpl.es
of suitable fepg§t aakfiothRElHESIMehT ik ﬁb&sftddklrﬁg351:95%ﬁngg<ﬁ§ttcﬁ%w gin

distillates, |ight aas oils, heavy'gas oils, light catalytic cycle oils,
| i ght cycle olT¥F anessverelaurhlydgSdi osless) 0pGitions pmbedisentsgtheffeddstambnponent

feedstock wit convent i,onal istillate or other mneral g ocar bon
feedst ook s SuBaBOBER el i ihpm i fig op BER ufaibein- DY NSl o

exi sting refingfiy, @greReEnibs abdid 05eK1% BhlaGOsPGeasE thhe @BGit @Ccke1%such as
vegetable oils and animal fats, typically contain triglycerides and fatty

aci ds. Addi t i SHusForgreRtethamabaut il s8ds sW i son gheaserchan abrut e sildurn | | at es

i nhi bits catalylig j [ P elo ' ydr i.ng
catal ysts (e. %ré Ct:ole/bp%gtgjsg%%%gggm%%Z(gfhtﬁ?n&ﬁe%@ﬁﬁ%ﬁ@%ﬂte Qgg%urll{g%%o%%\%?%kls any
particul ar t himoluye virgini distilbitéselipdtotrbated vinginfdistillates, lighoighs biksjtheatyo t he
catalytic inhibition., First, the lLar triglyceride and fatty acid

mol ecul es i n HELS 8?\‘?3’13‘8&{%]?(5’6@519&&3?3'@8r‘?ﬁ%ta\“fliv%?‘y“§ﬁ%6‘ﬁ on and bl ock
active sites of hydrotreating catalysts. This conpetitive adsorption
reduces the a@02Ue siEevrosessingpf biocompprant &edsiark with2sonsentions! a resul t,
CO- processi ngy; i | . i.netd of

hyelrodesur  urtiguiaR BCARRIARRE hEGEMBOAT,ALAR | AR SBATHERST o e tor,
co- pr ocessi ngnafufadtmercdlrertepdiblcdiedsd nsihg edisting kefinetyhequipmhatonponent
feedstock can,result .in an increase in the sulf Qnce tr,at'g{tlﬂof t he

rc
treated feed %Vg%\:er,égowg cedstetks: eh ey yegtthle At and MBSt ng from
treatment of tOpikMIyt ShtdTh Beg19Eerided LA &1 idse edfiRGKof bI6ERRSbnent

hydr odeoxygenati on of bi oconponent feedstocks is believed to produce
i ncreased | evéddstasks oy eenventioral idistitiates dpribitseeatalntc by dradesutferiaationy dr ocar bon

f eedst ock. The | I r ' - - .

nydr odeoxy genatt aeeaoEA Ry Ui Eafing LaelreR G SRt Whbdf dnuiinay o

hydr odesul f urWitiit bringdtoahy ¥ any paAR ik theary, ¢nib ddliewdtthatttve fagtbisbi ti on of
catal ytic hydrodesul furizatiqn, isS overco y partiall|y hydrodesuyl furizing
a mneral fe&BefiGHE ta?‘ilf‘o?atelasﬁemlﬂpﬁgﬂrﬁgﬁm %Pénlglf/%f‘é&éaaé%aw #6idt ne

bi oconponent {&dtdsas biochiponertTe SRtk ARG HoRpRtifvdP 8didh bRiahll BHR!

catal ytic hydrodesulfiirization is mnimzed by first hydrotreating a

m neral hydr @etavenites pEydrobeingratmysss. aTkis competitivetasisorptibn apnges 8@ ppm by
wei ght or | ess:...C L ni. t treat ed. f.eedstock with a bi aconponent
Feedst ook,  andrie Rl 08 pl AR TIREERIT, &6 Bsbi, Dol i MG lce o

di esel fuel biccbmpOngapiiedaytosks Jbivs tie kifdtics@if hgdiodesulfurization. If this

change in kinetics is not compensated for, co-processing of mineral

hydrocarbon feedstock with a biocomponent feedstock can result in an increase
in the sulfur concentration of the treated feedstock, as compared to the sulfur
concentration resulting from treatment of only the mineral hydrocarbon
feedstock. Second, hydrodeoxygenation of biocomponent feedstocks is
believed to produce increased levels of CO relative to hydroprocessing of a

mineral hydrocarbon feedstock. The increased levels of CO produced during



The hydrotreatnment of the conbi ned feedstocks also results in deoxygenation
and saturation of double bonds in the bioconponent portion of the conbined
feedstocks. Additionally, the diesel fuel produced fromthe conbi ned
feedstocks will have an inproved cetane gwnber relative to a diesel fuel
produced fromonly the m neral hydrocarbon feedstock. This is believed to

be due to the linear paraffins that jved from the bi.oconponent

f eedst ock duerB %‘é’&‘%%@ﬂ&??&ﬁ? S‘[%ﬂ‘fﬁf W‘&ﬁ‘bétrf’ﬁ@gﬁf‘wmi’ﬁg bi oconponent
portion of thgydre@dalfogkation Ca@gkggst antially deoxygenated. This corresponds
to renoving at | east 90% or at Ieast 95% or at |east 98% or at |east 99%

of the oxygen ent h eral bi.Q eedst ock.
Al ternativel y[dag st a g"‘fi%‘&ﬁ%i/g‘ nlémt(hf cagg}gﬁs}iygﬁ(géé‘é rlzzggl?%s pond to
reduci ng the mwgleaﬂabe,yl;avteiuyqudwtﬁsmmradmgsﬁﬁlxsetrmkedscbc@ ptiomtdo or | ess, or

0.05 wt%or less, or 0.01 wt% or less, or 0.005 w% or |ess, [0023] Two
types of feedCQf‘E)t?}%‘Pédh%V"teFfé fegfstaskwifhihe biqcempanent fesdstosk: THESHR| | ates and

bi o-feeds (feggs é?ﬁb&!uﬂm? 1mu tid?) &ecra{g?),t%%fh}gg trurd iaﬂPh?SeV()l ume, the

portion of bioconponent rom 0.1 tota ed vol une,
preferably O. m%mozeé(b%ﬁrﬁt hydtcafeaflegd nunémhbydrmarmm&bdstedl%o }talweaporti on of

bi oconponent f X ssed as a i cent

oo mont | (HETETRS aFo R sDampRRasEn BeH SBRbERE B gialfs05 by wer ght
of the total fE&%Gchxﬂh& bioRbRpBheHR e dStodiR0ahA (R AyRkottdagink MAtonhifgEl Wei ght .
Preferably, in the enbodiments described bel ow, the reactors and reaction

zones are opdfedstasks 1o pr OQWWIP%@%MO PIStl Ryerighttor dess of Pefirof

f eedst ocks i 0 Egsﬁ | owi ng
group of emmr@d}&t}eagﬁ%ﬁt%ﬁ%& rocar 5&85% %4‘1 h%”é&gl%@émonent
f eedst ock ar enidnsmodiooced douttle bs&qlxamahebnbeanpomt portiea obftheacanedsingdr .
Preferably, the m per b n st ock i ese iling range
f eedst ock. Tr‘fg qsr{nﬁg a’gd%}éf“ﬂ a Lg’tfg ?@Nc?‘ggi’%tg%ﬂ% ’di‘egnto a first
reaction zongedddgckd wal m%nqmrwedr&faﬁeﬁaﬁﬁkyﬂat%dé aldi@b] gentain a
hydrotreat nent catal yst. The hydriocarbon feedstock is exgosed to each

catal yst bed Piitluced ﬁewlbm@qulbyﬁwarbqemdmpk z&hisdnbeliavedto bas. I n
this first regetd g éﬁx%}%aﬁe}fﬁ? ﬁ%’ p}é;ﬁeb)‘v;é’%f)gm& gfocﬁlé{s@flé}lt OYfRkar bon

feedstock is reduced toa
during deoxygenation.
[0022] In an embodiment, the biocomponent portion of the feedstock is
substantially deoxygenated. This corresponds to removing at least 90%, or at
least 95%, or at least 98%, or at least 99% of the oxygen present in the
combined mineral and biocomponent feedstock. Alternatively, substantially
deoxygenating the feedstock can correspond to reducing the oxygenate level of
the total feedstock to 0.1 wt% or less, or 0.05 wt% or less, or 0.01 wt% or less,
or 0.005 wt% or less.

