- 1 - STAGED CO PROCESSI NG OF Bl OFEEDS FOR MANUFACTURE OF DI ESEL RANGE
HYDROCARBONS FI ELD OF THE | NVENTI ON [ 0001] Thi s i nvention provides a
process for the manufacture of diesel range hydrocarbons that are low in
sul fur and that include up to 20% by weijght of a bioconponent feedstock.
Particularly the invention relates to a staged cohydrotreati ng process for

t he manuf acture of diiesel range h drocar bons from at | east_one_ hi oconponent
feedst ock and LAGBRICORIROEESIING QI RIS hEOF HIRACERREOR ND OF THE
| NVENTI ON [ 0002] Envi ronn‘ent[giIEShElja} A

y)§ regul ations and
incentives, and an increasing WOTI dW U Oent energy are resulting in
i ncreased int ergy sources, such as hydrocarbon fuels
derived fronlﬁ?ii%gkca. lawrﬁlﬁgﬁrals In the manufacture of diesel fuels,
one area of interest has been production of suitable diesel fuel via
processi ng of [W@Eet ablais givegtiam proyidesalprocessior g mawHaeire afdigsey ceri des of
fatty acids. ed

hydr ocar bon ch éequls‘y d%g&&%% tﬁaqg}etafo%%%car%)dd}ﬁ mﬁl@? pﬁgc% i%{’@?’% etd

t oget her by aafaelﬁbmm;imekﬂﬁaétmoc%heﬁartidummheinvlaaﬁ&bmimes tS) arsﬁgmed- t he
remai ni ng Iiggg hydrocarbon chai ns correspaond chenlcg dr ocar bons
typical ly pre¥erTeaHngPracess foy thegnanufasiiyre ot fisselirgngs hy echrisgs $0m Go0310ne
conventi onal 1@&?6&@1&&&&?0&9{‘&%&%{}9@?{9fPéa@P &ﬁlde?al%dn%&%nf atty acid
derivatives into liquid Tuels in the diesel l'ing range is by a
transest eri f ifeedstagk. reacti on with an al cohol |n the presence of a catal yst,
such as sodi um hydroxi de. The obtained product is a fatty acid al kyl ester,

and typi cal | \BAGKGRGUNY @E THERIVENTEONST (FAME). Wiile fatty acid al kyl
esters have nmany desirable qualities, such as high cetane, there are issues

f‘; ; ?g:aﬂ ;‘dha Jb&bzt] hei I piSiPorthdntf ihtredS, fivRbEhedtiiGtSulafidisidnddfdcdidbky! esters

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
feedstocks is anOtEﬁﬁ approach for conversion of biologically derived
feeds to hydr BROACBEHIAW glapgEics dug frea hﬁrg%wplgbbn’qr?wgeaﬂf@g?lg#m@l%t hod

remves undeshy@bl ey deidhally h00AAKAGT 8L B LA v QAaaIdAXY| atl on

reactions, and saturates the unsaturate S present in

f eed nol ecul esabiliydeltheddr ylgeprasdnoe ofiextiéranoibtich amdemsathoked @trboncarkact i ons
are in many \gg%zi simlar to other fornms of hydrotreating currently used in
refining of Pal hydrocarbon feedstocks, and therefore can potentially
be practiced using existing infrastructure. However, hydrodeoxygenation
reacti ons arel0f04hl y Exdroeration of stgatableoilvortrstherdaey a¢ifl derivaiivesRyand al so
require relatjy . ogen, . The at generated by
t he hydr odeoxéf ﬁaﬁslg%%gﬁtehac :ég&r%%é%%g%&ejs?f c\%\ngﬁaqoﬂleerﬁﬁ érﬁga‘e@)zl s of required
hydr ogen can doaaetsion ofi bibdsdicAl derived feede achyRocarbompléquad Linake dies¢low hydr ogen

availability i nl_t he feed .stream duri ng hydroprocessing. These undesirable
condi tions caWilingdansso Thiz methodgemsy eaindssirable omygsALEd si de reacti on

pr oduct s_and ialddiglen SRl roddBAIBRA AkicH MEc ARG W a8 _cr acki ng,

pol yneri zati on, ketonization, “cylization and aromati zation decrease the
yi el d and t hemnbapratddoiagionpraplpar bangs podsent idifesslgholeewles.i on. Additional |y,

unsaturated f and free fatty, acids in trijglyceridic biologically
o ved of | s Mgy SaBRTacsh B e BV orm bRt Pshlith RGO e AL R Wy
conpounds t haimiddreo biier dRfis bRk @roktBattngddefeatly ib&l in rdheibgioPhenerthhere is a
need for an inproved process for refinery h%/drotreat ment of _hydrocarbon .

streans that WyfEcaden feadstorisy ppd thejeiprs cap patentialds bopracticadings veget abl e
oil's and/or ayj ik 0@%},@,;’ I ' | ch to
produci ng a ggég%’lffue?ucit%%l u mg%%?@%éﬁ?gﬁﬁpﬁﬁgﬁt% a¥%§ é ock isto
separ at el y presdbesnibotlative to-hy8rodesulfunizatdn ybalscrmqbive rélatiddy boge and t he

bi ol ogi cal |y derived. f eedst ack. The ,processed, f eedst qcks can then be

bl ndad o oS CEnEBedaft utds Ratsreinr b B AR ERM0RS g al | ows
preferred C0m&btibmét&nﬁiﬂe@ﬁ/itﬁ&h@ﬁ%ﬂde\fewoﬁ@@ﬁlrédﬂ@@%g'&"’cahméiid\/tbdua| ly, this
strategy requires significant additional equipnment footprint in a refinery,

as dedi cat edUpfestaly highreagionrtempergtiresser lpwrhydeasniavaiiphiieus therfead, thi s
solution is g@lanf GYHAR EofrbOBsfRieC ThkseShRABAPRIN onditions 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 less of sulfyr. [0007] EP 1693432 describes a
process for production of a diesel fuel that includes hydr otreat ment of a
feedstock containing from1l - 75%of a vegetable oil, with the bal ance of

t he feedstoc kmmﬂ@yarqwrﬁenéwdﬁs@ak@@@rlwdholpg@ally doiwvedifsqdstockedBe ock of
veget abl e and ﬂ&&@{@%ee&t& s%aﬁﬁlef}tb%% é@@&' td phce{ z?&‘e%‘ire&?ﬁfe Qtﬁélot reat ment

st age. Sulfur l'eve he “Pes I'n Iese are no i'sclosed in EP
1693432. [ 0009/hiS sé29i6 procdssiigy alhees ;&e&md essdifiars thpdrselectedformgckar i ous

types of oils.of bialogical origin for use as djesel fuel extenders. The
hydr ot r eat ed @F‘ﬁ%"%‘@‘?‘g‘rﬁj@ﬁilﬁ'éb‘égé{?@&y a%rlra% sgmiicafaddiionel SRRy ed f or

m xing with afo@%ﬁcﬁﬂxtd @ﬂﬂérydhﬁé&imafté@ﬁmcés%@%%% rﬂeaf}&&ﬁﬁ)r@@ﬁprl bes a

process for producing di esél range drocarbons frombio oils and fats. The

f eedst ock f orfepdsbaskssiThes, ihi&SQld@@l&Ii@ifavordbld)ﬁom@tcoahﬁa@mmtut| ng agent.
The diluting agent can be a traditional hydrocarbon stream The conbi ned

bio oil or faooesid disepaiatgdy aggilhtore ed@irombnts Soither tpacdedtherbeelafr eact or
at two different |location. The first bio oil or fat and.diluting agent

st ream ent er SUtHethabis perpittad iy diepe] dugls. by orderdermesh wosdwidgrepwatd® second

stream al so ' t he
r eact or doms@ggﬁgmrg%s%gr%egg 4 rﬂ{eag%%l?‘ggmgé ?ﬁétm mw%%vﬁl@m%zol 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,

[6008] 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 30 ppmby weight in a first reaction
zone under effective hydrotreating conditions to produce a treated m neral
hydr ocar bon feedstock having a sul fur_ content greater than about 10 ppm but
| ess than aboR¥YMMARNOKIHE: NHEN t r eat ed ni ner al hydr ocar bon feedst ock
is mxed with a bi oconponent feedstock to produce a conbi ned feedstock, the
bi oconponent [8&dst ockn anoampbodimant, & metimdab pravidtddobyrodesiggta low suker conbi ned
feedstock. Th nbi ned feeds K 's t he rotreated.in a second reaction
zone under élgsce?m})é]u tygf}’gtr?%tg?‘?ﬁ'ﬁ "(518?1&' (Prpg%agmg@ rBF‘SH\i@éd%?%ﬁ%@ém boi | i ng
range pr OdUtheB@s‘((bdkgxaal tahfnﬁrtlac@ahﬁggioﬁf oPdut 3B FRR Erdiyervad @htinifial | ess.

