WD 2012/ 009516PCT/ US2011/ 043979 1 HYDROPROCESSI NG OF Bl OCOVPONENT FEEDS

W TH LOW PRESSURE HYDROGEN- CONTAI NI NG STREAMS FI ELD [ 0001] Syst ens and

pr ocesseswaneizpmnosasded for catal ytic hydrotreat nent of Pproasaqpone9 f eeds
using a relatively low pressure, relatively high purity hydrogen source.
BACKGROUND [ 0002] Fuel s based on bi oconponent sources will likely becone
increasingly prevalent in the future. Ajready, various governnents have
instituted current and future requirenments that notor fuel pools contain a
m ni mum per cent age of fuel derived froma bi oconponent source, such as a
plant, ani nal, i $RpROPRAIBENRREDFABIOCOMPINENFQATIBS oefitgi ng di esel fuel
from bi ocorrponent Sources al so presents a varitety of chatfenges. In
particul ar, for di O PREFSSOURIHOEYR OGEMNMTCONTARNINGpSTREAMS | ow pressures,
t he presence of the additional heteroatons in a bioconponent based diesel
feed may pose difficulties. Mdifying and/or replacing |ow pressure units
to all ow fofIBLBher processing pressures would require expensive capital

i nvestment. [0004] For production of diesel fuel, vegetable oils such as
canol a oil oi | een identified

Cano o o RO e o e AR BRSPS o1 o o1
Wi l e some B[&gﬁ@@ﬁeﬂﬁéed@%@ﬁlgrm%uwwﬂw préRne, ?él&tﬁ%l}plﬁ ?ﬁ@ﬁﬁtyng and/ or

co- processi ng of bi oconponent” feeds, "i nprovenents to ow efficient
processi ng hpdmgerpimes.y setting are greatly desired.

BACKGROUND

[0002] Fuels based on biocomponent sources will likely become
increasingly prevalent in the future. Already, various governments have
instituted current and future requirements that motor fuel pools contain a
minimum percentage of fuel derived from a biocomponent source, such as a

plant, animal, fish, or algae-based oil or fat.

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

capital investment.

[0004] For production of diesel fuel, vegetable oils such as canola oil, palm
oil, or other similar oils have been identified as potentially suitable based on the
carbon chain length of the vegetable oil. While some progress has been made
toward stand alone processing and/or co-processing of biocomponent feeds,
improvements to allow efficient processing in a refinery setting are greatly

desired.



2 [0005]U. S. Patent Application Publication No. 2008/ 0154073 descri bes a
process for renoving oxygen from bi oconponent nol ecul es at | ow hydrogen
pressur e. wohe1dmesi6i n this reference is exposed to a suppdrusea1/043979

hydr ogenati on catal yst, such as Ni, NiMy, Pt, or Pd, in the presence of
150- 290 psi hydrogen. [0006] U.S. Patent Application Publication No.

2008/ 0161614 describes two stage co-progessing of a feed including both
veget abl e/ ani mal and m neral oil. According to this disclosure, the first
stage is operated at |ower severity to primarily treat the vegetabl e and/or

ani mal oi | igygshe faed. plbs &;%lﬁfé%lﬁ&n PhiblidAgioh No> boGd/80581073 deligibesh! | PPed to

renove gas phase inpurities e stripped product Is then hydrotreated in a
nor e sever e phydsofior eahoreng osyzndrdm bprcodiposerd nablesdes dtuew hydrogen

[0007]Internationag‘PEbILCﬁﬁioq.No. VWO 200%/040980 gﬁﬁfribes r educi ng
hydrogen coREGHPE he BSPddBARiE SYIFTCRES 1SFE PRI 2UPRYT Yélé%ﬁe%tﬂ%’tp renove
oxygen from:bi,RePTRANANI, NGRES Pt P MR inf e pRIERLRITASHY0BS s AR RIrHERL | oned as
hel pi ng to reduce hydrogen consunption, but such pressures ‘are mentioned as

also leading to catal yst deactivation. [0008]International Publication No.
WD 2008/ Ozogﬂlﬁ)ﬁdiescrU-SeBatantp‘?xmd@@EOH BublpagandNa. d00%P 1 ¢ldr Alescaitkanes by

hydrotreatin I xtures of .triglycerides or free f .aci ds, with vacuum
Gasor| - convBRerEnar PRyt blh HEfu TR heth i GrbBlabi PR MRtk cess.

whi ch t akes ofil 2cRorting @ thisl digldsurd, kisk GRNGthEd RRPetated HUb NG RvERFEHT ON
pressure bel ow 100 bars. [0009] Eur opean Patent No. EP 1719811 descri bes a
met hod for priovidy wgatithguegstapaiasieraons! dit orthe fapdaddie producket hed i ncl udes

form ng an eous .slurry. of .t he bi gmass, and particles of a |ayered

ot al ot s (SRR At irdra LR RS B B SR htS TR Din R T
250-400C.  Ups then hfdMdaeste@in Mo g8RrdmyirORdauab@l skapehs pastiied a dadstihough t he
publication indicates a preference to performthe process w thout added

hydrogen. $u4l0010] Eur opean Patent No. EP 1741767 describes a process for
produci ng di esel fuel from bi oconponent sources. This reference states that

t he process @ﬁmces QRN KRNSHIPE4 ' -

sul fur-cont zy? ning cg%%aﬁgﬁ%ﬁbﬁé%l ocg'rrpon%nt ¢4ede§§9%5&%(3é PeQiucmg
hydrogen consumption by controlling the products from reactions to remove
oxygen from biocomponent feeds. Lower hydrogen pressures are mentioned as
helping to reduce hydrogen consumption, but such pressures are mentioned as

also leading to catalyst deactivation.

[0008] International Publication No. WO 2008/020048 describes a process
for production of normal alkanes by hydrotreating mixtures of triglycerides or

free fatty acids with vacuum gasoil. Conventional hydrotreatment catalysts are
used in this process, which takes place at relatively mild conditions including a

reaction pressure below 100 bars.

[0009] European Patent No. EP 1719811 describes a method for producing
liquid hydrocarbons from biomass. The method includes forming an aqueous
slurry of the biomass and particles of a layered catalyst, such as a clay. The
slurry is heated to a temperature of 250—400°C. Up to 10 bars of hydrogen may
optionally be added, although the publication indicates a preference to perform

the process without added hydrogen.



[ 0011] Eur opean Patent No. EP 1693432 descri bes co-processi ng of vegetable
oils with various diesel type mneral refinery feeds. The nethod appears to
i ncl ude cwotzoriaegsiéeget able oil and mineral oil, hydrot Peattisagiio®7€onbi ned
oil, and stripping off gas phase products. SUVMMARY [0012] One aspect of the
invention relates to a nethod for form ng a bi oconponent-contai ning di esel
boi Il i ng range product, conprising: hydredeoxygenating a feedstock conprised
of about 50 wt% or | ess of a fresh bioconmponent portion and havi ng an
oxygen content of at least 2 wt% by contacting the feedstock with a treat

gas compri siggopt | §agbp ARPUtenBNoTRPY7RY HOELErDA o NSRS $HEREEu g 2

hydr odeoxygenati on cat al yst under hydrodeoxygenation conditions to forma
hydr odeoxy gdreatlduelpirad betcongrodestesparcas.i Tiyistréferdmyel sathe dhat genabecsspr oduct
into a liquid effluent vapor efflu

d a nt, at least a first portion of
the 11 quid SHCERHE PREdATY dhesB ey buinmiis Britdddie sRiEoB8B HHpm or | ess
bei ng recyclggpbond RehLYHOLBENNIeARL I on step, and at |east a second
portion of the liquid effluent having an oxygen content of about 500 wppm

or less being a diesel boiling ran%e product, wherein the
hydr odeoxygdé®tlil on domapaandlatene diepEP €93 Yodeskriprseosprpecskingmfabout 80 psi g

(about 0.5 MPa t 0.,about 400 psi about 2. 8. MPa and wherein the

hydr odeoxy gd Rt U8 Py et IR soB MM sty Rk RS Vi 1yt hae i s
about 50% ompp&sstodhiclafe 8shbiirt e%%ta@lefdipm A IIC Ry drbfesidigahy st having
hydr odeni t rogenati on and/ or hydrodesul furization functionality. W)

2012/ 00951 6PaTbEdE1l1 ABHSOPRing oBRIEPhBEITRIFS.ON OF THE DRAW NGS

[0013]Fig. 1 schematically shows a reaction systemfor perform ng a process
according to an enbodi nent of the invention. [0014]Fig. 2 schematically
shows a rea®UMNARXtem for performng a process according to an enbodi nent
of the invention. [0015]Fig. 3 schematically shows a reaction systemfor

perform ng fy@npcesHACEBEd 0 thd RvaRicRTRAMSTE Atm&hod RE fhAYiREG! ON-
biocomponent-containing diesel boiling range product, comprising:
hydrodeoxygenating a feedstock comprised of about 50 wt% or less of a fresh
biocomponent portion and having an oxygen content of at least 2 wt% by
contacting the feedstock with a treat gas comprising at least about 80 mol%
hydrogen in the presence of a hydrodeoxygenation catalyst under
hydrodeoxygenation conditions to form a hydrodeoxygenated product; and
separating the hydrodeoxygenated product into a liquid effluent and a vapor
effluent, at least a first portion of the liquid effluent having an oxygen content of
about 500 wppm or less being recycled to the hydrodeoxygenation step, and at
least a second portion of the liquid effluent having an oxygen content of about
500 wppm or less being a diesel boiling range product, wherein the
hydrodeoxygenation conditions comprise a total pressure from about 80 psig
(about 0.5 MPag) to about 400 psig (about 2.8 MPag), and wherein the
hydrodeoxygenation catalyst comprises a catalyst having an activity that is about
50% or less of an activity of a fresh hydrotreating catalyst having

hydrodenitrogenation and/or hydrodesulfurization functionality.



[0016] Fig. 4 schematically shows a reaction systemfor performng a process
according to an enbodi nent of the invention. [0017]Fig. 5 schematically
shows a rwacbviamoagst em for perform ng a process accor diPag/useoians®nbpodi nent
of the invention. [0018]Fig. 6 schematically shows a reaction systemfor
perform ng a process according to an enbodi nent of the invention.

[0019] Fig. 7 schematically shows a reacgion systemfor performng a process
according to an enbodi ment of the invention. DETAI LED DESCRI PTI ON OF THE
EMBODI MENTS [ 0020] Bui | di ng new hydroprocessing units for wholly renewabl e
feeds i n angyg@EFiMEQEREBHNGFYEY: DRLthRea] ity for hydroprocessing feeds
cont ai ni ng renewabl € conponents iNto a refinery can present nany

chal l enges. There is the obvious cost conmponent of introducing new

har dwar e, bl@013diapt ithg Wsbemyptiedllyeshgivs girbadsias spstipdpoperéoeseg ag units for

co- processi ng of bioc nent cont ai ni feeds.can present its own

chal | enges. P Gﬁsla]cfﬂ%d?@ﬁga@neng%ﬁnéﬁ? qq?iheamﬁlle%téoé%ponent feed can create a
variety of problens in a refinery. The oxygen content can be as high as
about 10-12%90xy#] 5 Fig. 2 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0015] Fig. 3 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0016] Fig. 4 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0017] Fig. 5 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0018] Fig. 6 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

[0019] Fig. 7 schematically shows a reaction system for performing a

process according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] Building new hydroprocessing units for wholly renewable feeds in
and/or incorporating new functionality for hydroprocessing feeds containing
renewable components into a refinery can present many challenges. There is the
obvious cost component of introducing new hardware, but adapting wholly
mineral oil-based hydroprocessing units for co-processing of biocomponent-

containing feeds can present its own challenges.