[0023] Two types of feed covered by the current invention are mineral
distillates and bio-feeds (feeds of bio-origin). In terms of overall liquid
volume, the portion of biocomponent feed is from 0.1% to 50% of total feed
volume, preferably 0.1% to 20% of total feed volume. Alternatively, the

portion of biocomponent feed can be expressed as a weight percentage. In an



[ 0025] The catalyst in the first reaction zone can be a conventi onal
hydrotreating catal yst, such as a catal yst conposed of a Goup VIB netal
and/or a Group VIIl metal on a support. Suitable netals include cobalt,

ni ckel , nmol ybdenum tungsten, and conbi.gati ons thereof. Suitable supports
include silica, silica-alumna, alumna, and titania. Unsupported (bul k
nmetal ) catal yst ed of G oup VIBand tals can al so be
used in the fF'PE?é:lF‘ggtcﬁT d??rﬁ%rh%{)b‘f)%?%‘]“fﬁb epggﬁ?ra?? %ﬁ‘ﬁlé@?o‘?‘?’s""? the first
reaction zoneof®s gl few%ighprﬁefe%tmh%tB%%@ﬂH@kdw feb@weipht.ur content of
the feedstreamto about 50 or less as the feedstreamis
exposed to thBreémlelyylgtthqaeﬁgodlmenﬁeiescedx@ti|b9wwz(tiwereaqthre andgeadtion condi ti ons
can include 0, 5 Q sig total pressure, 150 - 800 psig
hydr ogen partl a S%rre]eU gralrréeés}{ ‘E%Qu enégléig?%te of about 500 - 1500 scf/b of
at | east 80%£1 drogen (I’EITB.I nder and tenPeratures of 550 -
750F. - 10 ->pgH LY Igegs QL QYLE td83619% 1 eat ed

m neral hydrocarbon feedstock) fromthe fi rst reaction zone is passed to a
m xi ng zone W24 it Instheifollaving ghoup dfembodpnmmqla mlaeta$hy)d:rlocar901ef erably,

t he bi oconpon n edstqck is intr |nt t hout prior
hydr ot r eat | ngfe %:%tﬁnaégaﬁ%cd’w ?‘e‘gﬁfgg?%glgr?g’ edimlﬂf( f’lﬁg géﬁned n ner al
hydr ocar bon fgadsécteattor. pp’xedsss@yatheMraﬂ@&dre@%rpekdstmlls@nﬁésby, t he

bi ocomponent feedstock can be introduced into the m xing zone at a desired

tenperat ure Hpinesapgateengotkhel iy Binsmi didiscamben feadsiork is mtrgdeteddnto

enbodi nent , roduced into
t he m xi ng zonew{ 8%%@]#&3}?1&% C?lgdrergg) ?\(/)g&eggéaéagg b%h§?ﬁp8%l|hgirgonponent

f eedst ock carhydt@matment catdlysta Tiar lisidoocaetfonafeedsodhi io expsed éneachy dr ocar bon

f eedst ock (suc a er .mneral hydrocarbgn.feedsto uch an
erbodi ment | ABLELPE] ShiF beift Eghen o Br et ietsnaonn gt B
non- bi oconpo rmgttrezi&ieﬂ%@& lfhé Sulh@UeRNBEGE nhifddal hitRocRPoi RRdstbgedst ock

| eavi ng the m xi 28 zone will have a sul fur cont'ent of about 50 ppm by

wei ght or | ededuc tceahowpéwmm&ybwekghemlsss\nmre the bi oconponent feedst ock
is diluted with a non-bi oconponent feedstock, the goal is still to produce
a conbi ned f qea2sjock Theadiahygt trhmerﬁmireag:tibﬁnendﬂead ega aobieatiomglonent porti on
of 20% by vvei ht or.less. Thus, if the bioconp nt. feedstock includes 33%
by el Ght of PACRURAEHEAGH D 38 cEROR! CERRCR 5T b aTUID NEFGNT of the

stream cont aiahd/BPa GRSuPVAT HERARAM sueg&ttl OBt hidtddeind AR dobAlt, Infidkel,r €at ed
m neral hydrocarbon feedstock in the m xing zone.
molybdenum, tungsten, and combinations thereof. Suitable supports include

|nert as
S A lt) :

silica, silica-alumina, alumina, and titania. Unsupported (bulk metal) catalysts
composed of Group VIB and/or Group VIII metals can also be used in the first

reaction zone.

[0026] The reaction conditions in the first reaction zone can be conditions
suitable for reducing the sulfur content of the feedstream to about 50 ppm by
weight or less as the feedstream is exposed to the catalyst beds in the reaction
zone. The reaction conditions can include 0.25 ~ 1.5 LHSV, 250 — 1000 psig
total pressure, 150 — 800 psig hydrogen partial pressure, a treat gas rate of
about 500 — 1500 scf/b of at least 80% hydrogen (remainder inert gas), and
temperatures of 550 - 750°F.



[ 0029] The conbi ned feedstock fromthe m xing zone is then passed into a
second hydrotreating zone. The second hydrotreating zone includes one or
nore catal yst beds containing a hydrotreating catal yst. The conbi ned
feedstock contacts the hydrotreating cafglLyst in the second hydrotreating
zone under hydrodeoxygenation and hydrodesul furization conditions. This

causes deoxyg | on, rizatio and ol efi ration in the
conbi ned feedﬁ{@ﬁ( T e{) y%g{regqt}egéﬁl}ef%ptt}ttsﬁgalgzggﬁaéj reating zone is
a diesel fuejy defoéd?b&nfewﬁéaefy%n@%m RRAIZ0AD T FhsSdd tharmB@iy gime of 10

ppm by wei ght or |ess 0030] The cat al In the second reaction zone can
be a catal ysthmmblg@mxgd wath@rluu@n\p@emﬂe@ﬁlstmkd/%?fe@b@é‘nm VIIl netal on a

support Suit a?lﬁe rrﬁ@#ﬁ”‘e'g? feegﬁ%)&dl% ugft(t)é)d”1 Ed mEJ) Fl*% eixn i&ﬁ%%gﬂﬁk gﬁ&ngSt en and

conbi nati ons urt e suppo sid1ica a- al um na,

alumna, ti tam}icﬁotrcaimdgcﬁhblbtt&bh@nﬁerttlfea“detbtk inminedovitiethe (leated miatal )
catal ysts conposed of Group VIB and/or G oup n al so be used

metals c
in the secondhﬁfdé‘é‘i?ﬂi"ﬁhfeﬁ‘éﬁﬁ%‘:k tPG’@%‘!HC?ﬁé?OF@&lﬁdlfS?A%QS’KdeH"@H%ﬁ 1% he second
reacti on zoneyicalhy eﬁpﬂg%sttppm Sdé'lhﬁlp efig{t HEROMGIiRGz4 e SWelida content  of

the feedstreamto about y welg t or ess as the feedstreamis
exposed to t hempatadiry by pbebieating thhbioceraponanh feedsteck. Thieanodwet i on condi ti ons

can include 0. 1.5 LHSY, 250 100 t ot al es,sur 15 800 psig
yr ogen. par tiBiodREdsE hedrogfrconfigie i au g sl B foadc into
[ 0032] Opt i onaht wmixinBeos&cond reaction zone can al so include a quench