BRI EF DESCRI PTI ON OF THE FI GURES 1]Fig. 1 schematically shows a
reaction syst%‘#ﬁlfwebéfraﬂﬁﬁﬁﬁab@uw Pméys}v@aglﬁoﬂélfﬁﬁft:@tlaﬁZémb’éﬁeﬁrent of the
i nvention. r

per for i ng o Arohs BB BhiGBh: 6 RIS A RRhinghl R SHERLY

[0013] Fi g. 3 feedservhithaciaklayuifnovantent peetdritan abosat wrpjbmrbupmsi tramiabguta pr ocess
according to odi prent _of the, inve t|on 4 4 sche tically
shows a reactq%dﬁ"% X &t o]rg‘f)gF?tS‘fl m‘%aéyﬂfﬁé@%ﬁé‘gﬁgllﬁﬁ“’f@ Wi énbodl ment

of the i nventyi@dmponent 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 conbi nation of properties issachieved by several - 5 -
differing enbodi nents, with each enbodi nent having its omn advant ages for
achi eving the §§3|red goals. [0016] 1 n one enbodi nent, goal s_of the
Cnvent i on ar cI4ERNE FBHOY {pents; Hgfhiegch pEbPdimeBHRR gD rm f‘ NAnRgRR Fof |
hydrocarbon f egastack ea&@ﬂhggagloconponent feedstock into a single reactor
having nultiple reaction zones. In such an enbodi ment, the first reaction

zone i s opera unde dr quu i zat candi ti ons t ce the sul fur
| evel of the {Oﬁgg\]t fﬂ‘ﬂ’\é Q?WHFIBC #SPEBHS‘PY) Op 3 S g Yppm or | ess.
Preferably, th@gxﬁgxtﬁeuﬁtr@@aah@ﬂbfm‘e ntulﬂeral heabesdber redabckytdrear bon feedst ock
is greater thlgn 10 ppmtaﬁlg%qﬁv\&gch(g équ{%;lf eraggl}él,g thg@}géﬁrog%g content of the
treat ed m ner ¥PCHYRANGE BPst BRK/CreACHIr JgVing er oBEeEBNponent
foodstock 1S hGm AfdRdedifchid fiSAlaticH AL ofefRRSLARK, and the conbi ned

feedstock is exposed to a drotreatin e second reaction zone.
Preferably, tﬂ}elrdﬂeadﬁmnantorfm@sttowédmammtfpf lesel afpphd neaze&/mﬁx)era\tel ght of

the total t of the i ned f dst oc od| rovi des the
advant age th&g'gfﬂc Ebé’lnq?‘if’gpngé‘ﬁfﬂé?‘ﬁ @pgbor B?ﬁ ﬂ;@i%ggtmeoﬁu Rt sul fur
can be manuf mw@&tmmra%ryafaahrb%atf@écm@Ekisegr@ﬂeé aay mnpbmw wh@wt.ng to
resort to increased pressureS and/or excess en consunption. [0017]1n

still anot herPrefgmbi, mltrogwcgmtgfﬁfettda@dlmmem bdroaarbora&wgoelars by
staging the Ll asieh O BlocbhBo N SLAk DY REFLERN SO, BLRGOMRRRAT

f eedstocks in a’reacti on s 7S e reactors |nc ude a
hydr ot r eat nerftedstoakeandltie Sotﬁlbhnadil fc&ﬂbtedt ni&ﬂposeﬁhe amlyaﬁm&htulig/stﬁgmmr bon

f eedstock is 'ntrg%gced into a first reactor, % s of reactors, that
i nclude at | d3&tee reﬁ?&%“cﬁqnéapﬁ%fﬁ'ia W gﬁ’é"oeﬂ‘i‘é’%ﬁ’ét edstRpkeaRy dr ot r eat ment
stages in theeohbfisd uf RARLALY Wei 8fal WefsH: BF fhe c%%?rfe% R sl fur

content of the m neral hydrocar on eedstock” to about 50 ppm by wei ght or
| ess. Prefer é’ﬂil%ﬁmbddgnsrulpmmdwht: edvantdgettha ctlfrsehfueucqntammgl 10rppae b ar bon

f eedst ock P th t of th
L rear eani nor RSl ORDuN® PR pBhRERLRY Yiod SFuBLARSTD-CRULERS o ners
hydr ocar bon fu&ﬂadﬁttmkngna réJORItoGRErDAsRE rovbiirds Bid/b0ex2090 i3drogenght (rel ative

to the total weight, of the
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



- 6 - conbined streans) of bioconmponent feedstock. The conbi ned feedstocks
are passed into at | east one additional reactor that includes a
hydr ot reat ment stage. The conbi ned feedstocks are exposed to hydrotreating
conditions for reducing the sulfur contgnt to |l ess than 10 ppm by wei ght
and for deoxygenating the bioconponent portion of the conbined feedstocks.

Thi s enbodi nent proyides the advantage_that digesel fuyel, containing 10 ppm
by wei ght or F%@“d“&‘@f“ﬁh?? igromeoneahfpeditedk: eﬁ’eﬁé’ﬂ?@" FASACKE F v st

technol 0gy wi QU inbAHIR: 1% dRMAal FobP HREARRACPS RFGUEEANRALLSE, excess

hydr ogen consunption. This enbodi nent al so provides the advantage that a

br oader rangeTlef canebipedt &edetecksrace prpessltodydonitating eenditéonsifer edheinged f or
each hydrotreat t st ecause. each,sta i S 0 separ.at e .reactor,

whi oh tan assrgeugnnfaf e g iy | CPeRLy e g St RaREeRG R e
deoxygenat i onbieforhptheht AP ONBRICOMBaRT tesdstock OLES kmbbliendik povideson bel ow,
a bi oconponent feedstock refers to a hydrocarbon feedstock derived froma

bi ol ogi cal r afiie adantags|that digselfagk consaieing 49 ppayfet weight o lessopf syHpnean fat . The
e ; . c . .
veget abl e ol lfer?%gxmﬁfgﬁluﬁlfrlgtcﬁn%%ta%@hégﬁ?c?\égfvﬁtﬂ?ﬁﬂﬁwﬂ{ég@?ggﬁgﬂt vention

i ncl ude any o se whic onprise riglyceri ree fatty
aci ds (FFA). imtreadedipgdsyures anter envessiHylsogearbasumpdionp dis embgdimentar bon

chains in their structure having, 8 - 24 carbons. Ex | es, of bi oconponent
f oedst ocks. | UGV HER s AEVANRES i 4 EA4S5 R ON L BRI A SO PSS oy O | ')
castor oil, aRddipidhitAi te sclRRUIbAcABM AR SREDBECAUSEEhREseief ers to a
hydr ocar bon feedstock derived fromcrude oil that has optionally been

subj ect ed t o ibASeRATatgBRastaseyhichichp Assish dyidrmeintadting a desirsdgepperaasges.
Preferably, tdﬁgaggtgﬁ}%le?ﬁ%grom QBQO'%@@%EE %ﬁﬁﬁb&a petrol eum f eedst ock

boiling in the at e range or a ch a 'feedstock typically has a
boi ling rang rom ahout 150C to, apout 450C, preferably from about 175C to
about 400C. 719‘_5‘@3 nat | 92‘?@&8%@%@@%a&wcegwoasmcfﬁ%fﬁ&#éﬁe?e@% n terns of
the boiling m?gx%t:%béﬁ AL Bk V&l elBorh hakblbgieal @l hieriieemsioekt, Yidn boi |

at. For exanp the T5 boiling point refers to the tenperature at which 5
percent of t & végetabde oidkr eiinlal ki [The wegdtable pids arobariwial fairthpiotantber ef ers to

the tenperat W& i?itthé/\ﬂiegé}xt ?ﬁr)vegﬁ(r)r(): ?n%ﬁu(f%fangf %‘13’ tﬁo%'@ %&&C&ﬂ%rksle pri'maZil)-/
triglycerides and free fatty acids (FFA). The triglycerides and FFAs contain
aliphatic hydrocarbon chains in their structure having 8 — 24 carbons.
Examples of biocomponent feedstocks include but are not limited to canola oil,

corn oil, soy oils, castor oil, and palm oil.