[0021] The oxygen content in a biocomponent feed can create a variety of

problems in a refinery. The oxygen content can be as high as about 10-12% by



wei ght, nmeaning that a | arge anount of hydrogen nay be needed to renove the
oxygen by a hydrogenation type reaction. Bioconponent feeds can al so have a
t endency wo 281eppoass hydrodesul furi zati on (HDS) acti vit pCanslan/ 043979

hydr odeni t rogenati on (HDN) activity of typical hydrotreating catalysts
(e.g., Goup VIBfGoup VIII supported and/or bulk catalysts), nmaking

co- processi ng of a bioconponent feed chall engi ng. However, the oxygen
renoval reaction can occur under relatively mld conditions and typically

will not require relatively harsh conditions. Thus, a relatively |ow
activity hYWe?@ﬁ,%Eé&‘I% fifat Qla)fgé a8 W thy BRle¥n By el deb G LdlreRle TRY al so be
desirable to catal yze Tthe hyd odeoxygengtl n (HBO) reaction. Simlarly,

rel ativel y baygdntgr obgtropartipalkypresswne Bicammineenfebds sufaldochasat t o
performHDO, By using a relatiyely lLow c atalyst for hydroprocessing
the bi ocorrp6W5ﬁflc-yct8r§gﬁpli’??%@y‘f‘%&}l%?%t‘ioﬁaghqs(ﬁ"ﬁ“‘é‘ %% or production of a
bi oconponent,,haasdrbb&latich (ADN)HESRY bf %%P@dr@&ea&&l %ﬁa@ys@?‘(@%‘ S€.

[0022] Additionally of alternately to efféectively utilizing hydrogen
resour ces, Creue ViBiGroep dllleoppatddandranbetk ¢catalyse), otalierg qoepriopessygr esour ces

in such a wa¥ s to inmpraqve, and/ or. maxi m ze their effectiveness. For
st ance. abt p BeOTpIPR AT e eRingalans e (Y eShyael BE PRt al yst
having an agbiyidnfet RBkiveS ARQEEnRRMACMd (65iRal8f wRADnAGE M X18fveR fTesh

catal yst, particularly on@ i nparting HDN and/ or HDS functionality) can be
reused and/ darskxbsditings. r'Bast argativedy tovcadtantyhytihgseatimactadys chauoing a | ower

pressure capagit an desired an _be re-used in_ the present invention to
o ove andPaD st o Hohareg iUt Sermle aheyolsre i PRuRay eaRgYT uct od
refinery. [ @ﬁ%@iglr@ac\ﬁ%! QU5 1R S ABAY Sow hpgrgggyﬁmibpaeﬂuk&%n%f@h oconponent

feed to be hydrotreated wth a relatively ydrogen source in order to
remove the tajsofficiont {(d pafqrrmiB D). t Bansibg %rbytivey ddw rowfcatahet forygen in t he

e O ke R bl St T o
| east 99. 5W(F)Pd’du\éﬁb195fa bRkomPaRdnt %gse%%g%e%,‘éﬁésggtaom(ﬁfct h6@8bced9- 95% by
wei ght, at least 99.97% by I ght, at [east 99.98% by wei ght, at |east

99. 99% by wekpgmse. at | east 99. 995% by weight, or conpletely all) of the
oxygen in the feed. [0024] The costs for this process can be further reduced

by using a r ivel .OW COSt te s shi.ft, cat.al yst, such as Fe304, as
t he hydr otré@iz?injt é%qdéﬁl% Y %4% a%#%ﬁloges@elchﬁ?lypuﬁl 1 ézﬂﬁﬁgﬁa bi oconponent
product may rheufiks,tBlbendyde dS@onSm drivel td b &h&ﬁ@ﬁnérz%solﬁ%h in

Al ternately, the bioconponent product can be mxed with a conventi onal

m neral feeduqhea gay ak b vywaee andl/ @seiximazaibsislsiectevegassoilior instancheat| i ke, or a
conbi nation,t her eof e.g. i.ch ¢an include rior hydrotreatnent step
(but uauar 1 3e0rr ety Bl 6 B PS5t Py Rinfloer e E Bl B o
general |y babsgedonbt ROMSE R dcaikith ek Blekie AR pardidhilafRYyn®Rhpafiak! y under go
prior hydrotreatnment if its sulfur and/or nitrogen contents are unsuitable
for t he HDOHIZM@nilonHDHomeenalithaeabsecudssd andjoo exisyngfcaetes, oxygen shoul d

be renoved in_ a dedicated process ny co-processi.ng.of the bioconponent
product i t ROE R AR SRETRE PN ER R EDRL L Pl ke D ERRT o pec
anount of cad-abagsih (BYPREGT Shvnlifearinhprovd Htl/er aRtiaTiEe theQAgRL I N vari ous
enbodi nents, a system and nethod are provided for hydroprocessing a

bi oconponenefffaewy offae ayadveenmanitcta@tdforcan i ncl ude provi di ng a HDO
reactor for processing of a bioconponent feed. The catalyst for the

hydr ot r eat eactqr.. G Mim I I ating
cat al yst aﬁ(}ﬁozrﬂa relﬁgta Iﬁ%%ow g%tssttﬁ\%glﬁvggﬁé%gﬁé\k%/?tﬁ {%?a{ng%%{t?%e{]d:t has
sufficient HYE: Bedrbwtdtyd wither delativelggiurs bydrogerf urdehia ohgdnotdeatendat

reaction can include and/or he a relatively high puri tfg‘ﬂgas source, e.g.,
cont ai ni ng MAIRHYdhe i MoEnthansliin boweight)od dig oxatgsnin B¢ fagd 9nd ppssidy t ai n

enbodi nment s ti lo¥o [ ' o/t tor to
further fac???%%?%hﬁggég é%P%?%éﬁé?Fiﬁm &Igéﬁgg%fggggygﬁﬁgggyggg’ion. The
hydr ot r eat mént expnpbtesidezang yasultight) adlzag b 396 by weightpatilewgt 99. 98Py product ,
optionally an aqueous product distinct fromthe vapor product, and a diesel
boi i ng range hydrodeoxygenated product. Optionally, the 7 diesel boiling
range hydr odeoxygenat ed product can be co-processed with a mneral feed in
a second hydrotreatnent reactor. Optionally, the diesel boiling range

hydr odeoxygenat ed product can be isonerized to inprove the cold-fl ow
properties. Optionally but preferably, the diesel boiling range

hydr odeoxygenat ed product can be m xed, typically but not necessarily prior
to separation, with another diesel boiling range stream preferably either
previously hydrotreated to attain a desired sul fur and/or nitrogen content

. T o o



[ 0026] The feedstock can include varying anmounts of feedstreans based on

bi oconponent sources. Wen desired, the feed can include at |east about 0.1
wt % of f ewo 2bmgwesion a bi oconponent source, for exanpl eraf/use@si4®mpout 0.5
W% at |east about 1 wt% at |east about 3 wt% at |east about 5 wt% at

| east about 10 wt% or at |east about 15 wt% In such enbodinents, the feed
can include about 60 wt % or | ess of biogonponent, preferably about 50 w %
or less, for exanple about 40 wt% or |less, or about 30 wt%or less. In

ot her enbodi nents, the anount of bioconponent feed (e.g., for co-processing
with the 8wBaelaleRlboporti0fehe, hikali@odycan R chflive ysaml |, for
instance with a feed that inc¢ludes at |east about 0.5 w % of feedstock
based on a icogongdersn®9.89Urtgeveight at leatt WOASYo mpwight, ontcoinphtely east about
2.5wt % or gb Iﬁ@st about ﬁ % In such enbodi nents, the feed can include
about 20 wt 95bPT g QLN 1h;t %g%é;nent based feedstock, for exanple about 15
wt % or |ess, about 10 wt % or |l ess, or about 5 wt% or |less. [0027] As used
herein, a " poeAPporERtcobegeisthagiocdsetat be firthar RidcQrey Bang heedst ock
(typically al so containing sone oxygen atons) derived at |east in part from
a bi ol ogi calelptavelyrbave cosiwagesrgee lifitcatalystsugk ay Bepthadsl e hxdotredtienand/ or
animal fats/oils, (ipcluding algae and fi.sh fats/oil respecti.vely). Note
that tor t netBlrPhoABE HPCARE B8 Seiine biodyaRiinEhpRog T E PRl Yenerar 1 y
to any plantohaseds et @kidadsel RBOpdINC AlEatedy,/tRé b coRpbNEGE pfddda @nsour ce
such as plants fromthe genus Jatropha. Bioconponent feedstocks usable in

t he present bpmvsed woh acanvenivnadaingm) fedd (elgodereseneliesshpriewhpii¢ mari |y

trigl id d fatt ids (FFEAs). The .triglycerides and FFAs
typPoai 1y cama i et  ordinbtat BERRbha iR HRRFRE FRERr e havi ng
from8 to 3Gygaiknsent Pes{BUtaRLM L s fdQiide]l 281 Kigh&Wslind Ahgekrapl e from 14

to 22 carbons. Types of triglycerides can be determ ned accordin? to their
fatty aci d &ompsencepargeseralfyde tiaged yitheutdrioo hgdiotraatntest, dahmps opteaillyy

determ ned using Gas onmat ogr aph nal ysis. Thjs. anal ysi.s, involves
extracting ERAHEaAG: FRPIRLBERREA shifnudiP affistng Med a i pl
preparing amohk HDO @eddtion)TEISWéVer Sk RliseQhe AR rERBPMeldx§derd SovRi boi |, and
determ ning the type of (methyl) ester using GC analysiS. In one

enmbodi nent , remeregdopiatdedicated proggss ang cotphedesgogdpt de hiromponghiyredicde present
inthe lipid.paterial, can.be conprj,;sed of C10 o C26 fatty aci

const : t uent SBL Sl RO COPRA 2 BRY Shrebesd o rim Al BBl e er i an
Further, a Qa@gﬁygsﬁhggoh@e@xﬂaﬁ@@Ek%kﬂ@ying a structure identical to the
reacti on product of glycerol and three fatty acids. Thus, although a
triglyceride is described herein as being conprised of fatty acids, it
shoul d be uh¥Sdt oodnvAEPUS HBDGHEMEYS 22 $)$TeER Abmshodaserraviieddetessari | y

contain a c i.C..acl d: n i oLty of
ri gl yoer i dogogiack iRy BioCUARORER focd 1 Sy R Tithod Bul T Y
conpri sed ofprévidinga HIO rtadtbryfoapicdesdipssf 4 bieodBporeas fidd OMht ohitalyst