[0028] In an alternative embodiment, the biocomponent feedstock can also
include a portion of a non-biocomponent hydrocarbon feedstock (such as
another mineral hydrocarbon feedstock). In such an embodiment, the total
sulfur content of the biocomponent and non-biocomponent feedstock is low
enough that the combined feedstock leaving the mixing zone will have a sulfur
content of about 50 ppm by weight or less. Note that in embodiments where
the biocomponent feedstock is diluted with a non-biocomponent feedstock, the
goal is still to produce a combined feedstock leaving the mixing zone having a
biocomponent portion of 20% by weight or less. Thus, if the biocomponent
feedstock includes 33% by weight of a non-biocomponent portion, then up to
30% by weight of the stream containing the biocomponent portion could be

added to the treated mineral hydrocarbon feedstock in the mixing zone.

[0029] The combined feedstock from the mixing zone is then passed into a
second hydrotreating zone. The second hydrotreating zone includes one or
more catalyst beds containing a hydrotreating catalyst. The combined
feedstock contacts the hydrotreating catalyst in the second hydrotreating zone
under hydrodeoxygenation and hydrodesulfurization conditions. This causes
deoxygenation, desulfurization, and olefin saturation in the combined

feedstock. The output stream from the second hydrotreating zone is a diesel



mechani sm where a fluid is introduced into the reaction zone to contro
reaction tenperature. This quench nechanismassists in maintaining a
desired tenperature in spite of the heat rel ease due to the exothernmc

nat ure of hydrodeoxygenation of the bioggnponent portion of the feedstock.
The quench quid can be a nmake-up hydrogen gas strean1 an inert gas stream
such as nitrogqe a | i UId strea suc ui . d grooduct stream from
the second st Wl @ dggtepgpu u§§5 Ctéﬁﬁpﬁgwi HHE'E%An be
optionally paaggg&to a separatlon zone for separation of a vapor phase
streamand a |liquid phase product stream After such a separation, the

i uid phase MEGCL SHAMERM BRLL00R LiBE BAESAhY Poftayy
hydroi soneri z st age. FI2SriZon €t age can %e used to
further inpr ovmp«tnedcﬁbdirbdxpwmmparahu@s a@roth ¥ Tilingptalcbrphagpofir oduct

stream - 12 - [Oogélln t he optional hydroisonerization stage, the liquid
phase product SUisthlemsials igriude eobalt Bichel @ézé)tb&r@nv@, BRENER#d 0 one or nore

reacti on zonegymgRhk HRhdr¥o P 'SHabl sh?%cﬁ'tssiﬁaﬁfléglﬁce{, gﬂfﬁagﬂumﬁm&mﬁﬁ& oper at ed

at hydroi sonmeri zation conditions in e presence o ol soneri zati on
cat al yst. Sui tiablagaiycimahisaives itlraeofo Umsappdriedt(bulkmedtald satatystsent i onal

ot ognat e wRUHeRbOE T I S SR A AR her & e 1| qui d

phase product sdesndipedétpdrsmer i zed, the hydrogen treat gas used in the
hydr oi sonmeri zati on reaction zones nmay be cascaded back to the first stage

of the hydr ot (3 Tent easta AR ERICLIRNRNRRSMENL ol e for

carrying out the ‘above processes Is SAOWN S¢ fgure 1. In
Figure 1, a rrccmdrtmlns lagadibﬁcmr batucingats swdbile cha@nt of thmferedelnnmxﬂ ta aliomt &0f i r st

reaction zone 12 ac or e m neral dr car eds ock is
exposed to hy%%BY &ﬂg gr eshefs '?‘F(fﬁgfr‘f‘fm? I‘Sr“s?‘tpofeéjé&tg%ﬁa 35 t he
presence of ORgetRh ASRE ETRAFRLHS cdifiitforks ka4 ifcAiMed. 5 1.5 LHSV, 250 -

1000 psig total pressure, 150 — 800 psig hydrogen partial pressure, and

temperatures of 550 - 750°F.

[0032] Optionally, the second reaction zone can also 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, or a liquid stream such as a liquid product stream from the second

stage.

[0033] The output from the second reaction zone can be optionally passed
to a separation zone for separation of a vapor phase stream and a liquid phase
product stream. After such a separation, the liquid phase product stream can
optionally be passed to a hydroisomerization stage. The hydroisomerization
stage can be used to further improve the cold-flow properties of the liquid

phase product stream.



hydrotreati ng catal yst. Preferably, this reduces the sulfur content of the
treated feedstock to about 50 ppm by weight or |ess. The treated feedstock
flows into m xing zone 130, where it is conbined with bioconponent

feedstock 112. The conbi ned feedstock pagses into second reaction zone 140,
where the conbi ned feedstock is exposed to hydrotreating conditions in the

presence of o not e, cat al eds that .cont ai dr.ot atl ng catal yst.
This reduces T‘ﬁ’égLul fﬁﬂ h&?ﬁf‘@@warqwetrizéﬁ?’éﬁa%%ﬁfﬁh%ﬁﬂg ‘bcg“l? to about
10 ppm by wei gidanPfromaas sccb@ rQERPH Bk dSIBVN of o %E:ﬁ‘onlzdd%' udes

optional stripper 150 for stripping out a gas phase portion of the treated

conmbi ned f eed8ptieREY prRgentdn pisppasate Ir¢agtirdthphars @ppratsdiaé hy dreiseaspigatitn t o a

di esel fuel t. - 13 -

Bi of eed Co- Pr o%@étgongs?ﬁlﬁ%%ﬁ%[% %{ﬁl‘y#m? ‘g}ﬁfrh%%woﬁ;(}!c’ff g’% faﬁfg% React or s

100371l n the ﬁytﬂrb@wm&gza@bﬂld@tat}fstsaﬁﬂﬁdt B@vieatioral nymersahmehmtcm:ar bon

f eedst ock and a bi oconponent, feedstock are introduced into separate

hydr ot r eat menfai@Esie syrikas gsplifegramerph ‘f‘l‘?é’aWWégr‘&Tpr‘Fﬁf@Feéc%’lﬂb%ﬁo lgedstock is a
di esel boil i ngefapnge feedst ock. For conveni ence, this group of enbodi ments

wi |l be described based on a reaction system containing two hydrotreat nent

reactors, but se of skKi II .Nn th adi | y. under st and how

addi ti onal Q@? rs c%iﬁncFrl?Jbeo qrghg:vnq&lqg asggr%qn g‘l’st er m xing of the
treated ni ner}@JdrMycﬁﬁacz%abme hif@@)@%ﬁ aeHt %Bdsém thé REQOREMe I atioaedst ock.
100381The m neral hydrocarbon feedstock is introduced into a first

hydr ot r eat nerf€aqtioRZPBes Maabe rascadrderack tethgdirpipitagefithg hxdrotieag@erthat cont ai n
a hydrotreatr;g\;\ﬁgt Lcatalyst. The hydrocarbon feedstock is exposed to each
catal yst bed '?e bei ng exposed to hydrodesul furization conditions. In