[0019] A mineral hydrocarbon feedstock refers to a hydrocarbon feedstock
derived from crude oil that has optionally been subjected to one or more
separation 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 %0 wppm 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% sul fur, or greater than out .1 w%sulfur, or greater than
about 2 wt % s%l #ui“ %&%‘Pd?*aerbtr g’@&%qsﬁljggé%_%Fréibﬁﬁ":gd’ofﬁé’fiahlﬁéﬁtalbﬁﬂt_. Exanpl es
of suitable fegpst ofkSothBCmislRMERDINR fl&idck hal £395 BYIR HoRRLEdbir 91 N

distillates, light gas oils, heavy gas oils, light catalfytic cycle oils,
| i ght cycl e of155F camess\eigrablyy 425 di drdess| 00201 G pnbsimentagho feddstock mponent

feedstock wt .convent j,ona istillate.or other mneral hydrocarbon
feadst ook s SnRBERYER baRAbal Sierd ot oreRer R aba g LEEE e g

exi sting refigdfiy, ®GuéapsrRRdrBaboiPVRE 6Nt Qilfe Tpearaithieadst 06ks% such as
vegetable oils and animal fats, typically contain triglycerides and fatty

aci ds. Addi t i BHUBfor greaEss thamatiout { Medstubiuk.or igrater dianabont dialo sl | | ates

i nhi bits cat [ J1 | j : ' : [eQf o i ng
catal ysts (e?lgy&égﬁ/g% gsﬁsg%garscltd é‘ghﬁ%ﬁgfl%%ﬁ%Q&W&{%ﬁ& el ﬁgmgof%ﬁia{%%é any
parti cul ar t hednge virginidsstblateschahtotréan¢d tivgin lxcitloates, liphnpas dilst Redve t he
catalytic inhibitiqn. First., the lar triglyceride and fatty acid

nol ecul es in 35’1’5888;1%58‘?{?13'?88?5‘2[?88%%%&?3’%%?%%9{‘% VWP g8<B1b on and bl ock
active sites of hydrotreating catalysts. This conpetitive adsorption
reduces the d0930le si¢eprovpsiingef kiogampangdt adsedks with 2 gpnomtiopal a resul t,
CO- processi ng;; i . t j: i of

el odesut  ur St AR ARl hEGUEBG: FoeBhe ol 1B BB R st et tor,
co- pr ocessi ngnafufaviture béikenkywdbleahiedebusifig existirpcle finedyleqaipnepneonponent

feedstock can,result .in an increase_.in the sulf concentration of the
treated feed Wfr’g’é"c@m&?@&{a?‘g@cﬁ% sy¥Eh F%Yegéfﬁ‘:f?ke‘?ifsraé‘@iaﬁﬁn?le@ﬁi ting from

treat ment of tgkallyldoftai &?grlﬁéeriiaw&Qpﬁ&?%@id&.ﬁ%ﬁhfb%lf_bmmnem

hydr odeoxygenat i on of bi oconponent feedstocks is believed'to produce
i ncreased | efeadstogks gt ¢anivantienal distiHgtds mpitisestalytiy hydredesulfienizationydr ocar bon

feedstock. The i s_of od durin - -

nyar odeoxy gentyBan AR BB Sl ae SWoBRg o atumipeli 1y of

hydr odesul f uWirlatut being dbahd/by any bali2diat thearty, Rribbelicved that the fichdis bi ti on of
catal ytic hydrodgsul fyrization _1s.overcone by partially hydrodesul furizing

a mneral feEoUEBYER DHesatalgiciohition ¢ irsdhaidies Wiglycsads ape kattiacid ¢ he

bi ocomponent f&edfk oS Kiocdi it Pe QISR ' bAhL0L 4 f

catal ytic hydropdesul fErroicza ?%er{i ' :i}es m nll(s‘renﬁ{gggbrggaitﬁeis}{]gﬁk}g?g??%daﬂ%ﬁg a

m neral hydr egbrelsdes diduusotomiting catalysts. A utdmipetitivadsurpadn sdoots t® ppm by
wei ght or le cqnmbi ni.ng the treated feedstqgck wi th a bi oconmponent

Foedst ook, e RER hHIRRe FaEp ARl & 1ftE BaRb B bauce

di esel fuel Wbiotémpshappoclytovial sPbws e KigRs of hpdtbdasulfuriZdtonh e s r eat nent  of
t he conbi ned feedstocks also results in deoxygenation and saturation of

doubl e bondsChafgt Hekipetifsdnpeirompepstted &, erpiosesstgRfimeara eedst ocks.
Addi ti onal | yhy&@&rﬁdﬁé@ﬁstémitﬂﬁ%%l &Eﬂ%é@%&%ﬁ?ﬁ}g ih %ﬁ%&&@%%s wi |

have an inproved cetane nu rre e to a diese produced from only
the mineral inyhe sudfirlsoncengretisn of the tikhied feadshek| esvadapgacede tHeisulfwr t he | i near

paraffi s LNl 8 S s fihe' 00T 6l B STRANE Mind SR Sl S 10

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



[ 002211 n an enbodi nent, the bioconponent portion of the feedstock is
substantially deoxygenated. This corresponds to renoving at |east 90% or
at |east 95% or at |least 98% or at |east 99% of the oxygen present in the
conbi ned m neral and bi oconponent feedsigack. Alternatively, substantially
deoxygenating the feedstock can correspond to reduci ng the oxygenate | evel

of the total feedstock tg 0.1 %or less, or 0.05 wt%.or less, or 0.01 w%
or less, or Oh)ﬁig%(fe\ﬁi‘%‘i?f‘t‘?‘ég@.aws[(’df?g‘g eﬁ/@‘?@’g’égaté yt‘Fé@HV‘Eon/flered by the
current i nvenkydesdednBuridafieh dhtaflkgt i | 1 at es and bio-feeds (feeds of
bio-origin). I'n terms of overall liquid volume, the portion of bioconponent

feed is from %to Hh0% of, total feed.vol u f er abl 1%t o 20% of
total feed volfag%rg? Al nearnnea{?tf(\?érpff}t’ {hﬁé'%ﬁﬁé@f)f’g’ﬁ b%ﬁ@f’ﬁ'@@%&’i@%‘fﬂ?&o@d can be
expressed as iaowatght bppagRMYy agerodesulARizing OminetdII@dksieR briof fde porti on of

bi oconponent feed is fromO0.1%to 50% by weight of the total feed weight,
preferably 0.°PIIRNY Hw mmeral feadsiogk Withdhe Weremponent Eredstagl.y Thyspin he

mbodi t j : . : ; j t ed
embodi ment s dggferdnfidihél Q{HS l%mglt{oﬂ%gtc%ﬁ'ﬂ@@lgfi{oggﬁgﬁl?ﬁaﬁ&pﬁs are operat e

in a co-current manner. Staged I ntroducti'on edstocks 1n a nmulti-bed
hydr ot r eat merminireized by fir9@2diotreatingea bhdraiydgoogrimnfeafsteektiotiavent s, a

m neral hydrocarbon feedsto and a bi.oconponent f.eedstock are introduced
into separat éu&@a%otnltedﬁ Ogﬁs)t??é’g 581"135‘ l?ye‘_ﬁf‘:‘_!ggtr ‘.gmﬁ‘?se?%lélﬁfrﬁg, &‘? H&at ner al
hydrocar bon freeegicR&thl Sbidcsthpsint Reidtbdld ahd 28 HyBRARhGEKthe Lifbieder al

hydrocar bon feedstock is introduced into a first reaction zone that
i ncl udes one feadstesketogueduop ardieselifrel with 1Omprabn weighy or lssy ebsubdnt cat al yst .