triglyceride content. O her types of feed that are derived from bi ol ogi cal

raw nat er i afordberppdereameahrsaper ciebe ait atleast partiay spent hydiofrea®nd atty acid
al kyl ester AVELA i - eed can
conprise a E?éﬁﬁ9%¥y£ n1H%&gﬁgéﬁﬁﬁﬁg%gg{g%%%a??%bggg%%%gﬁégﬁg%%ﬁfeedstock
By "m ner al 'H®O activiner Bhe ojdrogdnedfdedokthie hytdRarhtnent es@tibn tam@chldef uel
source, such as crude oil, and not the comrercial organjc product, such as
sol d under epgoRhwBEslaBEROLEEE-PIrinegRy SOUEP. ARdCPRANINGhYI5REH 8ATssi on bel ow,
a bi ocomponept,,eGAS1 Atk 86 ok G YAEASARAMmARERbACk dRRbIAF, | rom a
bi ol ogi cal raw material conponent, from bi oconponent’ sources ‘such “as

veget abl e, abkbmelintréduebd irao dicakaabgeurtanacitdty hydrbgaepidoampanent

sources can include vegetable fats/oils, animal fats/oils, fish oils,

pyrol ysi s oiaéer gap shiffirgasdion; dihgdwyeiqtisatment RercesseandsipioRantedtigmt such

mat eri al s, {: I ] i1 Yi: nor e
type of Iip?gg%%H ggh gﬁgﬁﬁg%gﬁg%ﬁﬁgﬁﬂh%ﬂgggg#@%Péél%g&kﬁgﬁgggggﬁﬁconpounds
that are i npeddubt, and a digtetoililbgifange hydodedxygammpdpaxdultorOptainpllgahyent s.
Non-limting exanples of such solvents include al cohols, ethers,

chloroform al kyl acetates, benzene, and conbi nations thereof [0029] Maj or
cl asses of lipids include, but are not necessarily limted to,



fatty acids, glycerol-derived lipids (including fats, oils and
phosphol i pi ds), sphingosine-derived lipids (including ceram des,

cer ebr osiwexp1¢megybi osi des, and sphi ngonyel i ns), steroi #sTasdo1I0€379
derivatives, terpenes and their derivatives, fat-soluble vitamns, certain
aromati ¢ conpounds, and |ong-chain al cohols and waxes. [0030]1n |iving
organi sns, |lipids generally serve as the_-basis for cell nenbranes and as a
formof fuel storage. Lipids can also be found conjugated with proteins or
carbohydrates, such as in the formof |ipoproteins and |ipopolysaccharides.

- 10 - [003111e'§éla58'i’1| a‘ﬁfge Mf&%&@é%égg &t%cf}?ﬁoﬁﬁét GABeR6- Sﬂéé&@sédﬂv@l?ﬁordance Wi th

this invention incl are ted to rape canol a) oil
soybean oi l ,mmcmbfwtl 1roa lsecosdlhtldmmeatnmnt reapa)lrn()q)tibnalbathn dqareihbd)ilin'gl peanut
oil, linseed oil, tall oil, castor .oi atroph oloba oil,
ol ive of - FigesiatrspryEcaird prouobin Sae PRt shploBatasdi o * Tart ow
oi | and ri C%réii’e?t'ibs“dpﬁo[q@l@@%ﬁfﬁ%%ﬁ;‘i’y Qh@ﬂl%%l%%llfn%frﬁﬁg’@d to herein can also
i ncl ude processed vedetable oi'l material. Non-limting exanpl es of
processed vhgéﬁodmwg@natedratoeluctadamheahmdé tipicay butiras negedsdrdy pyioai d al kyl

esters. Al kyl esters ically incl.ude Cl1-05 al k esiers. One.or, nore of
b ot hotperain. Bt pe e et R A Rl DBl iR iR A
fats that Cﬁgdt%%eh't%ﬁ% ht@alﬁﬁfa@w&ﬁ%@fu%ﬁdrof mogaa/@aﬁtér%rhﬁﬁ&éfé@ancbut are not

limted to, beef fat (tallow), hog fat (lard), turkey fat, fish fat/oil,
and chi ckenafready Hﬁvmgaan méptﬁlalbsulcfmﬂoiéoroinﬂr@germanbnfanonAd«hlyloaaliy abl e source

i ncludi ng restaurants a roductlon f aci 34] Ani mal fats as
o er ed t o BRI i S5 Dnd B e adeBha At oS sk @O LHE TR | 1t ng
exanpl es of LpARAE n&tBd duEtanfmto%ér%'lesbﬂ?dlE% C%E’sﬁfea%?'di‘%f%féd fatty

acid al kyl eSters. kyl esters typically incl al’kyl esters. One
or nore of nemhyied dadsblybqiliggchnge spydm.eshieh sxlabe dpsiefér oxegen] QOBE] Al gae oi s

or lipids are i cal I cont ai.ned i | gae, i or m of menbr ane
Cormonent s. 464 itkgen priatieran tacsiogns pibol ey EGORRYEE ot rai ns,
parti cul arl g Hb&aﬁgaalfﬁﬁﬁaﬁﬁ Bodtoclli gh My RAbIEKANPRAGHEL BprgRftal n
proporti onal y high level sgof l1prd % hg’a sources for &?’ﬁeﬁ; | gae oils can
contai n var yom@uamimnrprm@ og)ld, ﬂbwqamﬁem%lfwtmmddi%mm arpiltdsatdhpsed on
total weight of the hiomass itself

in such an embodiment, at least a portion of the diesel boiling range

hydrodeoxygenated product, of the other diesel boiling range stream, or of the

combined diesel boiling range stream, which exhibit desirable oxygen, sulfur,

and nitrogen contents, can be sent directly to the diesel pool, optionally after

being stripped but without further hydroprocessing.
Feedstocks

[0026] The feedstock can include varying amounts of feedstreams based on
biocomponent sources. When desired, the feed can include at least about 0.1
wt% of feed based on a biocomponent source, for example at least about 0.5
wt%, at least about 1 wt%, at least about 3 wt%, at least about 5 wt%, at least
about 10 wt%, or at least about 15 wt%. In such embodiments, the feed can
include about 60 wt% or less of biocomponent, preferably about 50 wt% or less,
for example about 40 wt% or less, or about 30 wt% or less. In other

embodiments, the amount of biocomponent feed (e.g., for co-processing with the



[ 0036] Al gal sources for algae oils include, but are not limted to,
unicellular and nulticellular al gae. Exanples of such al gae include a

r hodophytwo 20td@ezaphyt e, het er okont ophyte, tri bophyte, @gCasSe@hptz®7o

chl orarachni ophyt e, eugl enoi d, haptophyte, cryptononad, dinoflagellum
phyt opl ankton, and the |ike, and conbinations thereof In one enbodi nent,
al gae can be of the classes Chl orophycege and/ or Haptophyta. Specific
speci es can include, but are not limted to, Neochloris ol eoabundans,
Scenedesnus di nor phus, Eugl ena gracilis, Phaeodactylumtricornutum

P eur 0CNY ¥ ShfinG [ §i® héfion Bt YIRS ARI UMM c T SR MfartBWith Afidg

Chl anydononas rei nhardtii. [0037] Bl oconponeht based diesel boiling range
f eedst r eans tlwamdygeis @alehst dbaviel. b et ofMetdstdonbanéd orogbrocamgosedtf ur cont ent .

For exanpl e, a bioconponent based, feedstream can contain to about 300
part o por. mPREBHT oy ERG RO VPR SR bOA $oReng dar dout S w98
ni trogen- comd ghd dighSRAMPRAYNES Yeed AR 1RAMLbODE 36 R9ZHraBd/0er sul fur, the

pri mary heteroatom conponent in bioconmponent based feeds is oxygen (in the
form of oxyhemwonprhaitiasgl feedyain s )exaiBpletadobiel bivteamponertioudi @s¢to boi | i ng
range feedstreans can irsncl0 de ug to about 10-12 wt % oxygen. In preferred
embodi ment s °f {98 CaPPYr WHROEHSSof the bi oconponent feedstream can

advant ageously be about 15 wppm or |ess, preferably about 10 wppm or | ess,
al t hough, imomame enbogicadptcn, al beodhpoasmavatocke edstsite amyaazaon
substantially free of sulfur (e.g., can contain no nore than 50 wppm

pref erabl y ikedsiock (yhieallpolsygpntpining scasxaomigen atomp derivedat 198t Wppari no nore
than 10 wpp no re than 5 nQ re than 3 no noye than 2
wppm o more RA S el aR tEB hrdRadeghannezeatie By % 8200 ppb, no
nore than 1QRinMIRAs/ 0N (IABLGinceheAAd WRR Bats Bils GOFREEYEL Y MoteiRATH abl e

sul fur). [0038]1n some enbodinents, a m neral diesel boiling range feed can
be mi xed wi the puipodss o€ tipderament.asgstabledats/ogs irefer gancralldrtodav pipgénat i on,
preferably rel ativel ow val .cat al such as a wate shift
Catalyer. andris et fnd B R kot Sh BT Bt P EReBMT & 1 v sucn
enbodi ment s gefultelatrBpiat. | BRL¥mpOvény adedtociat @hyistin SropbnPRkRfiGPE be

sel ected fromcatal ysts that have a higher - 12 - relative sul fur

resi stance ardydsranyiod thesgeylich eepprisshunarilyteglaeerbloy apdlise faty asedsypr et r eat ed

so as to ha rel atively |l ow. sulfur .and/or nitr. n.content. Due to the
i ncreased s&ﬁ‘ﬁ% cﬁﬁt %kyc?f?:dw&iﬁr“#msa Coﬁt?mféﬁﬁsﬁfdﬁl rquglt?ﬁl cat al yst
can rapi dl y ch@né pihed s@0cth IR YRS 10361 datbbns Ubkfedbly Fogh1 Gt 1 des tend

to have low activity for promoting hydrogenation type reactions. In such
enmbodi nent s catbhes, fpiexagipld feam khte J3rearangb(lypeeofdriglyghtidss candei | | ate feed,

such as a kerosene, jet.. or Ligh as. ,oi |l feed. 0 Wien uti.lized, the
ineral o | Feangeseke R in sl i Biconr B8 KRBV RDOREESS: apout
215F (‘about ci@@@?eadﬁgﬂet@ﬁﬁﬁﬁﬂﬁsi@g da@@ﬁo@awgka(pzzwd)aﬁayéis.lmfs}), at |east
about 275F (about 135C), at |east about 300F (about 149C), at |east about
325F (about an@ggy invetvestexiraeisig thofasor sBoRpeaibyng (ydrayzingydietfhirral 1y or
alternately, .the feedstgck can be characterized b boi | i ng poi nt

Fequi red- ¢ »onrr LR ARG P EufD BRFbEhL KB pded PEarOL bl B The

t enper at ur e deREHini L the QyRobl (nRkhy pestdr BRI G halgsik eBflonSehBdBiefdat 0 as a
"T5" boiling point. In one enbodinent, the mneral oil feedstock can have a
T5 boil i ng pwjenitydf e agrebiendan0butof 2B0Fi gl wistde presow)in thedipid mmigriad at | east

about 250F (about 121C) of~ a e about 275F bout 13 . Further
2ddi ti onal | SR0P TERAIG T q e on B am s POR el hiaP WAl Tos
boi i ng poi Rteseht inklipid AddteriabPUithd]l B GiglQterl RSS a niddécuxidhEa about 750F