this first hy r eat reactor ul fur t he m neral

hyr ocar bon TS ockh FECHBR ST s ahL T BBV BB Ao doynEBF oGS

[0039] The catsabwh '(schdfha'fub@ll}f 1nrﬁgu&y1drlgtmg@%rreatmlﬁ@apﬁ;qrro@amorbfeeastock

conventi onal édr otreating catal yst, such as a catal yst conposed of a G oup

VI B netal and/1Bis dtredesed uwal firspreaptiomzaned2preactas iop afihe miseral s i ncl ude
cobal t, nickg gro'EQJ H‘i‘é‘e’&k‘ﬂ& E&Q&%%{dr‘ncongrﬂ%tfe%{m%%ﬁl@% xh'?ﬁ&%é jopul tabl e

supports i ncl ade SI I ca, | ca-a anra, an Corrbl nati ons
t her eof . [ 0040%eThz0 methepresmw@lﬁebnt opnwré catdliyst Heids at bordaiat r eat nent react or
can be hydrotreating catalyst. Preferably, this reduces the sulfur content of the treated
feedstock to about 50 ppm by weight or less. The treated feedstock flows into
mixing zone 130, where it is combined with biocomponent feedstock 112. The
combined feedstock passes into second reaction zone 140, where the combined
feedstock is exposed to hydrotreating conditions in the presence of one or more
catalyst beds that contain hydrotreating catalyst. This reduces the sulfur
content of the treated combined feedstocks to about 10 ppm by weight or less.
The embodiment shown in Figure 1 includes optional stripper 150 for stripping
out a gas phase portion of the treated combined feedstocks. The stripped liquid
phase product corresponds to a diesel fuel with a high cetane value and low

sulfur content.



conditions suitable for reducing the sulfur content of the feedstreamto
about 50 ppm by weight or less as the feedstreamis exposed to the catal yst
beds in the reactor. The reaction conditions can include 0.25 - 1.5 LHSV,
250- 1000 psig total pressure, 150 - 80Q@3psig hydrogen partial pressure, a
treat gas rate of about 500 - 1500 scf/b of at |east 80% hydrogen

(remai nder iner . 75QF. - - 14 - [0041] After
hydr ot r eat men 2 1 Al reallng REactons n f eedst ock)
fromthe first reactor can optionally pass through a separator for renoval
of gas phase Pl3dlict s ﬂl@rﬁ)tlminlgingmogﬁlmilpﬂd@lwmqﬂ%@udwaﬂbnnt he first
hydr ot r eat nen o S s . i ment, the
hydr ogen fl owh\‘teEgﬁa{)%ds%ﬁggﬂ?gﬁbeﬁ??ﬁ?g&?%F ll#tgoéj?:]? %Jr]m?égse%qgaggsepar ated from
the |iquid phhgitotpeantient reactbisS Pioferabe thefthivietat pdroparbom &edytobleisarlded to a
make- up hydrog,en })I&\g to serve as a source, of hydrogen for the first
reactor. Al tefli§3 P9 ﬁ,rm%ifge%§@ﬁC?nvmeea%t HErBRALiehodimeied to the
second hydr ot : . ik i rst

hydr ot r eat mnfvﬂ?ﬁ%@%%grrﬂ? an 9%?@”2%? I])@%% 5rr51P ra?%gl?}gggm\}{e@ggﬁréétﬁﬁgﬁtltreat ed

m ner al hydr osastbsnbitdbolstofckill in the amd ovillirdadilp ubdarsteng boerdditimealst ock.

Preferably, the_bi ocopponent .feedstock has. not. bee revi ousl

hydr ot r eat ed.reﬁﬁgrsﬁpgwﬁg%{:ﬁ%éé’a@f S et xing O&Atti)ehtr‘f%%&]?“f'éﬁled n ner al
hydrocar bon figeidsdaciin feedsescRdindehébiceshpard: feeadstiock. Optionally, the

bi oconponent feedstock can be heated to a desired tenperature by
pre-heating tfg3di oc f i - 0: 1 %J 00 t her

enbodi nment , a[mﬁyégr ogg@ég}gﬁ{%?l#?ﬁgﬁﬁé-fg%!s%@%gﬁbg?% lgié)ndl ﬁl'??oduced W th
t he bi oconpontedtotfeatuiait oedctor itiatancladdsema atr moze eathlysii buds that ctaini .oconponent
f eedst ock ca | so jnclude, a rtion of, a pon-biaconponent hydrocarbon

f eedst ock (s[}yﬁmz aéi‘ﬁ?f’ttﬁ%t?lyﬁf‘E@F%@y‘ﬁwwﬁ&ﬁocfkééagﬁﬁg fo €39} such an
enbodi nent, tdlisebed whlé beihg €RpésRBto RYdrbB&uLASATIARABT 088 dIn this _
nonbi oconponent feedstock is | ow enough that the conbined feedstock | eaving

the mixing zdH& hydratreatmoent seasiars e subfian level aftheminsraldodpgsattiop wei ght or
| ess. [0043] Thgy ot J%ﬂﬂcf{q%%&&%@ ;}ﬁn%ﬁ%ﬁ?%??e(gs.' nto a second
n ydrotr

hydr ot r eat ment reactor. e Seco ment reactor includes one or

nore catal yst s contai ning.a hydraotreating catalyst. The conbi ned

f eedst ock cor{{’@ggs t he' W%‘?_ﬂ"ég‘Fifﬂﬁ;ﬂ}?’ﬂ%e}?E‘g@Wﬁeay ?E@Sﬁd hydr ot r eat ment
reactor undercoMystionta dyuaRRaiih® Badiyst, SrirRAeatdly s thbABbicAb G Hup! Ons. This
causes deoxygenation, desul furization, and ol efin saturation in the

conbi ned f eeddBorial andéorautroup SH T maial on o suprvet. Seytahle mytalsonelude ment
reactor is a

o Multiple

coEalt}%ickel, molybdenum, tungsten, and combinations thereof. Suitable
supports include silica, silica-alumina, alumina, titania, and combinations

thereof.

[0040] The reaction conditions in the first hydrotreatment reactor can be
conditions suitable for reducing the sulfur content of the feedstream to about 50
ppm by weight or less as the feedstream is exposed to the catalyst beds in the
reactor. The reaction conditions can include 0.25 — 1.5 LHSV, 250 — 1000 psig
total pressure, 150 — 800 psig hydrogen partial pressure, a treat gas rate of
about 500 — 1500 scf/b of at least 80% hydrogen (remainder inert gas), and
temperatures of 550 - 750°F.