The hydrocar @gg&%ﬂ%%&l&!ﬁt bfthg)ée&% dthecﬁ?o%p? %l% ﬂi%séﬁ% inbcg“et xVBidafoRe N9

exposed to hydrodesulturization condrtrons. I'r actron zone,
t he sul fur | eudbatodatibhef doubds Bond3)inl tledsodumipdnesdsirdoi of thercedibixed t 0 about

50 m by weight or | " 025] The catalyst in the first reaction zone can
be gp e onz ent if%::aétpcks. &fcﬁtlorla?l ) 3116 drlleselC gefipl%gucedr}'rom the combmec?
feedstocks will have an improved cetane number relative to a diesel fuel
]
produced from only the mineral hydrocarbon feedstock. This is believed to be
due to the linear paraffins that are derived from the biocomponent feedstock

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



hydrotreati ng catal yst, such as a catal yst conposed of a G oup VIB netal
and/or a Goup VIIl netal on a support. Suitable nmetals include cobalt,
ni ckel , nmol ybdenum tungsten, and conbi nati ons thereof. Suitable supports
include silica, silica-alum na, alum nag.and titania. Unsupported (bulk

nmetal ) catal ysts conposed of G oup VIB and/or Group VIIl metals can al so be
used in the first .reaction zone 0026]The t|o ¢ond ns I, thefirst
reaction zonee"&%‘ﬁh’ﬁﬁnc&‘ﬁd’oftf% é MPORFRY f" Blln})t #fi/g’ﬁl“f tcont ent

of the feedstgmpmdig f@ézpw&éﬁopfb%lla mm%éo%rofltﬁét%taﬁeédheel gedstreamis
exposed to the catalyst beds In the'reaction zone. The reaction conditions

can incl ude oPrggrabngn thembazifipents dowaibpd bgJowpthgiressiars end esacti®d - 800 psi g
hydr ogen part L treat s rate of about 500 - 1500 scf/b of at
| east 80% hy roggse% %ﬁgﬁgﬁﬁnﬁgr O’Cﬁlérref‘%gm) ™ and tenperatures of 550 - 750F.

- 10 - 100271After, hydrotreatnment, the out put stream (treated m neral

hydr ocar bon fésd FQquetipn i {9e@stocksdn aaHINCA AYIONEatMENbERACION t 0 a mi xi ng
zone where it is mxed with a bi oconponent feedstock Preferably, the

bi oconponent [P824]st odk thefallowingigep of ambodihents anngeraldmlrwaﬂbmut prior
hydrotreatin The, bi oc onent feedst k IS, m xe the t ated m ner al
hydr ocar bon %S%ddg{cg f’% PB’QHB%“@%% {6 A nf‘@‘é‘ﬂ?ﬁé@? sew'ﬁed t he

bi oconponent z%ﬁ&d&ta(}@lfct@xaf]’r%rdbﬂ‘} rtﬂ@'ﬂ%@aumg)cwwnrfbeasfaﬁkz@mleaél a desi red
tenperature by pre-heating the bio coggonent f eedst ock. I n anot her

enbodi ment , doHp@ravgeeedstacki dihggn hxrbogﬁborcﬁmdﬁp@@sb@twdw@uu@ed into

]Ehe m xi ng Z%r}ﬁft e28781bh eﬁlgtﬂll ut‘?i 08hd ¥ﬁn8 1Y% BEds thgtecol?)'teﬁl?gnponem
eedstock can also I nclude a I'on 0CO ent rocar bon

f eedst ock (Sthgdroasatarmt d:aealysn I‘Téneaiydmcdnbmdedmwckésad@bmeo eablm such an

enbodi nent, the tot fur content of t pcqnponent, an .

non- bi oconpoﬁ@ﬁ{ys?lée@dglﬁ‘gc%“?%e’fw WJ{}'&ﬁOC{]eﬁ%}?'-quﬁ}gnggmfP ﬂ@é‘b‘ét ock
l'eaving the irstirdl@tidRBSheMHe! sulfdY Rval Sttthd Hﬁn&&ﬁy@%ca@&n@@@d’sfto&% ppm by
weight or less. Note that in enbodi nents where the bi oconponent feedstock
is diluted wrediced locponi Ybppmbnievaightoedessock, the goal is still to produce
a conbi ned feedstock | eaving the m xing zone having a bi oconponent portion
of 20% by weil@26] or [Tés satallBLis, the first hexchibeorgrandieata Jopeesionak i ncl udes 33%

by wei ght of a non- pi oconponent portion, then up . to 30% wei ght of the
stream cont af rﬁﬁeattwgoﬁfa&é&rﬂﬂﬁth%%? C‘ﬁﬁlﬁ’?ﬁ‘i?ﬁ‘ﬁf’é?frﬂf%ér Ib)gm?athe treated

m neral hydr geaso8fupedst Retkl bR atshﬁp(m XSLHﬂibFeQH@talsth%@el dbgaicarRened
feedstock fromthe m xing zone is then passed Iinto a
molybdenum, tungsten, and combmatxons thereof. Suitable supports include

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.



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 catalyst in the second hydrotreating
zone under hydrodeoxygenation and hydroggsul furization conditions. This
causes deoxygenation, desul furization, and olefin saturation in the

conbi ned feed k. The output stream fromthe second hydrotreating zone is
a di esel fueﬁﬁlgﬁth aﬁ%FdeQ%?Pt‘@@?ta QRS reaty r‘I‘j"(‘teéidp%ﬁﬁF‘ﬁcontent of 10

ppm by wei ghtpRfodafisoh febddebiR) Foth @t ¥edctibh 2bMeis $a6eA % h BAkinkoBngoNe can
be a catal yst ‘conposed of a G oup VIB netal and/or a Goup VII'I netal on a

support. Sui twhgre ittemixesd witk b biecooplonent feadstoklsl Prafereblyddsum tungsten and
combi nat | ons R 50hen WLLARNE, SHRRREL Nk WA b EBaasid i ol umi .

alumna, titanra, er suppor met al )

cat al ysts conpdssttatihg. GTRebioVbidparaht fedStocki3 nvikkd withttht gestadimaheaal be used
in the second reaction zone, [0031] The reaction condi ti.oqrqé i{}‘the second
reacti on zondWdramhon feedstackite Reodute @ spmbined feqdstagk Rgtiorallysther ur cont ent

of the feedstyigaifeatioliuck ARB MRt PhefRMmeddnt P hagdat ream i s

exposed to the catalyst in the reaction zone. e reaction conditions
can incl ude Qefperatlir&by piSvheadibg the bid@opgrengfetditadk. dnessthee, 150 - 800 psig

hydrogen partial pressure, and t erat yres of 550 - 750F. .

[0032] Opt | ondPipdlineil Lhidseet-coneiiigg Makisein s & 20 PRAENCs! HiRnch
mechani sm  Whg¢ @idng bstied is introduced into the reaction zone to control
reaction tenperature. This quench nechanismassists in maintaining a

desi red te”pgﬁé‘fﬂr e i aﬁ%t&%aﬁ?e %Jﬂgo@ﬁx%ht bR §i8Ssm RN f%e&ﬁ?clfﬁgta?s%r m ¢

nature of hydrodeoxygenation o I'oconponent portion o eedst ock.
The quench f lindlddecaportien af aake-bigzompdnag diydgesrten fealsiockifsuch@st gas stream

UGN T WA TR TN TN T A
optional 'y pasg&ctontent 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



to a separation zone for separation of a vapor phase streamand a liquid
phase product stream After such a separation, the |liquid phase product
stream can optionally be passed to a hydroi sonerization stage. The
hydr oi soneri zation stage can be used tojfurther inprove the cold-flow
properties of the |iquid phase product stream - 12 - [0034]1n the

opti onal hydrqi soperi zati on_ st age, t e |i qui hase p uct stre m from
t he second reg’é’fﬁlr‘rglag IMRIOYEE GSIRRE BB %@H%FB&V‘E ‘?DBHF%H%%‘ yo‘ﬁ?‘g tnal |y

present in a ggparate reactor, that are operated at hydroi sonerization
conditions in the pr esence of hydroi sonerization catal yst. Suitable

hydr oi soneri z | y ude c nve tional dr0| rization

catal ysts, @hkgg (L)I%l cgta rsig‘r%?ﬁ?ﬁﬁ’ﬂ “E?ﬁ 18 §%rfe°aflry?ﬁ gg}(ﬁgd with a noble
netal . [ 0035] &mn@ae@ab@dtmlmhﬁw ahd)er 4 GasipiVIIDafeal DﬁQd;uﬁport s

hydr oi sonmeri zed, the hydrogen treat ]?as used in the hydr0| soneri zation

reaction zoneSuifekie Betalsaaciudroepbiglicnickel, mplybdenug, tanestss a9d t he
hydr ot r eat ment, (EAGERE thek QF3QL 4 619 | CgtP[u%X&cfe c%ukl'h@%hﬁm{lﬁﬁ ahdthin¥ Ng out

t he above processes IS shown ¢ ure I'n ﬁlgure L, a
m ner al hydr otitatiboandf coedbiriabioks ﬂhl:f)eafs Unmhp’p@dﬂd ebillk ntetalpcdtalysts reacti on zone