(about 399C) or |ess or about 725F (about 385C) or |ess. [0040] M neral
f eedst r eamns streetuts| iderticabtoihe Feagtion progdhplorfehy cerdeandithren fataacidsavidva, ni trogen

content fro bout 50.t 0 .gbout 600 m nj.t.rogen, fo |.e f.rom about
50t o about SBIBBERYSTER ey o BS T behE 8o Mped! aGAE Reimihi ogen.
In an enmbodisheNd be L& siobe ams tikUhitahtia doafpoHse ddes BbtheeaRatig@naisul f ur
content from about 100 to about 40000 wppm sul fur, for exanple from about
200 to abouw c30REBligpphydipghn.akn ¢reom EN38 A @itlod G glZGWO/S wppm | n
sone enbodi nents, the mneral streamfor blending with the bi oconponent
stream can be a diesel boiling range stream In other



- 13 - enbodinents, the mneral streamcan be a higher boiling range
stream such as an atnospheric or vacuumgas oil. In still other

enbodi mrerwe,20tmo3stsner al stream can be a | ower boiling Pramgs2&itine®ny such
as a heavy naphtha, a virgin naphtha stream or an other virgin distillate.
O her exanpl es of suitable mneral streans can include resid, cycle oils
(e.g., light cycle oil), and coker deriyed oils, as well as conbi nations of
any of these and/or any of the other aforenmentioned streanms. [0041]In one
enbodi nent, the mneral streamfor blending with the bi oconponent stream
can advant aggausl iy RS Rhdticht Rl chProrlhbIOIRR (s SUbT EF, 16 @t gt In one
enbodi nent, "t he m neral eam can be a finished diesel ream havi ng a

sul fur cont ecid C(ohstrtodmtsmnraeed dratota iogly cS0levgopran. p@&feet}qiols pf festl thvaee t han

about 30 wppm. f exanpl e not nore than about not. nore than about
e wppm nodoru R iR Retal S Yomasm camangrsiiat el BBunsid BeRppm. and a
ni trogen copf@nis f‘aftyﬁélh aﬂ%ﬁ%st%ﬁf{gga@@kME%d)’M?m}i]Br eferably not nore than
about 30 wppm for exanpl e not nore than about 20 ‘wppm not nore than about
15 wopm not nore than about 10 wppm or not nore than about 5 wPPm). Gas
Feeds | 00421‘10?-3] hydr(éi@}magbdhe éeflgpn ﬁy@m@%hkgé &8 in@ner@t oif iredpfioelc onponent
f eedst ock can a rel atl ur it ydrg ,, cont ai ni ng
at Least abgui BB Ratih Rt 2P| hidkar e ARER R GR M Bsden, Car | east
about 90 mh%aﬁyﬁfd%gl%m@bl fu@mr@b@wh A2 S, Avdheo®e comindr&iast about 97
nmol % hydr ogen, at | east about 98 rml%hydro en, or at |east about 99 nol %

hydr ogen. A@ifgil@l(fpredhlﬁyﬂwb@éﬁddsmdbr %Sammb@r §0$ﬂ §brSpai. by Alddelbgbn streans

"t nae. buth s el R A @ MgPhATeBRRARE R i AR &1 "y r ogen

sul fide, a”‘ﬂ&@l‘st@ck@@ﬂvé&ﬁoﬂlla@ologf&dlﬁmhﬂéﬁbl @Ui‘ﬁpdnléﬁtr @0t The |ight ends can
often represent a m x of |ow carbon nunber drocarbons, e.g., al kanes such

as net hane &mtomphae sourcessich aagagatiiaznipal, fish.@odios a&akn&me@m@pr essi ng
agent for

8 st am R LERIPDR Y ScE CRanably LR R EReRlh MblfyiRy = ™

Never t hel esgils, gxealytidoHghnGQIdmYipads/diRasd wliRhé t@hpohehtiRfATsgss the activity
of the catalyst, relatively high purity hydrogen treat gas conpositions can

contain CO mt%m%wafldm @mfr ymBepdinientsragn npeaiiical llyancluﬁ@om@ramyltq wpaetivity

can preferably, remai nou h to suffici oxygenat e, t he

bi ocomponent Plbsarangs. Pt PEHE? af aleBhT Bl SRR e 1 eeq,
and possi bl yndoubl &RV &es bRsickKlE aA honpaldr (6f fat)l"t,%l\ﬁaﬁysg &Nbri- nmﬁthﬁg feed).

[0043] Alternately, the hydrogen source for hydroprocessi ng of the

bi oconponentexaréelésoﬁwchéaweb@ ipclpdg alephads, ;ethemNChgmfermealkyi@cytamsr eam e.g.
cont ai ni ng %nrg) yCdr en. ar IeesO Such refinery streans are consi dered
of relativel y %8\7\76{}1 8! (%ggl {9 y have conventionally been seen as
having too | ow of a hydrogen purity and/or too high a content of

undesi r abl e [@29ponemVsjot clabes us Bplids indimdks, buedre ﬂeﬁ’tyecpis@ﬁB_/Slﬁﬁfted fhis results
nostly in such refinery streans_ being upgrade by separating out a

hi gher vaIu@“Bﬁﬁﬁﬁhéhﬁeﬁﬁfhﬁﬁﬁwﬂﬂés@ﬂﬁpémgﬁgﬁgé ‘%@I%@Eﬁw 40148y out a | ower
val ue and/ or, e or
reusi ng thejwﬂﬁgéﬁﬁﬁhg%kﬁlghen (ﬁ&ﬂﬂggﬁﬁﬂﬁﬂﬁ &%%?8%8é §%§¥k%%§??ﬂgreof)
being treat eplhlﬁgorgyehﬂsp seooidenhd oRe derivatve, feowaes val theiraldiaiveparticul arly
t roubl esone conponents of the refinery streaminto one or nore hlgher val ue
conponent s) fat mio BitARIBE, Gepinf ajamagie sompyuids aandylopgrehgja laohpisigdheat |

e.g., to asgj g mnth tenperature control of endothermc refinery
reactions), an Yor a conbination thereof As the desired products from
certain refinery reactors are fractionated, separated, or distilled out,

t hese |ight [@@her allhyivgesegasymprlgudcgenesdly storms shpbasgefogedl or  of f - gas.
For exanpl e, of f - as i.s conyentionally viewe avi ng sever al

or obl one. | RATIRITES HES AGOI PLIEL PoBEs: (b e B Ter CAPErat, vel y | ow
H2 concent rwltmofeﬁasgor,cahﬁﬁy@@w’g Lhab nﬁhreqafﬂl Bf Pﬁc?ﬁ%%u%fanabom 50 psig
(345 kPag), possibly up to about 100 psig kPag), and

concent r at i dipopdlysaeslsaridean 25 nol %9 . Subst ant| al pressure WO
2012/ 009516PCT/ US2011/ 043979 - 15 -



uplift would be needed for FCC off-gas to achi eve hydrogen parti al
pressures typically indicative of hydrotreatnent. [0044] Typical refinery
streans tweatoramoile useful as a hydrogen source accor di RgTIUS241hi0$3979

i nvention, aside fromcontaining hydrogen gas, can additionally include one
or nore of light ends, CO CO2, H2S, and NH3. O her conponents may al so be
possi bl e, depending on the feed chem stygy. and/ or conditions of the reactor
fromwhich the refinery streamoriginated. Such a hydrogen-contai ni ng gas
can be used directly as a hydrogen source for HDO of a bi oconponent feed
accor ding t godang I MBI oRAELLENIGAS atkhn bOGsdMALOORARRMRNd S i gh
enough. However, in so enbodinents, the hydrogen-contail ning gas stream
can be scr ubbedtipn instudeobutses npdmiteditoanpsgsewh @anolhpoit.ababsmtdis) bei ng used

for the hydrodeoxygenati on reacti or nd/ or other catalysts. being used in
the pr oceus S8 LTI AGORE Phdam pnbBrie il Byarilpti K5eE P Bnes t1 ve t o
conponent s pfiesgAbill Ehs%&%ilb}’a‘?ﬂo@ﬁ%i‘lﬁ%]&ibﬁ'o‘ﬂ', PEvO&S Ha&s&d oil, bathbgnpas stream
contains H25, then it should be scrubbed prior to contacting with a

sul f ur - sensioili sedflgweradil; dabasgg bilamlloWwaskeancomgertirsi o, a G- oup VI nobl e
metals |like Pt and/or Pd, whereas scrubbing of H25-contai ning gas streans

woul d be opt} I n tacting.a | fur-robust .cataglyst such as a
convent tonal9 8.0 VBRI Eheheoiansn P G e B E Foeed¥ion ng of «he
hydr ogen- coRb@itabl0 il ddterddll BRI IGARIneRAHED s R pf Rkl WegdtaBlE bilcant I y) the
concentration of H25 and/or CO2 in the gas stream An exanple of a suitable

scrubber i s materakinrdudeciagy acidp pedt fatarracissalkyleesters. Alket pgferakymieal JDEA) or
t hyl i .t t 5 d - CO2. Note.that i t.ypi ] { d
oty v LR S PO, LSRG SRS BER L oo

certain situyaife@as, significant renoval of H25 fromrefinery-based hydrogen
sources can be beneficial for maintaining the activity/reactivity of the
catalyst(s). Preferred water gas shift catal ysts according to the invention
can incl ude [¥334oni daspmplesafangnalifaty thatcan beusedes aceqrdmcgsvith 88, chroni um
copper, zing i.nat.i - 16 -

| east a porﬁ?gﬁ g?ﬁ%ﬂgkcg%é€§§?h§§§&@@hb%??mﬁgﬁgﬁ@?@%ﬁ%@??kﬁﬁP%%§can tend
to be | ess dsstistafat/oilf a1d desieaifit. Cieanytailsfas wah basbidicdrfr@aanghi f t
catalysts in the various enbodi ments of the invention, In sone enbodi nents
scrubbi ng r &V&YI& e BEludingrestAYERE GBA MshPIdHE R faeitisery streanms can
result in a significant reduction in sulfur content, e.g., corresponding to
a concent rajpgn of  SAiFIA REOAPIRHAAY (9herbtn YBPMAlde! BSSssddnifXAAp! € 10 vppm
or less. In certain enbodinents, the scrubbed hydrogen-containing gas
streans cannptaiar Aohylirhidvme eanmpRS of pricessed atino fafmitesa indade Biftyvppm

These concentrations of . fur and, H2S in scruhbed str a

advant ageoudris Ba® Bmacisfalkel G aleT s s B e foh Cr arialetly based
and/or unsCeubRehIVETRGER G GhATadRSoblT &RIT ard ORALYPON entering a
hydr oprocessing (e.g., an HDO ‘Treactor according to 'the present invention,

t he hydrogen-containing gas can preferably have a CO2 content not to exceed
10 nol % f ol0&%hnpl Algae oilpordxuéeare dypcallyrcantingd inglgacon dxckosdt cdbout 5

| 9 d ab | 9 b .ol 9 d
about 5000 QT AGECPo BaBe o asbarc aobo e by Mot Cedi el a™hbut 1000

ppm I n sit yaticanslysHictoadsac\Wieh 8 didRndamddyhRsiictetd, &dignt exceeds these
| evel s, renoval of "CO2 can be beneficial, é€.g., for increasing the anount

of hydr ogen Ppepodtiersdlyiighsicvels ohlipile. Adgadspwses fohéhaml g olljapgnghntatn r eact i on
approxi mates _an_equi libriu roce er, Q.an can, be reversi bl
o at o Fal e Bl RS RE 1o Y05 MBS SRR SelsB Rl L L

resenbl es amhEsiginhiditdelim process, an increase in one of the participating
species in the reaction can tend to drive the reaction to reduce that
concentration. Thus, providing an excess of CO2 can tend to drive this
reaction tol9&0h nordepboursss Tesalgas; gilsdnglpds, bupargdet Hyted fduct from this

reaction, ¢ SRSl LeOR el KEL ADOML A ARNGRGEY LIS BN, of 12 pr oduced

via the water gas s reacti on. n certail I ments, the

producti on elioddphe@nchierophytehigsterohb@oplede ayibopiytqdilaicophyaé.eam i nto t he
reactor during a hydroprocessing step.