di esel fuel wth an inproved cetane nunber and a sul fur content of 10 ppm
by weight or |ess. [0044] The catalyst in the second hydrotreatment reactor
can be a catal yst conmposed of a Goup VIB netal and/or a Goup VIII netal
on a support. Suitable netals include pijgkel, nolybdenum tungsten, and
conbi nati ons thereof. Suitable supports include silica, silica-alum na,
alum na, titani and conbi nati ons thereof. [0045] The. reaction conditions
in the second[q@b} ot réaﬁeggmmﬂé%}&eak thepptp S&irﬁ?faidr?%%mé‘tﬁr?labl e for

reduci ng the flbiio GPREERbI ird el SECEhEGARN RABRAN  patOupBRIPY Vel gt or
| ess as the fgtaorlstrream IS ecxkgorsed teo the cataly t1 ’beﬁlspi n tﬁ‘géreacti on
zone. The r eagspawtordonaintavehst gasphaseqirodiectOfrém-thd liguitd lgBxse @bduct 1000 psi g
total pressure, ,15Q .- .80 i rogen parti al SS , @and tenperatures
of 550" “Te0r b dit Mahir bRt B i AR BT “Can 2o
i ncl ude a quegitbodiRehtieHiVdrodea fRovathiat pasted trduzhitRHEE bakdl & 4188 reaction
zone to control reaction tenperature. This quench nechani sm assists in

mai nt ai ni ng aScAddteddEpm dediquid phaseipsodysi.t EhishydiogemBaw asloptigraltyie t o t he
exothermc n | i i } of the
f eedst ock. Tﬁ%&éﬁéﬁ%ﬁﬁﬁ%‘? g&ggryggﬁgﬁ }{" %ﬁ&eua%qﬁgﬁcgggwggg%{ﬁggémhggn i nert
gas stream suelctas Altdérnatipely, this lhiydtoigen slowaamoptiotalsbecadded|to thepr oduct
stream of rec clrgﬂl)glroduct fromthe second hydrotreatnent reactor, an

addi ti onal P T REPERt 1Pttt ock, or a conbination of two or nore of
t he above types of quench fluids. [00471}The out put fromthe second

hydr ot r eat merl0044act oAfiganassinggpraughdhe {irsphydreticatmentrse¢ier. asépay at i on zone
for separati.op,: s r n I quj stream
Ater such o RSt IpHRRY vRE heltaRAThAER Ruiolitbly ReBABaERIBNEN LI Y b
passed to a hyitdr obimoompozat ifcedstotiagPrefdhblynthd bidcoapenematédstockthage can be

used to further inprove th ol d-fl ow properties of the |iqui ase
product st r et beer;rlppreviously gy&rotreated. Thg {)io%omponent eedstock Es r%ijxe V\Iljit

the treated mineral hydrocarbon feedstock to produce a combined feedstock.
Optionally, the biocomponent feedstock can be heated to a desired temperature
by pre-heating the biocomponent feedstock prior to mixing. In another
embodiment, a hydrogen-containing make-up gas can also be introduced with
the biocomponent feedstock. In an alternative embodiment, the biocomponent
feedstock can also include a portion of a non-biocomponent hydrocarbon
feedstock (such as another mineral hydrocarbon feedstock). In such an
embodiment, the total sulfur content of the biocomponent and non-
biocomponent feedstock is low enough that the combined feedstock leaving the

mixing zone will have a sulfur content of about 50 ppm by weight or less.

[0043] The combined feedstock is then passed into a second
hydrotreatment reactor. The second hydrotreatment reactor includes one or
more catalyst beds containing a hydrotreating catalyst. The combined
feedstock contacts the hydrotreating catalyst in the second hydrotreatment
reactor under hydrodeoxygenation and hydrodesulfurization conditions. This
causes deoxygenation, desulfurization, and olefin saturation in the combined

feedstock. The output stream from the second hydrotreatment reactor is a



- 16 - [0048]1n the optional hydroi sonerization stage, the liquid phase
product stream fromthe second reactor is exposed to one or nore reaction
zones, optionally present in a separate reactor, that are operated at
hydr oi someri zati on conditions in the pcgesence of hydroi sonerization

catal yst. Suitable hydroisonerization catal ysts include conventi onal

hdr0|sorrer|ztl sIs h as zellte or hous taI sts
oot oumared. whter usl LA Ve coie TRReh Ed Syt DA O or

carrying out wg%hagpné%_processes is shown schemati caIIy |n F| gure 2. In
Figure 2, a mneral hydrocarbon feedstock 210 is introduced into a first

hydr ot r eat menfogact ory 220, A B A GOSN L AR HRRAR LLER chd B b2afhap

i ntroduced into hydrotreat reac € m ner rocar
feedstock is eompxsediofm(}itwbVIBe@talragdmﬂad]rbhpmllmetilldnsdsdpysdftotreat ment
reactor 220 i pre ence of one or npre cat aI (lfeds that contain

hydr ot r eat i ngs'é‘éﬁbgel ‘§?§ﬁa s ‘P’?léfj"eP‘&BFlymoﬂthngEdHE%% I’c RRd AMPIMRLERYt ent of t he
treated feedsfflort 9U1?atﬁ@éj§ugggrt§9mlﬁ¥ sﬂﬁzhgﬁﬁcaoﬁlu}n?l?as alulflfa, [i&dh &fhdf eedst ock

optionally flows Into a separator 225, where gas phase product’s are
separ at ed fr oennhbioaticss peasef. pr oducts. Optional |y, a portion of the gas:
phase products separated by separator 225 may be cascaded back to the first

reactor as a [ess|c! edThy thae@ancdndains GdthestéRAMydaStreatfeyedttétagnbodi ment ,
recycl ed hydrogen treat gas stream 235 is conbi ned with hydrogen treat gas

stream 215 prbayondisionp swifablgfor redycingthe stlfus sonteat ofthg feegptreapyio %HS’L“F onal Iy,
a portion of d;ﬁp gvﬁhgrﬁ%r PJsQQé’ﬁnresfe&ﬁH@{ QW%Xeét%Hﬂé @ﬁtﬁ’l stieds TR
sec €

cascaded to t actor as a recy c ydrogen tre t gas stream 236.
[ 0050] Aft er phs sdangon homeudihefreacion hydalmbnsamnrmciude: eact bb [IPSV 225 —
optionally se ato the tre d m al h carbonfe dstock is
combi ned with é’é‘@ﬁﬁ@ﬁ@#‘?ﬁsu{r‘ée@& g%(ﬁ) pfing?%‘{rf’%?“é/ TR EPH g *Second
hydr ot r eat mentmpaasi& of2%40.- 75ber.conmbi ned feedstock is exposed to
hydrotreating conditions in the presence of one or nore catal yst beds that

contai - hydr Quit | "SofabalyShe SIS 1 BAGES R Fe S LHE oRRTIAR £ Lhe

treated conbine o a
Bi of eed Co- Prqmemﬁsmhﬁlang;nﬁmﬁrd% flaidois mtfcﬁm&id inlno tlieeeziomiloh(zmmg) a;mnmﬂ) of
enbodi ments, a mineral % rogar bon
reaction temperature. This quench mechanism assists in maintaining a desued
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.

[0047] The output from the second hydrotreatment reactor can be
optionally passed to another separation zone for separation of a vapor phase
stream and a liquid phase product stream. After such a separation, the liquid
phase product stream can optionally be passed to a hydroisomerization stage.
The hydroisomerization stage can be used to further improve the cold-flow

properties of the liquid phase product stream.



feedst ock and a bi oconponent feedstock are introduced into separate
reaction zones of a reactor. In this group of enbodi nents, the m neral

hydr ocarbon feedstock is preferably a heavier feedstock that can be
processed to forma product that is partgally conposed of material suitable
for diesel fuel. Exanples of such heavier feedstocks include |ight

at nospheric gas 0ils, heavy atnmospheric gas oils, and v chnlgas oils. The

m ner al hydr od88bn 1 dathsiptipnsldyidrissperzation ﬁ?%e’éhq]i“iué PR&SSIEPHIft zone t hat
i ncl udes one QfeAMPHEMAAL 8dball rdRHs i B%S&P@t@‘fe%r%?d?éf %a@fi&??é}r{é%f‘t catal yst.