120 of reactor 105. T oca n feedstock,is e ed to

hydr ot r eat i ngcoem?aﬂ?fgﬁ?igoupqﬁh ‘yrc{[g&l'}f’ R}jﬁ Q?fﬁlécilﬁﬁls?ﬁeflﬂ%&(%qﬁgence of one
or nore cat al ¢sdndrea&idndhe contai n hydrotreating catal yst. Preferably, this
reduces the sul fur content of the treated feedstock to about 50 ppm by

wei ght o | espoahe theated:fesdatank;l hots.ohltolibbit aane 130, where it

is conblned bi oconp shent. he "conbl ned feedst ock passes
into second r@ndiltlloﬁmsmtabl% ﬂ:ﬁﬁhduwhg tige dudfar contbtrddhd feedsteanktoiaboetxiosed t o

hydrotreating co d|t| n th esence, of one or, nore catalyst beds that
contai n hydr RPILEY PRt E%ﬁléﬁsy%sttﬁe %?ﬂ%“‘?aéh’ﬁ@égosleﬁé gl‘flclaﬁ’ﬁy%gﬁg%%t&‘%f t he
treated CO”b'r@fc‘E‘ioB%Hétﬂfé‘ﬁ%aétibna&%&xoﬂ@cmmew ghts msvesso - The

enbodi ment shown in Figure 1 includes optional stripper 150 for stripping

out a gas phadeo psigttof@hprmsuméﬁ)ﬁeﬁé)@@dlgdewd)aﬁ@éasqswﬁsandT he stripped
liquid phasetgroduct C "58?995@3 to a diesel fuel with a high cetane val ue

and | ow sul furm%erﬁ?léeﬁto

[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.



- 13 - Biofeed Co-Process Using Multiple Distillate Hydrotreating Reactors
[0037]In the follow ng group of enbodi nents, a m neral hydrocarbon

feedst ock and a bi oconponent feedstock are introduced into separate
hydrotreatment reactors. Preferably, thg mneral hydrocarbon feedstock is a
di esel boiling range feedstock. For convenience, this group of enbodi nents

w Il be descrj based on a reaction system containjng two hydrotreatnent
reactors, but (0858 o of sk ppforal iy BISQFETigRtion Siaggaihe YAy KRlesE ar_ﬁgfl%w
addi tional reqch@rdoh W debift RHABHisRixbH&H 18 bhObr Breédeadioh®ondd, Xi Ng of the
treated m neral hydrocarbon feedstock and the bi oconponent feedstock.

[ 0038] The mi nentighally presand frha seplasatel staoiok, that arqopasated ethydneisomerfization
hydr ot r eat ment__r,eact or,that incluydes.one or.nore catal yst, beds that contain
a hydr ot r eat n%oﬁlfiﬁg)g%gﬂl)g?mﬁcg ﬁlaﬁﬁodsé)f’b%ﬁa?%réﬁag?l&%kgpé%élQposed to each
catal yst bed mdrdisorh&@izago¥R9iysd ifdudeysbnOciatonhl hifdrgiséherizationdi tions. In
this first hydrotreatnent reactor, the sulfur |evel of the m_neral

hydr ocar bon f@&dstseweh as zealifgos gmosphoys gatalysts pimRTagpatad witha apble ess.

[ 0039] The catglyst in the first hydrotreatnment reactor can be a

conventional hydrotreating catalyst, such as a catal yst conposed of a G oup
VIB netal an P&{ a GrouE VLI, netal on,a. su rt. Suitable netals include

cobal t, nickdP%3 3ol ydaeRsmbodimgy mdire e At AiiesePio8Re ¥ her eof . Sui t abl e
supports i ncliydRisomdrizad, thé hy&a%éﬂ &4t Bas uRWUA Ry dkdiGRédratiBRd combi nati ons
t hereof. [0040] The reaction conditions in the first hydrotreatnent reactor
can be condi trpasHen gemasamiyeber epscaded hetknty the firss glage of hedydratregimente

f eedstream t‘?e%ﬁﬁ”" 50 ppm by weight or less as the feedstreamis exposed
to the catalys eds in the reactor. The reaction conditions can include

par ti al presdUl “a t ERpIQLE ST BIGPICL T HORSU D EbRETIBCSIedY | eact 80%

hydrogen (r e@mﬁﬂ%hehﬁﬁééllygﬁ@igur@ﬁd Th #REE Al é‘ﬁﬁ?erﬁfhya%afboﬁgfg&lstock
110 is introduced into a first reaction zone 120 of reactor 105. The mineral
hydrocarbon feedstock is exposed to hydrotreating conditions in first reaction
zone 120 in the presence of one or more catalyst beds that contain
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.



- 14 - [0041] After hydrotreatnment, the output stream (treated m neral

hydr ocar bon feedstock) fromthe first reactor can optionally pass through a
separator for renoval of gas phase products fromthe |iquid phase product
produced in the first hydrotreatnent reggtor, such as H2S or NH3. In such
an enbodi nrent, the hydrogen flow that passed through the first reactor is
al so separated. fromthe |iquid se pr.oduct his h ogen flow can
optionally beg%i?é%egc Q'Erofe.. ﬂ%n%gfﬁ%%é‘ﬂfﬁq@m&% source of
hydrogen for the first reactor. Alternatively, this hydrogen flow can
optional |y bel083ded tn thaéolkrdoggrdwpchf smbedinmmits, a meiaetabhydrpGobd] Af t er

passi ng t hrough fi,rst. hydrotreatment reactqr,. and an opt i onal
stripping vesggﬁlswct?(haél dtafbé%ﬁ%%poﬁﬁeﬂtetgﬁérs??ﬁﬁfc?{%E’grrog%%edflgg)cfg %8?? is mxed with a
bi oconmponent hydlestedattént réicedrer RRMfrably e biincanpaRedcirbdrerReddatkis has not been

previ ously hydrotreated. The bi oconponent feedstock is mxed with the
treated m nerdfsehheiting sangedeqdstogks Sexcanyeniersy s group Rbembadimeatist ock.

Optionally, tHg S%'d%ﬁ i _’B%E'é%&ﬁﬁije%%f?&%%%% P@ntﬁgﬁ%‘%@othgdf’otéﬁt%én‘?ﬁ .
tenperature by pre-heating the bioconponent feedstCock prior to mxing. In
anot her enbodiasers, bud thnsd b giail-io dret axd wilhgadiiyk endepstgrakhaandditisml be

i ntroduced with the bi.gconpopent feedstock. In.an t ernative enbodi nent,

t he bi oconporfg?ﬁtorf;gg‘ggt Sé’gB%‘{a]ﬂﬂ?fQHOﬂ‘?(ﬂr@ & e Pﬂ%‘ﬁ%@ﬁf%& MBA“@bi oconponent
hydrocar bon figagshek fEsddfldk afid ABiB&Impnesy REdsAxgr ocar bon feedstock). In
such an enbodi ment, the total sulfur content of the bio conponent and

nonbi oconpon eed . I feeedst ock | eavi ng
the m xi ng zgg(g’% | Sﬂ%\%&émﬁ%hﬁ&g?ﬁggﬁ eeetrcligl 8{:}% }Sggtéﬁmgﬂgg%fﬁgt wei ght or

| ess. [ 0043] Hyérotreatmene ceattoe deit dkudes ohdrenmpasceadystbeds thasemvaia a
hydrotreatnment .reactor. The second hydrotreaf nent reactor includes one or
more cat al ystYBRHEESEHE 8‘?t%iyﬁtgeé‘cﬂyéf%’?Fbé’ﬁth‘?f{jtog‘fgt‘%ﬁ’SPé’F‘?&ﬂ‘Féw}&onbi ned
feedstock conb@BkebddPhilyBHiRg ERRIsbd B IHRkSdekaifuriZatibh @os@a6Md 1RYEs Ot r eat ment
reactor under_hydrodeoxygenation and Hydrodesul furization conditions. This
causes deoxydestayitrcatgreny rdacior, thesuléur levehaf tieaninarat hydnogarbem in t he

conbi ned fee . T eam{rom cond hydr ot reat nent
reactor is aqée}d?t%k isrg?%cgglttg?%%lﬁ%@\jpgﬁqén&lel Iil?gr\/%gs'cet ane nunber and a

sul fur conte f 10_.ppm by weight or |ess. [0044] The catalyst in the
second hydro '5(@&1 rrentT?‘Fé’é'@ st mc"gﬁﬁlfr% hydrofreatpiept 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 §upp0rt. Suitable metals include
cobalt, nickel, 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.