- 17 - Steam provides additional water as a reactant, which can help drive
the formation of additional H2. In sone enbodi nents where steamis added,
it may bewpassidobsaet o reduce the anmount of steam additi eaTarse@ 103979
hydrotreat ment process is started, as deoxygenation of the bioconponent
feed can often |l ead to some water production. Catalyst [0049]In various
enbodi nents, hydrodeoxygenation can be perfornmed in the presence of a
relatively | ow cost catal yst, such as a water gas shift catal yst and/or an
at least partially spent catalyst that still has sone hydrodeoxygenati on
activity. V\%B%Eargé}ﬁlioﬁhfgié, (e:gl%héﬁlith(ap‘t htyveo'cg@kdrﬂo&%n&ﬁqbﬁh [lthpr Producing
addi ti onal hydrogen (‘and ) fromH20"(an I'n’ the hydrogen source
and/or in tmhyuopmnkmm arkDM6 Oiké, q:nlde:foa’rhmymmtmecgain et émboditrehyyst i ncl udes

an oxi de of ron %h% Fe30 n oxi dg/s ter shift activity
e s vnaldaf s B¢ SRR SIS oaBrett poTRs HapbahEh e Safdite Sty o
hydr ogenat i gy Achidél b S5@Rol lﬁﬁﬂté{ﬂt% SUBBR S5 BNSL, ScSHEByAS: ZNO and/ or

CuO, e.g., supported on alumna, ifon oxide catalysts promoted with Cr02,
or the I|kedzmrphmnﬁwgéam(gnsciﬁhdﬂ@wbdamlem rgagnghin, tPleavekrysiss can

advant ageousl xposed to a reducin .en iron rior to use. Because
bi ocorrponenfa %”é’ﬁ @%eélé{mlff”ﬁ%e TreRe FF%‘#” %‘?fﬂ?%f’@domﬁ’é" atal ysts shoul d
be able to pgi,ptakn activity (e.g., HDO activity) for a reasonable anount
of processi ng time (e.g., fromabout 6 nonths to about 10 years, preferably

f rom about ear to about 5 years, for instance from about 18 nonths to
about 4 year{ 371 [ 00ipawneongehkasad dieselshailingias gefvedseaeaisysn symeailyi ncl ude

one.or or & e itegr B RE ARt SR OIS k3 SR hdend SBenboncel ana w

and/or M, phgliaeaditiban QAR ChSthMipAtoe®ohi 30k a@ﬂap@hﬂﬂuloﬁw\»@ghtor Co and M,
or a - 18 - ternary conbination such as Ni, Co, and Mo or such as N, M,

and W The/ Bappmhyitiogen Satthe frrmeefinilrggan-esmtnibiag sompbkndsat Kisjesd ofr can be

supported on.an oxi s al unm silica titania, or a
conbe nat + on ditkef Shd8: SHE, B2 Ptk Rleerlioh SPmpBb i Pb oAl 2 DO

[ 0052] An at pheASteddds bkféénb(lrﬁﬂh@%rnﬁ\'bf\@x@%h@oﬁﬁﬁm N%Borﬁﬁoﬂﬁi@}i $\@atabl tiate
olefin saturation at a lower inlet tenperature st units are constrai ned

by a maxi nubiespepanemgiesehpaling tnnee f%ﬂddtr¢aam59@nan@ium up &f aipwsd O-dRe rel eased
fromtreatnen, of hioco nent ti aturation at | ower
tenper at ur 6 T ¢ 88BN E RERB Asn STt tort ryaPEpEr iy BREPREOEY The
Maxi mum t e mMpgidateHng cim édvaﬁ@gé&ﬁﬁhﬁéjaﬂcﬁf& &5 WwppitboesP prorkhblyRibegeRsi ng of
nor e bi oconponent feeds.

wppm or less, although, in some embodiments, the biocomponent feedstream

can be substantially free of sulfur (e.g., can contain no more than 50 wppm,

preferably no more than 20 wppm, for example no more than 15 wppm, no more

than 10 wppm, no more than 5 wppm, no more than 3 wppm, no more than 2

wppm, no more than 1 wppm, no more than 500 wppb, no more than 200 wppb,

no more than 100 wppb, no more than 50 wppb, or completely no measurable

sulfur).

[0038] In some embodiments, a mineral diesel boiling range feed can be
mixed with the biocomponent feed, e.g., prior to hydrodeoxygenation, preferably
a relatively low value catalyst such as a water gas shift catalyst and/or an at least
partially spent hydrotreating catalyst. In such embodiments, the relatively low

value catalyst should preferably be selected from catalysts that have a higher



[ 0053] An at |l east partially spent CoMb catal yst can be used for | ower

hydr ogen partial pressure desulfurization and to sl ow down the kinetics of
bi oconporwot2of2e®esibr eat ment . Spreadi ng t he exot her m out PChrusaghowio7¢ he
process by having such a |lower activity catalyst can advantageously reduce
t he nunber of hotspots (which can decrease in efficiency of the unit, and
potentially give rise to structural isspgpes if near reactor walls). At high
hydrogen partial pressures, the use of spent CoMb may al so reduce the
anount of nethanation (e.g., CO+3H2 4 CH4 + H20 and/or CO2+4H2 4 CH4 +
2H20) that QG SwulRFER AR ahEbPiHnin il FRAAGRIBGRETRNSHITRL bORL [ 0054] One
option for the relatively |ow cost catalyst can be to use a spent

convent i onalprdisedredtsoa@ato hayec atahtyatly {oav gulfurnior arichgen cQotivbt) . Diguoh

catal yst(s) can tend to have a.reduced .actj vi for conventi onal

hydr ot r eat iR Mpreavdsulur pten i SRBE AL [ Y G ONERER R have
sufficient aghidNideYeohPeridd BisbfeTRILSBEOMIARI/ 180 §lPRYes tend & hav@Me OF ,
rejuvenated (reactivation of catalytically active sites in conbination with
addi ti onal defrasi for pronodtimggiyeivegenanet gips rewtiass. tlo sapipemkodmteatst the
hydrotreatment activity of. fresh catal yst). Though this option.is possible,
7o eas " Braraf e cidatefradly b o i B i eey Sheh (R KRR 5 Gt bas (es)
add signifi gaptRRERsg to the process. Simlarly, while fresh conventional

hydrotreating catal yst, having relatively high catalytic activity in

hydrotreatment, is yet another possibility, it is even |ess preferred than
usi ng regendd®9%¢d andher utiligedydganiagrat atl &eglstockspeant pare @njiritial-baaldies t i onal

i ncrenental _incr e in.c b sin active catalysts. 56] As used
ner ei .t e PPRT REA epmgb S asARhC g o f tantly GEREHB AN g

nol ybdenum aqubueil 2 1ver), £abat hbsut 215 Tk@bout! IBSPES tat MaitabodS3 (AL @bk ¢ met al s.
Wi | e sonetinmes fabricated as oxi des, such catalysts are typically sulfided

to exhi bit AYAHO: adarsrebeutd@OTR (abput IBSEhear af lvashabgut HYOE galidudled form such
t al yst ti [ly,..i d t d m f oth
catal et myaleo, ptlansl A0 SURRICLS, B B SERAYE, of ot e

catal ysts a'b@ilﬂlg%ﬁﬂtt?&glireHQB b@ﬂ@rﬁgé&ﬁed erefRa &y ofRE Gecdl Fdr Sxar@bent Nos.
6, 156, 695, 6, , 350, 6,299, 760, 6,582,590, 6,712,955, 6,783, 663,
6, 863, 803, GheormpERGIre TeRRgdzaBoil 7t lzag 5180 ofa g ig pferrethid 48 a546°632, U. S.
Pat ent Appl i c“ti aon. Pu Iicatign iNos t2005/0 7?15 5 t2 0%/ 2’0605&%,

2007/ 00847585 TR§ PO 0 & §SIRBHIMCRY themleral o1l fsadstoss @ PAYT 8 Nos. wo

04/ 007646, WOl#EGHoIAF4Béast\WorOBHFP 811040) 2000 ¢k 518514 AP lcag oM
2007/ 084471, inter alia. Suitable hydrotreating catalyst can al so be

obt ai ned coraRciahputyl218CHor atdeasbabautd 7 Ta@baentss * K- Budrrpddposdly TM
KF-840TM KE-757TM -601TM -3T nd RT-2Tm m Al benar| ¢ of Baton
Rouge. | La; | BRABEBAE N T BER PRrorRtas S LA oS Btk 't et on of
Houst on, TXabdi-7386[ abbtiomgal) dplesd aps@anile ks 790rF (h¥outt#8626YdH4 f r om Axens
of Houston, TX; and the like. - 20 - hydrogenation (ol efinic and/or

aromat i ¢ satess ar hlowt 78 @bantisona) pylesy: al ternately be acconplished using
fresh, regenerated and/ or rejuvenated, or spent hydroisonerization/ dewaxi ng

catalyst. S ydr qj Il %@% i i nmol ecul ar
si eves havi x%d]la(tﬁSi 0%:4%%%1? ra %%ﬂ?%dg% \%%%gfbyoigﬁlpégéahrg%gsg or |less or
60 or |ess, caphavenahitipghutorerefiemabboutisoed bbb G0ao mppal niesgele foi nder .
Non-limting exanpl es can include, but are not limted to, EU1, zeolite

beta, ZSM 35XamEfHiom abampis10 aRput@PO0 yapnp suchery fpommpoyty]S tPERPBD, ZSM 48,
ZSM 23, or I | r f r I 4 and/ or
ZSM 23. In gg?@g@hﬁﬂﬁﬁ‘gg%&ﬁgﬁt% %ﬁ@%‘ﬁe@eﬁ%@%%f&%lgg&n S%égil\é‘i}a“ ?aé’ti o of

si eve (zeol hheda sulfifraosteat Ramtaboax 't toalbostt(i@0evphesulfifr, i ckeaple 80: 100,
for exanple at |east 90:100 or at |east 105:100. When present, it can be

preferabl e figm apaait 3AQ &0 akowit 4R0GH Wesp, such ap Sinderbaus AP 1 fpowaye0d surf ace
area of 100 fAsolRSSundhe APhfn A FRAM AF plefihotfinPhe/ g OF | ess
and/or to comprise at 1 east one of sili ca, alum na, tania, and zirconia.
Addi t i onal | piceonmpbheitRat&hyan bé adéseriedling agbydeamh shnsahézat i on/ dewaxi ng
catal yst can also conprise a pronoter netal selected fromthe netals of