The hydrocarbon feedstock is exposed to each catal yst bed I'le being

exposed to cabptignally pfesent inpdeparateatantor; thabardiopemtesl. at hpdoomtesizetioral yst i n
the first reaction zone can be a.conventional hydroiregati catal yst, such
as a catal yst C%“éf‘ﬁb%’s?é‘&E“(ffprgse@%%gwgs%f’%a%gﬂ&%%‘Fysé @%B’g VIII netal on a
support. Suit bpdreisomeataionalatide wehat tonvehGk@ll hydisohideRation t ungst en, and
conmbi nations thereof. Suitable supports include silica, silica-alum na,

al umina, tit afftlystaych angsolits oramorpheyssgtalystoosssanatedrwille 8 inghlecondi t i ons
in the first lrnga’;‘tion zone can be conditions suitable for catalytic feed

hydrotreatment. The reaction conditions can include 0.25 - 1.5 LHSV, 1500 -
2500 psig total pressyre, and 900 -, 220 si g. hydroge artial pressure.

[ 0054] Af t er h@’g? r eaf rfﬁ?ﬁt‘,onlsﬁg_e@tﬁ“ﬁﬁ%’eg‘f’f '{gt?‘éél?eefg’oﬁf REYEFSHRYr ocar bon
feedstock) frag@whliehérhdtidally &RPiuAN2 Z BLighe DATRREral %&o%ﬁbﬁl GecfiofoeK Where it
is mxed with a bi oconponent feedstock. Preferabl éQ, he bi oconponent

feedstock is 418tis sindaeed intoa firss hdsotiegtmeshesaoior Adlit Agryidogenytbabgaseat i ng.
e T ke
f eedst ock carhydeocarfonddedsadkiinexpdsbetaipdrogeatiag eonditiansigdirsed t enper at ure
by pre-heati %%d%oqgeatbnileon% ?ergg:?or}eng uf1 (tah%d;;srgsoe(x:lléé o% (r)]neaor}or}lgr% rcataiys%ge&s that

contain hydrotreating catalyst. Preferably, this reduces the sulfur content of the

treated feedstock to about 50 pf)m by weight or less. The treated feedstock

optionally flows into a separator 225, where gas phase products are separated

from liquid phase products. Optionally, a portion of the gas phase products

separated by separator 225 may be cascaded back to the first reactor as a

recycled hydrogen treat gas stream 235. In such an embodiment, recycled

hydrogen treat gas stream 235 is combined with hydrogen treat gas stream 215

prior to entering first hydrotreatment reactor 220. Optionally, a portion of the

gas phase products separated by separator 225 may be cascaded to the second

reactor as a recycled hydrogen treat gas stream 236.

[0050] After passing through first hydrotreatment reactor 220 and
optionally separator 225, the treated mineral hydrocarbon feedstock is
combined with biocomponent feedstock 212 prior to entering second
hydrotreatment reactor 240. The combined feedstock is exposed to
hydrotreating conditions in the presence of one or more catalyst beds that
contain hydrotreating catalyst. This reduces the sulfur content of the treated

combined feedstocks to about 10 ppm by weight or less.



enbodi ment, a hydrogen-contai ni ng nake-up gas can al so be introduced into
the m xing zone. In an optional enbodi nent, the bioconponent feedstock can
al so include a portion of a non-bi oconponent hydrocarbon feedstock (such as
anot her m neral hydrocarbon feedstock).1f0055] The conbi ned feedstock from
the mxing zone is then passed into a second hydrotreating zone. The second
hydrotreating zone ncludes one or. nore cat al yst beds containing a
hydrotreatlng -y paUsiggi B ReadISt ock contacts the hydr ot reati ng
catalyst in the second hydrotreatlng zone under catalytic feed
hydr ot r eat i ng[MSibHi t i dnshe filiowinggroep oflenkydjmeatsi @ mingtelhyidrorarbat i on, and
ol efin saturat.li i,Lh the .conbi ned feedstock. The out put streanlfronlthe
second hydr ot ?eggsppﬂcgargio%lémf(gn%or&pgéeggsqe%qrewt{(}ﬁlgﬁﬁnﬁ%ﬁé}@éaae EAEUNE - nunber
and a sul fur gemtenk réktotOLPMHm Q)éu%@f&’ﬂbocﬁfneh@sthe nhideabhydiec4Bbl yst in the
e

second hydrotreatnent reactor can a catal yst conposed of a Goup VIB
netal and/ or Eedsteskpis praferablytaeayier éeeslatpgbmat camba preresserbtogfosmianc| ude

ni ckel , nol yb@%ﬁﬁﬁﬁhéﬂi’é‘gﬁﬁi‘y c gqs(é& m’l’n@?e fafﬁﬁta%@efoggfeselﬁgélt abl e supports

i ncl ude silic sil1ca- m-na, um na, ani a, an I nati ons thereof.
The reacti on Exembples ofisich hedvier feedstouits lre:dmtell(ght ammespham Jia:53 osismdaay to the

first reaction zone,. and wtgblefor 2[' gglt ﬁ%fur nt of the
f eedst r eam t c*IPFRNCIEE2H B B XATUYHR g%?rm eddieduineraLhy 88@??% 8k xposed
to the catal ygtintRRideed Mtd bﬁrsrt?@a%hbﬁﬂor?&fl?t ml-:lQQ&?(]rQHr'rﬁ)&@lchﬁéiysE B&lssecond
reaction zone can al so include a quench nechanism where a fluid is

i ntroduced i nthef contain ehpdiotpatmenecatdlysorfie diydrasadondeedsoelsés exnosed  Thi s
guench nmecha i inin n spite of

t he heat rel ?8?53 Hau%l%t%ehQth{% b@L%rempg&qu urfe?ib{%%qrﬁ agge’%%(a;}!{gngrﬁ{atl on of the
bi oconmponent @aditionsnn of the feedstock. The quench fI UI d can be a make-up
hydrogen gas stream an inert gas streamsuch as nitrogen, a liquid stream
such as a |iqgpshjpr odns:etca%ws%m&fﬁéﬁe ?lo%dzoaé eslipd a%ﬁ&@nhhﬁalsecond
hydr ot r eat ment react or, an additional ow of m neral feedstock, or a
conbi nat i on dfydrofxsaiang msalestoweﬁm azotiyst cyppesediofquéneop MBunesl - 19 -

[ 0058] The OUta%H}or I’Cxoroup lQf?II on a{ s?u%%%xl'to rgulzta me%alg iinsc ue(fje ctogaf%, nickel,

molybdenum, tungsten, and combinations thereof. Suitable supports include

e

silica, silica-alumina, alumina, titania, and combinations thereof.

[0053] The reaction conditions in the first reaction zone can be conditions
suitable for catalytic feed hydrotreatment. The reaction conditions can include
0.25 - 1.5 LHSV, 1500 — 2500 psig total pressure, and 900 — 2200 psig

hydrogen partial pressure.