conposed of a G oup VIB netal and/or a Goup VIII netal on a support.
Suitable netal s include nickel, nolybdenum tungsten, and conbi nati ons

t hereof. Suitable supports include silica, silica-alumna, alumna,
titania, and conbinations thereof. [004p] The reaction conditions in the
second hydrotreatnent reactor can be conditions suitable for reducing the

sul fur content gij the feedstreamto about 10 ppm by weight or |ess as the
f eedst r eam i sl08%HosedAftsr hyfkokeatmeyts theyquiput streany Bréafeddpingitl zone.  The

reaction Condﬂ)ldir%%(ﬁlaf@eés%g?'ﬂ%npthé first e tdr"c@}{oatrg(gﬁllz ﬁé%?tgrn%{%hgl tot al

pressure, 150°- 800 psig ogen partial press , ratures of 550
- 750F. [ 0046jeppaionier iesnovalhd gee pbasd phycdirctt frea thediduid plaast produan al so

i ncl ude a quench chani sm ere.a fluid is int uc into the reaction
Jone 1o cont rBPUIERdR 8 remsReuPen e Sisb HEREE R dhfudtit < F

mai ntai ni ng antiRginhes, thepaioath fiew at5Rkied thifoulh a8t reabeRaodue to the
exot herm ¢ nature of hydrodeoxygenati on of the bi oconponent portion of the

f eedst ock. THeP¥ated dront thgiliquidiphase produgik elhiphyfragengliew gasortignalimbean i nert
gas streams i tr 0 I Ui [ QU r ct
drream of 1 ocdr®® LinbkFHyaetd Aibela SERERL SHRD: Al bR T
addi tional flreat@f Altematizeh), tiekgdbgakflowcamoptionailpdtiaddedodo thevo or nore of
t he above types af quench fluids. [0047] The output fromthe second

hydr ot r eat neﬁ?cqx’gé’é’gﬂ?m@'é?me“ééeacfi’ﬁti onal |y passed to another separation zone
for separation of a vapor phase streamand a |iquid phase product stream
After such al8@2dr at i d#fier paseingithuough Prefirst rdoeitratmentreastarcand apt i onal |y be

R e bl
product str eavith a bioddmporleG0fBHtocK. NRrcfupablpnhe bivychposcomtsedziatk bas st age, the
'Tquid phase ngtr l?e%g%treviously hydrotreated. The biocomponent feedstock is mixed with

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



stream fromthe second reactor is exposed to one or nore reaction zones,
optionally present in a separate reactor, that are operated at

hydr oi soneri zation conditions in the presence of hydroisonerization
catal yst. Suitable hydroi sonerization cgdalysts include conventional
hydroi sonmeri zation catalysts, such as zeolite or anorphous catalysts

i npregnated with nobl e net al [004%1 eactj on stem s abl e for
carryi ng out figss! g‘!fé\‘lvémtﬂ“dﬁ@é%"é’éiqe?ne H‘S‘&H Mﬁ?ﬁ% ?‘iﬁc’ir‘ BPRUPE 2. In
Figure 2, a m,Bghedr 1Bdr ocarbon feedstock 210 is introduced into a first
hydrotreat ment reactor 220. A hydrogen treat gas stream 215 is al so

i ntroduced in ydr ottt ea nt. reactor . 220. . The m heral hydroc
feedstock is @Qﬁ sed :I(r? tngg{ V’etgf F%cangﬁx%o{rf:% semlrr?a Prg ry?ly%(r:ag%&eat ment

reactor 220 iébrﬁﬂb@e@bﬁ@@ﬂﬁ@ VIB gl afid/604 Sréawt Ay fletdded s suppdrt.cont ai n
hydrotreating_cataly Preferably, this reduces the sul fur content of the

treated feeds@%@kletrﬁetalﬁd’ﬂﬁluwlﬁlﬁﬁh BolyRdenymm. tepesiessand qambipgtioised f eedst ock
optionally flgusf rﬁtgtaﬁ(h gﬁ‘é gtlua@%l&agﬂﬂtc% ilRNAaRidY, ABKE, Sn@' ©

separated fromliq tionally, a portron of the gas
phase pr oduct®nﬂemﬂmasémdmf separator 225 may be cascaded back to the first
reactor as a recycled hydrogen treat gas stream 235. In such an enbodi ment,

recycl ed hydrpa4s) trepie @adiohtdoRafiodSh the s6NBhPEHtdhintnbydcRges t reat gas
stream 215 prior to entering first hydrotreatnent reactor 220. Optionally,

a portion o ngHN edpothduciog e

f berrendisionpsuieblefporriuciag dhganfar eentprt of dhafesddreaptn ahayt b
cascaded to t stream 236.
[ 0050] Aft er p@?éﬁ?g??%l%fgﬁe?{?%ﬁ %eegrgtg%/rea%ngé{%dﬁggfc%t%ﬁaq%&g 13 optionally
separ at or 225he tehetidn ameeThatduetion c&xﬂﬁmajabdxtnluichae(uSt—dckL%\t;dﬁﬁmed with
bi oconponent dstock 212 [ to enterin on drotreat nent reactor
240. The conblloﬁgﬂsﬁgé%‘agﬁ%w ég F@Qé’d‘gtlﬁ’dﬁ‘%ﬁ“ Ft@gpf‘?\%ﬁur&)m tions in the
presence of QaRp&QLtuPRIGT 558Lakygt beds that contain hydrotreating catalyst.
Thi s reduces the sul fur content of the treated conbi ned feedstocks to about

10 ppm by We'[?&ﬁ] oW n 1onal t ?sec ngéi §y§r%f}?zg&eﬁ{ 2637 c;%ﬂsﬂé‘@mgﬂdl aeactors

[ 00511l n the gro a mnera drocar bon

f eedst ock anduendhi meshapieme whefeeeflsidas int@decddihtoatie c@dtmnmzmeﬂemamble

reaction zones of a reactor. _In this group of enbodi nents, hdg (Eeral
hydr ocar bon freAsteR iswperatussy dihds gusngh ﬁ‘eﬁ}é%{\}?‘% AsYigts MsPaRiaining @ desire

processed €0 rid@nagHEL Bkl SIcRR e lie SOAROSRChArTA! erial suitable

for diesel fue such heavi er feedstocks include |ight
at nospheric @aérocicdwgelhvempf thet biosqhporicot prarsioniof t;he faed:titqpaca“dtm gas oils. The

m neral hydrocar .feedstock.is introduced into IIst ctian zone that
i ncl udes onqu?ncﬁgﬂ’éé ﬁ%ttd‘éft %/glfik%élag’yfhf%fm 5?)%ﬁu§’aﬂl - g H@/e&% y Ségg cat al yst.
The hydr ocar honitlogad stlRfkd itfcafXfARE 6 atlﬂuﬁﬁ&rbdﬁcﬁfsﬁba&ﬁfofb@ﬂcwalplr@hhm ng
exposed to cat aI tic feed hydrotreatnent conditions.

e 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.



[ 00521The 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 , nol ybdenum tungsten, and conbipations thereof. Suitable supports
include silica, silica-alumna, alumna, titania, and conbi nations thereof.