Goup VIII of the Periodic Table of Elenents. In enbodi nents where only a
Goup VIIl nmetal is included, that Goup VIII nmetal is preferably noble,
nore preferably conprising Pt and/or Pd. In enbodi ments where an additi onal
pronoter netal is provided in addition to the Goup VIII nmetal, the G oup
VIIl netal can be Ni and/or Co (preferably N ), and the additional pronoter
nmetal can conprise a Goup VIB netal, such as Mo and/or W preferably at

| east W By way of illustration, such hydroisonerization catalysts are

described, for exanple, in one or nore of U S. Patent Nos. 5,075, 629,

= A A N = NN\ e o~ = A= NN P N ] — =Ny = oa ~N = ey ey om g o4



-21- Reaction conditions 100581 The feedstock (at |east a portion of which
is conprised of a fresh bi oconponent feedstock, e.g., about 60 w % or |ess,
pr ef er ablwoaboumoHe w % or | ess, with the renmai nder compCirdiSagia43vecycl ed
stream and optionally a mneral feedstrean), optionally steam and

hydr ogen- cont ai ni ng gas source can be introduced into a reactor containing
a catal yst having water gas shift activiyty, an at |east partially spent
hydrotreati ng catal yst and/ or another type of catalyst having

hydr odeoxygenati on activity. The bi oconponent-containing feed can

advant ageou%ﬁﬁ&&f@?%ﬂ%&ﬂ@mﬁ%aﬁtwathigﬂapsaamﬁg@mgﬁ's%mgchﬁ%g' ve for
renmovi ng oxygen fromthe feed. In sone enbodi nents, tthe conditions can be
ef fecti ve fanatmeosphengosvizstmndasaill yn atill odfer elmbodixyepen thelminatal er nat i ve

enmbodi nents, the condi ionsb clan be effective for rermviﬂl at |east 50 wt %
of the oxygélcap & %Jﬁﬂ’% flingaage Hir o ohichgs 4 eayy ngBhthip Vs at | east 90

W % | n suchaghh5iaih o 28 PaRdV IR Estilldle OBRHLLIRNSs 6AMihYRIfRALIY be
effective for renoving 99 wt % or "l ess of the oxygen, for exanple 98 w % or
| ess or 95 wir8emy cdnasslud¢ resglichclabilefmat lighe cynlead) et ket deived odessed

bi oconponent feed can be .m xed with a mneral djesel boiling range feed and
maybe” co- proEELds QoM A Y St haropt F8 SHsF Rl RMIESE oxygen
fromthe bi Qggepponent feed. [0059] I n situations where the bi oconponent feed
is exposed to the catalyst, optional steam and hydrogen-containi ng gas

source, the conditions can be effective for renoving oxygen fromthe feed
and/ or opti ¢y fdn osaembadinmpt.chemingal spigamdonbicndivgaviduihei ncl ude an

LHSV fromabout 0.1 hi-4 to about .10 hr - f or .ex |le.fromabout 0.5 hr-1
Eo bout - BRgtbrpofenlsirdad Spd A vieRaly fay RlarSER TR | et o
i nternal tegp@iadontedt.(MWARE @hbddithentaRigivbal Seednet/ Be Afnishel@ietat ure")

from about 550F to about 700F (about 288C to about 371C), for exanple from
about 575F sieambbaying A5Rfpagnnirnt 36 2@ mereghauab@s 7w pphy (e fadl nG50F t o
about 625F &?boﬁa&Z%&iﬁf about 32902), frtom a%out b55t to abOL{[ 600F (about
288C to abolfOr3IEE)APO%>G YBRTAIEGFATPL 20t Mgkn ap S VRRBF Y kBt 315C t o
about 343C) thaNab8ut hﬁwp?ﬂﬂgn@ﬁﬂmrtﬁaﬂlmum 209HpEAdr hePhBRaRhn abdilsanci ng of
hydrogenation activity for oxygen renoval and water gas shift activity.
Conver si on &fPpa0 aad@ rHrogdanontesopl aetdneR than aheueniperiptefpiablyesd. Because
the water gas Sﬂ%fta reafdi Qn atso reslenbltes aglaeggi Itijbri um prgcess,

i ncreases i N tenser EPBE'e YRR SR FHEP IV B H R e &3R8 on PRI Y "&B°and H20
formation. [HRRGRLBEERApEM, hbembRttHiLaut | D& Ppudbe a6 msRUNESabIUIE € can be
several alternatives for treat gas rate and total reaction pressure.

Nevert hel es&/pptthe hydr ogen-contai ning treat gas rate for the

bi oconponent -contai ning feed can generally be at |east as high as, and
typically hi han, what woul d be used for hydrotreating a typical

m neral oil lgféggg,e—&and the reaction pressure for the bi oconponent-containing
feed can advantageously be relatively | ow conpared to what woul d be used
for hydrotr ¢@i42hg a Ehegiydadgemsnenca lfordiyldrédeesy ganatiomnf/the o@adimpeneis, or in

enbodi nment s ere refjnery based. strea re used as a source of hydrogen,
The hydr ogedPdinioEhent b f ey Ot Pie G AnBOFOIAIRY. 56 DB BReRt ed”wi L one
or nore ot ek, I th b IR atlbAPEBoR YK kMY, BydHogert 9 IchGLBaSe t he
partial pressure of hydrogén in the reactor, and thus to increase the HDO
(and/ or ol ePDma%t hydnogamn pt laadtiaboutypS holo6 hydnogereneteabt, abbhedt mollo r eact or

pressure in the hydroprocessj £actor according to the sent _invention
o be 1 o HgEET 6 B FopE b e S5 Rt o oo ds B0 L g Vet 4. 1
MPag), for S| RS Bi 400 psig
(about 2.8 %ag) @r%lr}lgrgr]mégggﬁ&%%a%é\%y ?léggg%?&%}i%ﬁg éggf%&thg{sg%%ﬁ%%oo psi g
(about 2.1 wpagpallyaonfaimhglazode prodictpsadby-aoluttslwbicMeay Jnclwdeabatut 350 psi g
(about 2.0 MPag) .. Al so, because there are other conpon S besi des hydrogen
n the. hydr B SO oA oG4 b r e H SO TS ea RS ur o can
general |y be,@tielifedhdd &5iBihatidRhdBsf, tﬂ{&i%m 8RR Qh JHRSSMESN: hAglged, of ten
in reactors contal ning bioconponent feeds, the hydrogen partial pressure is

expr essed asfidvecyghon nainberlgskoracbais, hydalkgees sunh bhmethade ogépthaont ai ni ng
gas at - 23 - the inlet to the hydroprocessing reactor; however in reactors
containing only mneral feeds, the hydrogen partial pressure can generally
be expressed as the partial pressure of hydrogen at the outlet of the

hydr opr ocessi ng reactor. I n one enbodi nent, the hydrogen partial pressure
(inlet) can be at | east about 40 psig (about 280 kPag), for exanple at

| east about 50 psig (about 345 kPag), at |east about 60 psig (about 410
kPag), at |east about 75 psig (about 520 kPag), at |east about 100 psig
(about 690 kPag), at |east about 125 psig (about 860 kPag), or at | east
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[ 0062] Dependi ng on the size of the relevant reactor, the anmount of

bi oconponent feed processed using the hydrogen-containing gas stream can be
adj ust ed wo 29i2dlogsia desired treat gas rati o of hydrogenPsoarse@1(0a3979

bi oconponent feed. Nevertheless, the treat gas ratio for the

hydr odeoxygenati on reaction can generally be from about 500 scf/bbl to
about 5000 scf/bbl (about 85 NnB/nB to ghout 850 NnB/nB), for exanple from
about 750 scrbbl to about 3000 scf/bbl (about 130 NnB/nB to about 510

N8/ nB), from about 750 scf/bbl to about 2500 scf/bbl (about 130 NnB/nB to
about 470 N a¥R)ngl1{ T R10GRONkn Q0P s 34O doPn@BPHLdrRBORNRGS Aebbiorkabout 150
N8/ nB to about 470" Nn8/n8), or fr about 1000 scf/bbl to about 3000

scf/ bbl (aboutreasg® ChB/misht tod Hakvoutairbig) gdnBrenBs cah GE3) keduso the @roddi nent s,
sone portions of the reaction. can he perforned jn a coynter-current

reactor. | nrﬁgmeﬁmﬁn{ Attn ?\Ietvﬁghgﬁseﬁ‘fqn&ho‘bgci" ¢66W‘3f %tﬂe?sﬁ Barl‘.i‘?gXorrponent
feed duringphcRsAl RGN thOCAPRORIR ofy MEh phindyRSIhQRapLad | OW Tor the
hydr ogen- contai ni ng gas Stream en present, steam'nmay al so typically flow
i n the opposbtmpodiipmectanaonfa@ine dvifiocenthosteslt atheed so t124 the cwalyng

counter-current. operatjion. |In enpodi nents includi a counter-current

Feact or .t naCRUBGROARCISHELY PG PEDTBRELIO THECFRBohhy P e
hydrogen‘¢°@k%bﬁ§69m§%&a_ Q;ﬁ%?éﬂb@é@%@nﬁ@ﬁ%@ﬂﬂﬁ%oéﬁmhﬁﬁﬂﬁﬂﬁ&ﬂﬁhdAs the gas
travels up the reactor, i1t can typically becone depleted of hydrogen,

general |y | pashibly té cerh@wesubstyaradyenl @ah¢ baygeprie sizuficed). near the top (outl et)
of the reactor. One advantage of this counter-current schene can be that

the | t tial ter the feed when it first
enters the MG or . AR @l PediReER s BFE Rhghg el fan e 1S
sufficient bcdaipshaitdedis@ick Ran Bé hhélRTIe 180 0sl0sRaNRR st&ad ¢  eaving the

hi gher hydrogen pressure at the bottomof the reactor to effectuate HDO
[ 0064] Anot hepntpisiege? alol’adwdrmeager kfss.aSedustiseycerap aredwsbigaredad be t he

bi | i dify th fil h . e.g.,
enhance hy drggRSHIBULET BReura i are G BRI teRt s aeeiedad hi 1
reaction, pfl&ﬁl@fihihgﬂro@%n buﬂ@%amr&@@ﬂiﬁﬁ%nfehpmuﬁeﬁ&m@so hehtsesot her i c.