[0054] After hydrotreatment, the output stream (treated mineral
hydrocarbon feedstock) from the first reaction zone is passed to a mixing zone
where it is mixed with a biocomponent feedstock. Preferably, the
biocomponent feedstock is introduced into the mixing zone without prior
hydrotreating. The biocomponent feedstock is mixed with the treated mineral
hydrocarbon feedstock to produce a combined feedstock. Optionally, the
biocomponent feedstock can be introduced into the mixing zone at a desired

temperature by pre-heating the biocomponent feedstock. In another



fractionator for separation of |lighter and heavi er conponents. Because the
initial feedstock was a gas oil or another conponent with a boiling range
above the diesel range, only a portion of the output fromthe second
reaction zone is suitable for use as di.qgel fuel. The fractionator
separates the portion of the second reaction zone output that corresponds
to a diesel boiling range product fromthe heavier and )i ghter, conponents.
[ 0059] Af t er fF@&?Pﬁ*‘g}?af’iagw,c‘?‘{gﬁé"’&?@%?gBB‘ FURG SHASHPOIIOLuFS iBifssed to a
distillate hygfaRnieaneNh AP8FHGHal BhbbERfhD iR bid&instintht fek@dtSck can

hydr oprocessi ng reactor can include reaction zones for any type of
hydr opr ocessi algo inghidsad poytigreef @ nee-tiocgamponentrhydiosarbon &edtogk stieh as uel , so

|l ong as the fi i.e f uel product s a sul fur content of 10 ppm by

wei ght or Ies%r.?oq urgwn %L%%P%acrgcs)%?eﬁéﬁg%@ps can incl ude

hydr odesul furi zati on, hydroi soneri zation, and/or hydrofinishi nq% [ 0060] A
reaction syst 8853l t aBhe cembingd fesgsiogk diom the anixing\Zenp isghen passed 0to apown
schemati cal | yd.Bndiy o i i K figedstock 310
isintr oducedselicnrtl(g a F’ ??a:s%rtngrzgggt ?géngezcgﬂ%ﬂ%%&g%tﬂlrge}%? 6@%%%‘?’& m ner al
hydr ocar bon f merkstatadkstibsdseoqnesininhgtachydadtedating cathlystd Thedoaitieeat i ng condi ti ons

in first i 320,ip th f tal yst bed
that contain Fyoet @it Bydmfefin vy s S REarPPE AR nio
M xi ng zone 3@fler ¥h8K Ac fdediny dfRRALIAE doMitidhsD g EHox) 28RdEbACK 312. The

conbi ned feedstock passes into second reaction zone 340, where the conbi ned
feedstock is deplbudation. angrodeln satumiien imiig compinsdifergstoskdilhe OB n t he

presence of o r I t : CO i 0, i catal yst.
The out put fr%‘?ﬁa@h%&gé?eaﬁ%%‘?dcﬁ&ergggﬂéﬁr%?% eat %%? @%ég%\ggl %ngﬁggg{s)%id to a
fractionat or &fde nwinbeeadesulfitrpohtensoSEpppmabe dveigliit@r dessli esel boi | i ng range

product, a lighter product (i.e., lighter than diesel boiling range), and a
heavi er produgpsejThe dhgesthlyRPinl theSedoRBUGIMRERM Nt Faciobeih BERkataRsB
distillate hydroprocessing reactor 370 for any final hydroprocessing steps

that are desi¢ogwopestofrrsuacy it met andoppreyp WHI gietal on 4 appodi esel f uel .
- 20 - Biofeed. P i - e C Figure 3, a
singl e react ?ﬂtgﬁ% n{lés%glgZ@cé&%oﬂg%%%?ﬁ%ggquéﬁﬁ?g?%éé’g‘{ ?1?/%?121? &é‘gs?i ng on a gas

oi | or other theeof. tSustableSupysats iaclutié gitica silitatalaminl slsalind)eitidiagndange f eed.
Al ternatively, F& dual reac}orr hydr Qcr ackj, ng reacti on (fl}'St em can be used to
process a hed? inaigpsjthereof. The reaction conditions in the second feaction zone can

be similar to the first reaction zone, and suitable for reducing the sulfur content

of the feedstream to about 10 ppm by weight or less as the feedstream is

exposed to the catalyst beds in the reaction zone.

[0057] Optionally, the second reaction zone can also 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 i)roduct 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.



[ 0062] Figure 4 schematically shows a two stage hydrocracker 405. The two

st age hydrocracker 405 can be used in place of a catalytic feed

hydrotreat ment reactor 305 in reaction systens such as the one shown in
Figure 3. Hydrocracker 405 includes a fijgst hydrocracking reactor 420 and a
second hydrocracking reactor 440. In Figure 4, a mneral hydrocarbon

f eedst ock 410 | ass i nto hydrocracking reactor, 420. dr ocr acki ng
reactor 420 ih‘tqssﬁﬁes gﬂ‘@%ﬂ’“ﬁfﬁ’@té%tﬁ%ﬂoi)gfeaﬁgﬂ%z?rﬁdﬁ péﬁﬁ@g‘%/ﬁ hydr ocr acki ng

catal yst. Feedstfaidt b gega@ﬁ&pﬁpﬂ%ﬁtg dldGeaRbAtdRPorRARS Bk thy dr ocracking
r y hydrocracked f

conditions to produce a parti al eedst ock. [0063] The

partial |y hydmotital desdetdck evad stgas kil ios apatbgradniponsnt wighae bpiding zangs ahage of
second hydrocpacki ng reactor 440. The partially hydrocracked feedstock is
ur ther exposth AeHphE8ERiapon & e oo RS SEn BB BE RS ¢ ons i n
first reacti ofuiabRefoddst as ti®ePfuel UTe RidtiohM@r sdparatds the bortacifitian zone 442
is conbined with a bi gconponent feedstock in m xi ng zone 444. The conbi ned
f eedst ock t heffepabEsagtiomzane outwh that eereesperdsAgralionebboilipg rangeprodickx posed t o

a hydrocracki RgmGad Al sd: aﬁgﬂgﬁtep%(&ﬁﬁ&{eﬂ&[(i ng conditions. The resulting
0

product exiting from secon eact | zone 446 can then be passed to
suitable furt processi zones such as, a. fractionator .360 shown in
Figure 3. - @ﬁ%g] CLA‘_%%_S‘.’ ggcnonat’m&.th%dlﬁiﬁﬁ ﬁB’dmgd?n%?eraé‘é‘ithﬂ_’aésﬁ?‘iWasul fur
di esel producdistil@Rydreprdessing reactor or reactdt¥ Tt URAHARGyardPré®Edh

hydrocarbon feedstock having an initial boiling point of about 300F or
greater and aifa¢ten qandnclydg feaetiqnezomes bir any t}’r@dsftil)’émmiﬁc%@ﬂéﬁfﬁl@}vaei ght in a

Fiirst react i o e HOAGE el GeLle U 15 <B4 LA0HA 805 i Produce o

treated m ner ocarbo S avi n fur ntent greater than
about 10 ppm frodudt bssa sulfur camment ofSI0 b weigit@hless. Such m xi ng the

treated m neral, hydrocarbon feedstoc ith bi oconponent feedstock to
produce a c,orﬁ?idﬁé’éoqeé%{i%?tﬁﬁ%,’a“tlﬁguﬂ? Eﬁ‘ﬁ\fnﬁﬁ 12311080 BY YOS OB ng up to
about 20% by a9y d@finishfigconbi ned feedstock; and

[0060] A reaction system suitable for carrying out the above processes is
shown schematically in Figure 3. In Figure 3, a mineral hydrocarbon feedstock
310 is introduced into a first reaction zone 320 of reactor 305. The mineral
hydrocarbon feedstock is exposed to catalytic feed hydrotreating conditions in
first reaction zone 320 in the presence of one or more catalyst beds that contain
hydrotreating catalyst. The treated feedstock flows into mixing zone 330,
where it is combined with biocomponent feedstock 312. The combined
feedstock passes into second reaction zone 340, where the combined feedstock
is exposed to catalytic feed hydrotreating conditions in the presence of one or
more catalyst beds that contain hydrotreating catalyst. The output from the
catalytic feed hydrotreatment zones is passed to a fractionator 360, where the
output is separated into a diesel boiling range product, a lighter product (i.e.,
lighter than diesel boiling range), and a heavier product. The diesel boiling
range product is then sent to a distillate hydroprocessing reactor 370 for any
final hydroprocessing steps that are desired for manufacture of 10 ppm by

weight or less diesel fuel.



hydrotreating the conbi ned feedstock in a second reaction zone under
effective hydrotreating conditions to produce a diesel boiling range
product having a sul fur content of about 10 ppm by wei ght or |ess, wherein
the diesel boiling range product is strhbpped to renove gas phase

I mpurities. 2. The nmethod of claim1, wherein the bioconponent

f eedst ock co -r| ' -,nethod of claim1, wherein the
m neral hydroea ; . Feg8int of 775F or |ess.