[ 0053] The reaction conditions in the first reaction zone can be conditions
suitabl e for (9481 yti & theeatipna hydraksmpsizationtsiegss thediqushphasaaradughs can

i nclude 0.25 §tre!arr15fr$1§$1¥e sejc§€(gbe'§§?>g\?st %?5'0%;138':0% Opﬁl%§6sllé5&i(ﬁ%e? 00 -2200 psig

hydrogen partial pressure. rotreatnent, the out’put stream
(treated m neo;alonalhydrescmdﬂooe;faeﬁdsctactdr,)thﬁtrancmpéreteﬂiat bydrosammerizationone i s

passed to a m xi zone where it.is mxed w.th a bio nent feedstock.
Preferably, t?‘f)é‘dg 32 RETE" % J?f&‘?f@‘i‘%"q%?‘? Bﬁ@é{%tdcsl%ﬁg ®the nixing zone
W thout pri orhyaysiserhé@ation Gatallie iREIAEOERRBRIInal BRE6iOmKrikaion Xed with the
treated m neral hydrocarbon feedstock to produce a conbi ned feedstock.

Optional |y, téualyity suehpasrreatiterasdanrrpldus satalysts impragaaigd atith sneblehe ni xi ng
zone at a deéjngtgpl tenperature by pre-heating the bioconponent feedstock. In
another - 18 - énbodi nent, a hydrogen-containi ng make-up gas can al so be

i ntroduced i n@@ the m xing zone. In,_an ?pti onal enhodi nent, the .,
bi oconponent P&&st och reaghon pygem stitaRie fof caaying oyt te 2RO¥HALBESEDFponent

hydrocarbon f&edsedmdRUE ifSigaRCs NRIFifhRer &mihudl RrRsQPRLd REESSQCK) -

[ 0055] The conbi ned feedstock fromthe nTxing zone is then passed into a
second hydr ot3l€as intrpduendantorhirss bydmttedtindnioeacsart 238y 4 bpidrogae fraelezsone or

nore catal yst_ hed ont.ai ni.ng a rotreating cat al . ~the conbi ned

f eedst ock consttrg%rflélg ﬁseal?ﬁ/H‘r‘r(?g'f‘"éeé{ll?{'ﬁoghycdré?téﬁ%?ﬂtirﬁacﬁf{?ﬁ eg;l):‘ﬁdmﬁlf/%?ot reating
zone under caiydtochibonfferidtodl i @éposad fortg detrediihg onsliticRiis feauses .
deoxygenation, desulfurization, and olefin saturation in the conbi ned

f eedst ock. Tﬂgdm@ame%fqae@ﬁ??-@ hiberpsessacerfPn g e eaiplvagbedsiati s a di esel
fuel with an cgﬂiﬁfnqwo&é%hﬁg%atﬁ%ﬁ%f&&ﬂiyﬁhﬁ%éd&& GRULATE cStent GFRRM by

wei ght or les :
treated feedstock to about 50 ppm 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.



[ 0056] The catalyst in the second hydrotreatnent reactor can be a catal yst
conposed of a Goup VIB netal and/or a Goup VIII netal on a support.

Sui tabl e netal s include nickel, nolybdenum tungsten, and conbi nations
thereof. Suitable supports include siligp, silica-alumna, alum na,
titania, and conbi nations thereof. The reaction conditions in the second
reaction zone_can be simlar to the first reaction zone, and suitable for
reduci ng the Biofeed,C g5t Usd H T I eam t o about 10 ppm by wei ght or
| ess as the feedstream IS exposed to the catal yst beds in the reaction
zone. [0057] g#dbhnal | yutlterfellswmgrgiomleai:&mbnmmmte, amamesdl hydiogetbode a quench

mechani sm wh a,fl is introd nto.th action zone to control
reaction tenp%?%’(t nﬁ?&i‘%w&l%’ﬁ‘ﬁﬁt tﬁ%‘@f‘%fkl%‘?ﬁ“é@é?@én O RYPILER R a
desired tenpejkiibea bActdPl mahgfgréﬁlﬁomodméﬁ@&ﬁe fHigerhithyldRecaboat her mi ¢
nature of hydrodeoxygenation of the |ocon*gonent portion of the feedstock.
The quench f|fgedstashris peefesabinacheapienipgddopkthagieandemsesessegdioifoi@ 8 gas stream
such as nitrqg t st ream of

recycl ed pr Oﬁ@@hc{?}lgﬁ &%ngal c%mg‘g?@ gt%g rrgélht?ﬁilﬁg%c 18gtlrli&&aerll additional flow
of a m neral E)&ﬁﬂﬂésmucloheaaldt(fééﬂsmks imoludé lighoatoospherie gaf oilf)deabove types
of quench fluids. - 19 - [0058] The output _fromthe second reacti on zone is
passed to a FNgPhetn §a%eilss an KAHLLG3S OHS: ?L‘F f‘ﬁ!’ﬁrg]r yéiﬁ%FaME‘f nponent s.
Because the iipiduoghcddafbs ﬁ%kréﬁ’@éo@z&@sthﬁ'lﬁclﬁ)&es%ﬂebp%or&@ifﬁ’l?ﬂeﬁyd with a

boi l i ng range above the diesel range, only a portion of the output fromthe
second r eact ithat ceniain 3 Bydofireatinert datalyss #habydtioearbon fagdstockiseexposedt i onat or

To a i csel  BBPRIACRaRbed HRURBERERbRR N OHagOP B gt Component <

[ 0059] Aft er kbﬂﬁhb@ﬁation, the diesel boiling range product is passed to a
distillate hydroprocessing reactor or reactors. The distillate

hydropr ocessigiga) eactife Gflst fthd st EREbh Bl O 4 Wnvdfiloar P Of

hydr oprocessing typically or nme éurlng manut acture of diesel fuel, so
l ong as the ﬂlwdna)tremhr@@talyﬂn,educblamduatal}dsa@ompcsadibﬂa Groupt ¥hi8 neeftal 10 ppm by
wei ght or |ess

“_!L\‘.

d/or a E}roup VIII metal on a support. Suitable metals include cobalt, nickel,
molybdenum, tungsten, and combinations thereof. Suitable supports include

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



hydr opr ocessi ng steps can include hydrodesul furization, hydroisonerization,
and/ or hydrofinishing. [0060] A reaction system suitable for carrying out

t he above processes is shown schematically in Figure 3. In Figure 3, a

m neral hydrocarbon feedstock 310 is injgoduced into a first reaction zone
320 of reactor 305. The mneral hydrocarbon feedstock is exposed to

catalytic feed hydrotreating conditions in first reacti.on zone 320 in the
presence of oFfBPHHMERE é%ﬁéﬁ"é%’&‘?mﬂ% ‘F‘H‘éf’c‘“ﬁ:%?ﬁcéflﬁ?st‘?&&r%ﬁr?é%swocat al yst .

The treat ed f gedatoplooht Ofurl &fonll B HOC R MocotiBhentittodstock Qa1 ned wi th

bi oconponent feedstock 312. The conbi ned edstock passes 1 nto second
reacti on zonealSaihclughermertidneo foomdn-biedomhpawst pltodasbaxisedwerk (Gudeasal yti c

feed hydrotreati,ng condjtions jn th resence of one or nore catal yst beds
that contain %‘i}’&?"gf‘}‘g%{ﬂ Wdﬁ%cﬁfté(fry%ﬁ“%\(z output fromthe catalytic feed
hydrotreatment zones is passed to a fractionator 360, where the output is
separ at ed i nt 9085ldi esEhe epsmbipedyfaedstgek frmdhe mixing gprmis dhenpagsricintqa . e. |

| i ghter than gﬁﬁ; ik j i esel

boi l'i ng rangeg%ro J(éf[?&!lrésah? ééﬁés?gﬁ%e eg&gd%{dgw*ﬁgezgﬁé;gl?g}gf%gﬁglﬁng react or
370 for any fmolcatayydt bpdsavatining a$iydpsreatied catalestd @he centbfred manuf act ure of

10 ppm by weight or less diese|] fuel. - 20 - Biofe - Process Usi ng
Two- St age HDC@?%%&&E‘(?PE”F@g%"ll]‘xciﬁoﬁaé’é‘lgé’a@}ysémstihﬁ_é?cé’n(fig‘é{é;t%’&rtea%%z‘?r‘f used to
per f orm cat al ydefcdtAGe dhOUroBRAINcAitRdNSAThRIdausts debbglenh@sl that is
heavi er than a typical diesel boiling range feed. Alternatively, a dual

react or hydr olsselénizaon.@ad vlafin sejusetéon indhe pembisedifacdstpelocEasowPieavi er
feed. [0062] Etrg%q'r(ﬁré @%%g%;%&yeaﬁgg%neaistav&?es%f ﬁﬁ?wﬂiﬂ%%ﬁa?&c‘%@ 405. The

two stage hydrocrac e used rn placée of a cataly eed
hydr ot r eat nerdetaheacinder 3d% subfuf eadttntat 19)pphebE weighhoaesd. he one shown in
Figure 3. Hydrocracker 405 includes a first hydrocracking reactor 420 and a

second hydr OgbGS“d}i NG TRAEHAYstifithe ddohd BitrBtréatm@nt TeA@bAtan B L&Ay RON
feedstock 410 i s passed 1 ntd hydrocracking reactor 420. Hydrocracking

reactor 420 icemipaskdof@feroop ViBrmetebaral/grst GtyegsV i haetat ome abppdrydr ocr acki ng
Py oor acki noiana s n el g T BTt kb St R R e st ock
thereof. Suitable supports include silica, silica-alumina, alumina, titania, and
combinations thereof. The reaction conditions in the second reaction 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 broduct 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.