Thus, decreasing the teqferature in the reaction environnment can cause the
wat er gas skheseigunostsetingty pwcessosr This resulty draste m prcbdelinirphtredms an

enbodi nent, ,the te ea ture can Qe vari ed mﬁtan the co ter-c?rrent
Feactor so PRYE WPEiREd ek Py SiPhalissithp ifent vl ramRatei I BREY op of the
react or andaf@of hake, WydRpirafi®a 6t LOWeL THEE ahdIbEFarBEEafl P uddblessfe t he bottom

[ 0065] The reaction can produce up to three types of effluent streans (or
nmore). One c9mpowdnt end exenrleamandien rqdsng theapapingig ¢aeprnesisy exthe likhe vapor

ef fluent can_include unreacted .H2 ny CO and/or CO2, water vapor, |ight
ends. and. afyBoRERCoTREeEP5RiRg e REY (. RGPS h s Rl RS qucla <o
the reactor aﬂwth&rheulaMQh@qslas&ﬁ@_b@mﬁbﬁmwsh&cdfﬂ@m stidagh maPee &f f | uent can
be used as a fuel gas, when the |light ends content of this streamis high
enough t o hawee higher valpeeompersntrgysbeiypluroed Efrifbelgas (wpicabyfaan i ncl ude a

di esel boiling range product stre whi ch can. advant ageous| y.conpri se a
o or ity of iRl e BSOS R R RIRANE pBRTE!  SFr eam
can i ncl ude r@Rtiaf) efidbor a cofbinatfil tRedeot t AC BN dewhé ShHrodadts GRORPEdrfagh Wat er
introduced with the bi oconponent feed and/or fromsteamused to drive the
wat er gas sheffriery ecactoroare frpgtignagerl seppsated.rasaimtidlad oat, slese ighude some | evel

of dissolve? organi cs an? othqr articul ate and/ disﬁolved i k{ties,
whi ch can. - LReeBRY SReBET ROIHES citfornctpliet sfotollen® R S ARl TG 1 oy,
[0066] I n oneffegkastomrhiiondl§ VigwshadhReRIBANHropRikd, dtl@fing H@viﬁ%ﬁds'[ ock

can be pretreated to renpve inpurities prior to hydrotreatnent. en
desired, thigatpyay leapressire gath, a iekptiyolyd owrhodingeritaiiondeguhapingdr to m xi ng
t he bi oconp nt _portion of.the eds ith the mneral oj ortion. In
such enbor tenp Rt APut R e e ed s By RIS el doBRbonent
portion throsmkEey)agdar BefnckRrdtRIN GesI B 25 mbi%}. eSubtntiEprBisagonponent
portion to renove sedinment, or other processes. Alternately, an optional
metal s renoval pretreatnent can take place after m xi ng of the bi oconponent
and mneral oil feeds, by exposing the conbined feedstock to a

denetal li zation catal yst under denetallization conditions prior to
hydr odeoxygenati on (and optionally hydrodesul furization).



[0067] I n other enbodi nents, at |east a portion (e.g., about 50 w % or | ess)
of the bioconponent portion of the feedstock can advantageously be fresh
(i.e., novoprefaoestbed). I n such enbodi ments, the renmai naemr/uskoiiogssreedst ock
can be conprised of recycled hydrodeoxygenated bi oconponent feed,
hydrotreated mneral feed (e.g., having a diesel boiling range, an

at nospheric gasoil boiling range, and/ors-a vacuum gasoil boiling range),
and/or fresh mneral feed (e.g., in a kerosene boiling range) having an
appropriately | ow sulfur and nitrogen content. [0068]1n sone enbodi nents,
at | east a morkivamPhe hied SiSIRtC ROFLsNE obRBASH{dREIDBIRANNAERALED) product
stream can be suitable for incorporation into the diesel fuel pool wthout
further protgssillygndidelave ofdrydkdticaomerdl t ernately, at | east a portion of the
di esel boiling range product stream can be subjected to further processing.

One type of her processi ng can inglude.re | of at least a - 26 -
por ti on of . M nacarae B et Edrisni et 5 B C e Phre it rury -
renai ni ng i Rcddindit@ B ilOhtidr) AsidaRdeh B5RaHRl hyldfbdeR@as 288 a@ditiskAlfur, this
can be done using a caustic solution or other wash to renpove hydrogen

sul fi des, oninapdeoangroranagaiof lightaansler@Pi 602.dep and Ddh. 4¥heycompeasitag t he

liquid st t tall] i i , h b f sulf
spec es. 1 n bt o salnfs, SORERI B e i Bk on Tt PRbEE e Aot her
type of furt&iRforFrRE /&SiNbe éaTheky SikdadCorigiaxiell] BOcIPA hdideéd-tOitaiding he

product to the inlet of the reactor, e.g., for tenperature control. Stil
anot her al t gahean heeused direeity asdehgdregqpionscet fhe HRQ@ o&h bisspmipagentdenge pr oduct

of dissol ved gases. |,n .sone. enbodi t Syt ar nore further prqcessing
oteps can. bectnagR el ROMg S PRLRTRR fynt b Ses Rier  bBefielir st onal
hydr opr oces$igwevef, ih kénéb@56dinkats, tmyde%@ﬁ-&hmiﬁggwmma@me product is
al so possible. In some enbodi nents, the diesel boiling range

( hydr odeoxy gemvhbastiprigirto ds tratenlasky wgyobe dately ss Hedepisedier theat i on cat al yst
under effecﬁjé%dq%groi oneri zation con itigqst erforqinq a

hydr oi somer ¥ SO0 BREDS FAOPHANY PRl ¢tlYs ﬁE@lP%@% IBrBUBECeEEh i mprove
the col d-fl queRaiapes tHeany&@ftiohh B (€ Pshitatulard\d VaRitREee ¥shpeondniepresent in

hydr oi soneri zation reacti on could al so sinultaneously renove | ow | evel s of
sul fur and/ ¢ Iosdyegan-donrming gasl{ e elf thogdsi sigamaeg@insriddudien it shovkire

enmbodi ment s, tpig h qroisonegi%atiﬁg ca Qqacﬁpd%chd anLa.RoLLion of the
di esel boi I PRGSMERGEP (YA Sads T Y ?é&&urp? SANE FBIBE DA HES. [0070] 1n
the opti onakomyesial SaBRLp 21T Bl Shaa likd® MiRs P4, Rablchd@ riviigeopr oduct can
be exposed to one or nore reaction zones, optlonaily present in a separate

reactor, thdbSaostaypeg geedreamsiyanldpe opeonal aticokoriaeidig 4 sntirirabushe presence

f hydr oi izati tal yst, talytic d ' b
acconpl | shedunySCutBds ATaRveribaa ot g Y IE Py B PSR Wy ong chai n
ol ecul es WiSthibBir JfeB&lhpdi6 fer@SorRaitlingshk sReirh tagrddapgeréamly Dewaxi ng

catal ysts can include, but are not necessarily limted to, nolecul ar sieves
such as cr ysteaifidapndytheepmeesirhiiomeled.Y 2wl C@sin the g83 stragonl 4Mi nophosphat es

(SAPO5). -27_ - These l.ecul ar, si.eve catal ysts al sQ carry a netal

hydr ogenat | SBBEORENTOE SaRoad ISP B torr WHEES D BEch%as N and/or o,
in sone prelesfasneEDHATRRH SR laMhCld chprd B Shndigdr O8RRathaO00GeMPONeNt

can additionally include a Goup VIB netal such as Mo and/or W, in sone
cases a G otypisallynosstshevasdnghbstaniichameumps by tleis drperd)scrubberdi t i ons f or

hydr oi someri zati on/ dewaxi ng can i nclude tenperatures from about 250C to
about 450C, exa b 0g¢ boyt.. essures from
about 100 péé%ﬁﬂo agg%?”%%@%k%s?ﬁkﬁéﬁﬁﬁ@&ggﬁ’%gggégﬁggg%g?qggg§ MPag), LHSV
val ues fromfiebotdfindrylbdsed Ayd@gab estircds®ahibe benlidaltfoembingeisingahé os from
about 500 scf/bbl to. about 5000 scf/bbl (about 85 NnB/nB to about 850

N8/ n8) . [ 08viYifbrreaetviouy thasdialypent Srefered watesgas shift spabistspseerding
catalytic to the invention can include predominantly transition metal oxides, such as iron,

chromium, copper, zinc, and combinations thereof. In the presence of H,S, at



hydr oi soneri zati on/ dewaxi ng can conprise an alumnosilicate, e.g., having
an MRE framework zeolite such as ZSM 48, which is a 10-nmenbered ring

nol ecul arweize20b@éi ng a 1-D channel structure. ZSM 48- P¢paScwillaeisar

si eves can performdewaxing primarily by isonerizing nolecules within the
feed. Typical silica to alumna ratios for the alum nosilicate can be from
about 250:1 or less, or from200:1. Prefeerably, the silica to alumna ratio
of the alum nosilicate can be | ess than about 110:1, for exanple |ess than
about 110:1 to about 20:1 or from about 100:1 to about 40:1. To forma
catal yst, 1 i@sfphetish 3 1R Gty & AhenCOTRPSIAH s Pkt AeaRiBPlo beTelst abI e

bi nders can 1 nclude, but are hot N'imted to sili'ca, alum na,

si | i ca- al unmidesirabld foaneain zatabystsisach ey watenigat dik cathbyswsoh i@t Yeerousui t abl e

bi nders will be appare to those of skill jn the art. [0072 a

par t1 cul ar | §TRGIEHARRHS TBRBRGT niors Rbos B bbind reltivel 1o

hydr oi somer \Zgk 'h%{dé‘éﬂ‘l%htﬁﬁliﬁ RANEBNreGAR chARIsAMEn h@igﬁqﬁ‘?caﬁb’féﬁﬁétﬁ%”er i zed/
dewaxed product one or nore of the“follow ng: sulfur "content (i.e., by

| oweri ng it)n suétranetenyeizercor@msebndme tora avncentadbd of buiurpoopenbtdsest (such as
pour point, ¢loud int, lowtenperature viscosity, and.the |jke). -28-
00731 mnot Aar PoiteBdes br st abC Gt teles TG SteaOitendside i xi ng
the di esel Boiubbliohy@HEs RIRHHED o Lo dUal S AkrBl Rk g% and then
hydrotreating the n}i;xed fegd. T ig\gﬁ opt1 osn acgjﬁrl bre p},relzf eerar ed, particularly in
cases wher e comichirafiothyfilest them 60 ngpifre Idese ¢ddCyntoftionhef hilbranpdh8nn f eed does

not sufficient ower the heteroat e.dg,, .0 en ontent. By renoving a
i or 1ty of SUHEUHLTERD ORI EEOUgR Py s 45 ey SRR Oy dr of reat i g
(e.g., HDO n8f88€nery B%ﬁ%ﬁé)o?ﬂn&bfru%liﬁl!gﬁdg%n-%%hiaﬁﬁﬁgf g&isu&retaﬁhsf[ he remai ni ng
het eroatons (e.g., oxygen) can be reducedor mnimzed. Thus, a subsequent

hydrotreatnent for the m xed bi oconponent and m neral feed can
advant ageou$0846l e noépagunteringraahy dssiyrgeessmgde-gr. apdiPOermaveer aekdirdingnal sul f ur

and/or nitr n for the mneral, feed. Subseguent hydretreatnent .of the
i xed bi ocolbaRaTcahd AHar A mebi o b Eny e Lr S b e o
di esel boi | ihgrehtiid o BXRIWTD mol¥, Forckix@mle RAItd kXl aPGR PHOHK ot €N be
added to the diesel fuel pool, or it can undergo any of the types of

further progeesiagorenmobhctptadeveeed pbors] mal®emsd & seased abpidrlanal *mi ner al

feed is mxed with t bi onent .feed prior a _hydrotreat nent step,
the m neral el eet et SFADRGRIE: 1 GRSl P o RER B e ot e
m neral feedséutad® phar Thlsanstiond sueh & whdtt dsosmanenh deeshsidgam can have a
nitrogen content from about 50 to about 6000 wppm nitrogen, for exanple

from about BB8cacds tissuitevelbogmayphef SUcerndly Hangfiriabewt, fesinceeasivgiilie 1000 wppm
nitrogen. In_an enhodi ment ntreat.ed njneral. f st reans have a sul fur
Cont ent 1 r oATRBBER b0 repied FBbBEIE ReBlor-oFhe MER BRI 1+ om about
200 to aboutea3@6R @ppoRiMatssitequslifri@paiRestt whefd HA akPuD Aad0 wppm