4. The met hod of cla|n11 mhereln the m neral hydrocarbon feedstock is an
at nospheric gé¥6d] | | @E@lmj?maﬁsglomacmﬂoélﬂ wsgto pgrégran eptplytic feed 5. The
met hod of cl aj rein_ t 0 | a

bi oconponent h rgj Er%%ﬂ ngl aaga%mﬁle&ﬁ%%r%dg@g% g;"gér thA(% %?Pal d§e(§‘§16 The

met hod of cl ab@mﬁg ramigerfeam Alb@nadvety, aldubmaacﬁmkmﬂcrﬁaadgt@ekoﬂnmtm 15
boi ling point of at |east 300F. 7. The method of claim1, further

conpri sing hyEﬁ‘bt?es‘&ﬁ@F‘? E‘ioﬁﬁsstal‘f@adieégeép boi ling range product. - 22 -
8. The nethod of claim1l, wherein the first reaction zone and second
reacti on zonel[0862] contFé,fgured sch¢hatically showgs @ twe stegohydrocracker 405. The

two stage hydrocracker 405 can be used in place of a catalytic feed

hydrotreatment reactor 305 in reaction systems such as the one shown in Figure
3. Hydrocracker 405 includes a first hydrocracking reactor 420 and a second
hydrocracking reactor 440. In Figure 4, a mineral hydrocarbon feedstock 410
is passed into hydrocracking reactor 420. Hydrocracking reactor 420 includes
one or more catalyst beds that contain hydrocracking catalyst. Feedstock 410
is exposed to the catalyst beds under hydrocracking conditions to produce a-

partially hydrocracked feedstock.

[0063] The partially hydrocracked feedstock is passed first reaction zone
442 of second hydrocracking reactor 440. The partially hydrocracked
feedstock is further exposed to hydrocracking catalyst under hydrocracking
conditions in first reaction zone 442. The product exiting from first reaction
zone 442 is combined with a biocomponent feedstock in mixing zone 444. The
combined feedstock then passes into second reaction zone 446, where it is
exposed to a hydrocracking catalyst under hydrocracking conditions. The
resulting product exiting from second reaction zone 446 can then be passed to
suitable further processing zones such as a fractionator 360 as shown in Figure

3.



9. The nethod of claim1l1l, wherein at |east 95 w % of the oxygen is renoved
fromthe conbi ned feedstock. 10. The nmethod of claim 1, wherein at

| east 98 wt % of the oxygen is renoved fromthe conbi ned feedstock.

11. The method of claim 1, wherein the oxygen content of the diesel boiling
range product is 0.1 wt% or |ess. 12. The method of claiml,

wherei n the oxygen content of the di es®l - boi | i ng range product is 0.01 wt%
or less. cLAIMS: 13. The nmethod of claim11, wherein the first effective
hydrotreating conditions include an LHSV of 0.25- 1.5, 250- 1000 psig total
pressure, 150 - 800 psig hydrogen partial pressure, a treat gas rate of

ohout 00 - 1500, 55T b or a8lor Y N EORRSIL BB S 025)
first effective hydrhydretegating a mineral hydrocarbon feedstock having an initial
boiling point of about 300°F or greater and an initial sulfur level of at least about
50 ppm by weight in a first reaction zone under effective hydrotreating conditions
to produce a treated mineral hydrocarbon feedstock having a sulfur content
greater than about 10 ppm but less than about 50 ppm by weight;
mixing the treated mineral hydrocarbon feedstock with a
biocomponent feedstock to produce a combined feedstock, the biocomponent
feedstock comprising up to about 20% by weight of the combined feedstock; and
hydrotreating the combined feedstock in a second reaction zone
under effective hydrotreating conditions to produce a diesel boiling range product
having a sulfur content of about 10 ppm by weight or less, wherein the diesel

boiling range product is stripped to remove gas phase impurities.

2. The method of claim 1, wherein the biocomponent feedstock

comprises palm oil.

3. The method of claim 1, wherein the mineral hydrocarbon feedstock
has T95 boiling point of 775°F or less.

4. The method of claim 1, wherein the mineral hydrocarbon feedstock

is an atmospheric gas oil, a vacuum gas oil, or a light cycle oil.

5. The method of claim 1, wherein the biocomponent feedstock

comprises a biocomponent portion and a mineral hydrocarbon diluent.

6. The method of claim 1, wherein the mineral hydrocarbon feedstock
has a T5 boiling point of at least 300°F.

7. The method of claim 1, further comprising hydroisomerizing the

diesel boiling range product.



conditions conprise effective hydrocracking conditions. 15. The

met hod of claim 1, wherein the first effective hydrotreating conditions
conprise effective catalytic feed hydrotreatnent conditions. 16.
The met hod of claim 1, wherein the second effective hydotreating conditions
i nclude an LHSV of 0.5 - 1.5, 250 - 1000 psig total pressure, 150 - 800
psig hydrogen partial pressure, and tb%%ératures of 550 - 750F. 17.
The nethod of claim1, wherein the second effective hydrotreating
conditions conprise effective catalytic feed hydrotreatnent conditions. -
23 - 18. The nethod ofhemgthndiof glaier éi whetein the firgt resstior gonefndisecander al

hydr ocar ba, LeedsdCkel dntifet With Y sifgIE 3 £tor.

9. The method of claim 1, wherein at least 95 wt% of the oxygen is

removed from the combined feedstock.

10.  The method of claim 1, wherein at least 98 wt% of the oxygen is

removed from the combined feedstock.

11.  The method of claim 1, wherein the oxygen content of the diesel

boiling range product is 0.1 wt% or less.

12. The method of claim 1, wherein the oxygen content of the diesel

boiling range product is 0.01 wt% or less.

13.  The method of claim 1, wherein the first effective hydrotreating
conditions include an LHSV of 0.25 — 1.5, 250 — 1000 psig total pressure, 150 —
800 psig hydrogen partial pressure, a treat gas rate of about 500 — 1500 scf/b of
at least 80% hydrogen (remainder inert gas), and temperatures of 550 - 750°F.

14. The method of claim 1, wherein the first effective hydrotreating

conditions comprise effective hydrocracking conditions.

15.  The method of claim 1, wherein the first effective hydrotreating

conditions comprise effective catalytic feed hydrotreatment conditions.

16. The method of claim 1, wherein the second effective hydotreating
conditions include an LHSV of 0.5 — 1.5, 250 — 1000 psig total pressure, 150 —
800 psig hydrogen patrtial pressure, and temperatures of 550 - 750°F.

17.  The method of claim 1, wherein the second effective hydrotreating

conditions comprise effective catalytic feed hydrotreatment conditions.
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18. The method of claim 1, wherein the sulfur content of the mineral
hydrocarbon feedstock is 0.25 wt% or greater.