[ 0063] The partially hydrocracked feedstock is passed first reaction zone
442 of second hydrocracking reactor 440. The partially hydrocracked
feedstock is further exposed to hydrocracki ng catal yst under hydrocracking
conditions in first reaction zone 442._jqe product exiting fromfirst
reaction zone 442 is conbined with a bioconponent feedstock in m xing zone

444. The conbi nhed feedstock then passes_into second reaction zone 446,
where it is el988kd t %OWEIW%%‘Pé&"Peﬁ@nQ:@P&tF%%OHGhﬂ%?ss?&@r‘bcrackl ng

condi tions. The{.aste fdr@epd}?@dmﬁﬁng%rtahaﬂeé\rm ﬁﬁﬁ)ﬂ%srﬁé&{dsé)ﬂl eZOne 446 can

then be passed to suitabl'e further processing zones such as a fractionator
360 as shown mmaﬂ:fft}dnsteclé}was a gadoil oCinditdB component with abaiegioage eboysr oduci ng

a | ow sul fur roduct C r rotreating

i ner ai - hydr ol s ARGH PRSSEASRIY Rha iyt frrm g steerd s KEPRESES bbout. 300r
or greater anantamclfw Useak diesblf gl ITeatacBbnAbr depaies AROPEILIGN 0P by wei ght
in a first reaction zone under effectlvE@_ﬁgdrotreatl ng conditions to
produce a treReeHl rﬁ?ﬁ&naﬂonﬁyamé@ﬁbwes toarisehhailngragee produglont ent

greater than ghout ﬂe@wi%? @H%lgé‘g%’z’}% about 50 ppm by wei ght;

m xing the treate & mner a eedstock with a bi oconponent

feedstock to uce i.ned, fe he bi oconponent feedstock

conpri si ng up[%g(ﬂabodg ?'Ogb%‘?"%&“g ‘{ﬁserh‘é‘ 13 FARiER dLrqusE et to a

hydr ot r eat i ngi§tiMRteR /b ﬂ?@&s&ﬁ??&fcﬂﬁ‘ér k&hchors epﬁm&tsﬁl@ﬁshyam z&%mgnder

effective hydrotreatlrug condi Tions to produce a diesel b0| i ng range
w

product havi rgackorsgh finfiudsoraciion zoflesaifgwogny Memﬁht/@yopmp@smg opiceBys.
2. The net hoﬁe%nﬁé@adﬂ%]mmﬁ&u{% otfrzﬁ"esgl' f&3Eko PRIl ds e RN YfesBl RAPCE 1S

stripped to nove
product has a sulfur content of 10 ppm by weight or less. Such

hydroprocessing steps can include hydrodesulfurization, hydroisomerization,

and/or hydrofinishing.

[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.



3. The method of claim1, wherein the bioconponent feedstock conprises palm

oi | . 4. The nmethod of claim 1, wherein the mneral hydrocarbon
feedst ock has T95 boiling point of 775F or |ess. 5. The met hod of
claim1, wherein the mneral hydrocarbosyfeedstock is an atnospheric gas
oil, a vacuumagas oil, or a light cycle oil. 6. The nethod of claim

1, wherein the,giocg onent_feedstock c ses a bi oconponent portion and
a mneral hyd D ging 'wo-Stage H évkgacx.o‘fs hod of claim 1, wherein
the m neral hydrocarbon feedstock has a T5 boiling point of at |east 300F.
[0061] In Figure 3, a single reactor 305 is used to perform catalytic feed
hydrotreating on a gas oil or other feed that is heavier than a typical diesel
boiling range feed. Alternatively, a dual reactor hydrocracking reaction system

can be used to process a heavier feed.

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



- 22 - 8. The method of claim1, wherein the first reaction zone and
second reaction zone are contained within a single reactor. 9. The
nmet hod of any of the above clains, wherein at |east 95 wt % of the oxygen is
renoved fromthe conbi ned feedstock. 10. The met hod of any of the
above clainms, wherein at |east 98 wt % of the oxygen is renoved fromthe
conbi ned feedst ock. 11. The nethod of any of the above cl ains,

wherei n t igLAMSen content of the diesel boiling range product is 0.1 w%
or |ess. 12. The method of any of the above clains, wherein the

oxygen content of the diesel boiling range product is 0.01 w% or |ess.
1. A method for producing a low sulfur diesel product, comprising:

hydrotreating 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;

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.

2. The method of claim 1, wherein the diesel boiling range product is

stripped to remove gas phase impurities.

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

comprises palm oil.

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

has T95 boiling point of 775°F or less.

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

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

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

comprises a biocomponent portion and a mineral hydrocarbon diluent.

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



13. The nmethod of any of the above clainms, 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 |east 80% hydrogen (remai nder inert gas),

and tenperatures of 550 - 750F. 14. The nmethod of any of clainms 1 -
12, wherein the first effective hydrot9%eati ng conditions conprise effective
hydr ocracki ng conditions. 15. The method of any of claims 1 - 12,

wherein the first effective hydrotreating conditions conprise effective
catal ytic feed Shydr othee@ethas ofcdhaian 1. wherein the first reagtionrrenerdrths8ceTd any of

t he above ' I RSt : : ' hydotreati ng conditions
i ncl ude ar}r@%ﬁ@\ﬁgp@éﬁ%%@ﬁtﬁ@ @%H%%i@%?%%wg@t otal pressure, 150 - 800

psi g hydrogen partial pressure, and tenperatures of 550 - 750F. - 23 -

nyirotreat i ng. conai CnRelssee oL teapdEC Bt ISR Rpel partts ¥ ren

condi ti ondhe oxygen is removed from the combined feedstock.

10.  The method of any of the above claims, wherein at least 98 wt% of

the oxygen is removed from the combined feedstock.

11.  The method of any of the above claims, wherein the oxygen

content of the diesel boiling range product is 0.1 wt% or less.

12.  The method of any of the above claims, wherein the oxygen

content of the diesel boiling range product is 0.01 wt% or less.

13.  The method of any of the above claims, 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 any of claims 1 — 12, wherein the first effective

hydrotreating conditions comprise effective hydrocracking conditions.

156.  The method of any of claims 1 — 12, wherein the first effective
hydrotreating conditions comprise effective catalytic feed hydrotreatment

conditions.

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



18. The net hod of any of the above clains, further conprising

hydr oi sonmeri zing the diesel boiling range product. 19. The net hod
of any of the above clains, wherein the sulfur content of the m neral
hydr ocarbon feedstock is 0.25 w% or greater. 20. The nethod of any

of the above clainms, wherein the sulfur content of the m neral hydrocarbon
feedstock is 2 wt% or greater. -23-

17.  The method of any of claims 1 — 15, wherein the second effective
hydrotreating conditions comprise effective catalytic feed hydrotreatment

conditions.

18. The method of any of the above claims, further comprising

hydroisomerizing the diesel boiling range product.

19.  The method of any of the above claims, wherein the sulfur content

of the mineral hydrocarbon feedstock is 0.25 wt% or greater.

20. The method of any of the above claims, wherein the sulfur content

of the mineral hydrocarbon feedstock is 2 wt% or greater.