Sui tabl e diesel boiling range feedstreans can boil within the range of

about 215F (essublyrem@)d todorahdlitand @ik, (.abblu® 260Gk Hr 61er abl y, the di ese
boiling range feedstream has an initial boiling point of at |east about

250F (about ) I t, 3 . 90 . about
asor (about G768  ecisq ERTs AR SR RRT ook 5oty inelasZin $BIT, Zooun
451F (about tR3@a@)iciphtiref graisk yh the heactdbesah tdnditd trige thengactioaedsédueam has a

final boiling point of about 800F (about - 29 - 427C) or |less, for exanple
about 775F {Ebsorcentaimn. ofhysepoviting ppercessofCPapyuiend dodvethiy ess. In an

enbodi nent, [ L e d t id. | range from
about a5iF (95905 ARl I BuIPa0] SRR L RARRATHRAIE Hlht B0° ) Coel
boi | i ng r angeactiordstucagmhealOaksed shoaldwdRarce ths aneuwitaidh prodpedrnds to
provide a feedstreamw th a boiling range from about 250F (121C) to about
800F (4270C) thqyaresgasshidhiraaiioent s where a hydrotreated nineral feed
conprises at least a portion of the remainder of the hydrodeoxygenation
reaction feegipgspck, 1hherthRaialih&rd tﬁ@%koﬁﬁct?dﬁwckah%equﬂﬂé}r ogen source in
the presence of "a hydrotreating catal yst under hyd?otreatlng conditions, in
order to redotmcedhby igwelusingfstesmul Mt thamedotor dirtngadedrdéprecsssings@pa desi rabl e
| evel, e.g., where they nmay not substantially hinder the subsequent

hydr odeoxygenati on reaction. Such hydrotreating conditions can include, but
are not limted to, one or nore of an LHSV fromabout 0.1 hr-1 to about 10
hr-1, a total pressure from about 250 psig to about 2000 psig (about 1.7
MPag to about 13.8 MPag), a tenperature from about 550F to about 750F
(about 288C to about 399C), and a hydrogen treat gas rate from about 750
scf/bbl to about 3000 scf/bbl (about 130 N8/ n8 to about 510 N8B/ nB) of at

| east about 80 nol % hydrogen. [0076] The sources of hydrogen for the

e



any ot her reactors/stages requiring hydrogen, such as for

hydr oi soneri zati on and/ or for hydrotreatnent, when present, can cone from

t he sane wouwn#0986g., a refinery hydrogen network, or eam/usoem/0i3oem
different sources. Nevertheless, it is preferable that all hydrogen sources
according to the invention are of relatively high hydrogen purity, although
it is contenplated that sonme or all of.-guch hydrogen sources can be |ess
pure, in which case the reaction conditions can be altered to conpensate
for the | ower hydrogen content in the treat gas and/or additional hydrogen
can_be_added i froh s hEREDRK (P R COIRERSRhRA can Sl drivBERCL T on syst em

[ 0077] The reactor used for hydrodeoxygenating the bi oconponent feed can be
a hydr opr oc ésmiatign rod addiapnal Hic Hnasma emdbadinents whembsteant sradped, fitnay ng a
hydr ot reat ment praocess.. The reactor.can be configured to operate in a

Co curr ont | BF PeBURESS Fedurs Batanar Seitn SWEOR otk E U eSRRGr e t or

count er - Cur LEc ORQFAeH Y debRfzdhBAGH Of the BbBfRnkhred LR RACIOL i n one
enbodi ment, "'wth the bioconponent feed flowng in the opposite direction
rel ati ve tosbotwatdreorbduitiogen- contai ning gas flow and, if present, the
steamflow |If the reactor is configured for co-current operation, either
fixed or flw Hz d beds nmay be used. [0078] The reaction system can include
several inp ALYSr the reactor. In addition to the bi oconponent feedst ock,

i nput conduits can al so be available for the hydrogen-containing gas and
optional | y @493t earm vaHeud ¢ipbddicendhtdroduoxy fmatiyacagenpatihaidihng gas can
receive the gas streamfrom an optional scrubber that can renove at |east a
portion of thfePresenceafa slatiehslovacesy eatplypt. sichasea wtpr gassbdheatplyst he gas
stream The ' I el I .reactor is
a1 xed boa Paaseh Ao BAAAEEHe calsE el Ul el Mol DEEF TS

catal yst. Thetivityl | Wark ghy shifttabgviteBaysicalgatenoficiabfilr praluirgejdditainal , e. g.
to produce three output streanms, including a vapor effluent, an aqueous

ef fl uent, ahydwzen £ COifTam g CoD dathechydiegsnoonce @ador Bhthsy st em
suitable for,performng an enbodi ment of the invention is schematically
shown in Figure 1. In Figure 1, reactor 105 has several input conduits.
Feed conduit 112 provi des a bi oconponent feedstock for processing. Steam
conduit 114[¢aH% i onal predamcdowater gas shife axmlyst ineladéan 08¢ ofJooud suith 4516

provi des to t reactar a hydrogen saurce conprisi a relatjvely | ow

hydr ogen coﬁ?gﬁtlaﬁkqmﬂﬁyw gt @PS§B§@F38¢yFﬁ%bﬁﬁagﬁﬁgﬁ@E%nbgpﬁing gas can
pass thr oughy 3G adb ik chialyOmhi A0GthdvelydPbechi SIAEHI) Sak FRGL 116 for
passage to reactor 105. égsed on the arrangenent of input feeds, reactor
105 i s conf isgppoectdfcarlystrutk ns ZuOramdtor 6pikl, &td. oruppdoevemealpmina, wionl be
appreciated that -31 - co-current reactor operatjon.can be effected with
appropri at eOP‘g‘ngF‘?H@%HFm&d W%@Qy&aﬁhq ke omabipationsithessal | Yategn

addi ti onal gxgﬁﬁﬂ%ﬂtai}%%dcaﬁ?a%vé@é(gé%ﬁsl@rb@@xﬂgﬁdttg atrBfick nm@nd- . 10

i ncrease the hydrogen partial pressufe as necessary. shown 1 n Figure 1,

t he addi ti opabr topdeodienafse dibcdiifpomayt fhalsdgpied lyahavalowrstiBnneditatte thoi nt i n

t he reactor. wever, additional. hydrogen can i tional or alternately
o nt roducEHDARSTGNATE At € TR BRI RS (Egndlrs “siany iy BesdyRhe pasied
thr ough opt kst SIGIHERGH: KD (e 211988 Bbiih BbRES (NlRIETCAAM/ Or ot her
gases. [0080] Products fro%1reactor 105 can exit via one or nore conduits.
Vapor conduiptef&@Blyprauiatiest laycaexo abdud b ygaisefor amsthricke ditoin pisaodi 8 tnsontles g. , t hat
can be sent tq)a 2iffe ent unit for purification and/or recycled to another
portion of {fhEPPEFNGRSY or that can used as fuel gas. Liquid conduit 124
provides an exit for liquid effluent and links to a separator 135, where an
aqueous ef f [ap51] 1326RN:cacraf¢pai@bRHDOURNAYH @sdhclpé tHosg range product
134. Separator 135 can al so separate out any renmining gases and/or |ight
product s fr bidigitresieng easalysthgompngag pnoduaorel @roupASlIkmetars and equre 1,

di esel boili duct 134 b i nt ti qral
nydr of soner MAF (R YRR EsPi. 487 Bl ARmBRREE By BB B ANE “pditge pr oduct
can be exposesl préfembly cirps@nEs tadbinatos af Bl ¥sd Mo)of 06 aRi 8seea of hydrogen

from hydrogen i nput 147 to produce hydroi sonerized diesel boiling range
product 142.



[ 0081] Anot her reaction systemsuitable for perform ng an enbodi nent of the
invention is schematically shown in Figure 2. In Figure 2, reactor 205 has
several iwpubi2owedddits. Feed conduit 212 provides a bi oeorpse@ni4fgedst ock
for processing. Steamconduit 214 (optional) can provide steamto reactor
205. Conduit 216 provides to the reactor a hydrogen source conprising a
relatively | ow hydrogen content gas. Asigneeded or desired, the

hydr ogen- cont ai ni ng gas can pass through scrubber 217 (optional) prior to
entering conduit 216 for passage to reactor 205. Based on the arrangenent
of i nput feedfary SAbiRHioRQRCH & NBLq, ak®Md SULEH af &6, M8 &l went operation;
however, it mnf? be appreciated that countercurrent reactor operation can
be ef f ect ed ThetHachppdopeatatent caalystangdeartiullotatalyst drapobt sippdeiedume 2.
[0082] Ef fluent 224 fromreactor. 205 can enter separator. 2&%, ich can
separ at e outa“\%lﬂérwﬁlhﬁ%@u@ﬂ%ﬁ‘&‘FaQZz‘rfO{“é‘z glaniay A3 CUARMBROSENEEY P di f f er ent
uni t for pughfheatifh appoAmdi&schasad Qrapot her portion of the refinery or
that can used as fuel gas), an aqueous effluent 232 for waste or further
treatnment (not shown), and diesel boiling range product 234. As shown in
Figure 2, dil@¥Rl boidn sideastpgdialy eplent NidBvcagalpst gpr bonstd tp ipidlaiei xed with a

m neral diesel. bojiling range fe 252 and t hen be passed,into second
oty et o Slispith 53088t GRS (aRFAT S8 PRE abS BRERER kD4 ooen 254,
The m xed f gefifam BRriindi&hp&atues ahd 14re@6ieintd 98héN aRy RIMASA! fibiwed di esel

boi | i ng range product 262. is mxed dresel boiling range product can
optional | y beapznsetibiopewpepens fesds ohdtiafgeanlefiosatynabon ehlowsy t o r enove

cont an nant ,gases,. Ssu as rior t ei ng used direct or added to
the diesel FBRTRuE YT 8% ENg Al ot e RRePeal T FofbOESh overal

i nt egrat i on n@kiAumaambé@iirs %5l 88T@CRE RiddPardPordfer@ith peicenie of mbiee
invention within a refinery. In Figure 3, the connectivity 1s shown between

a refinery bawompengndeeid hydr oprocessi ng reactor 305 for processing a
bi oconponent feed. Refinery reactor 375, having hydrogen-containing gas

exit condui ca . i hf I can enmanat e
a strean1cowp§§1ingqyﬁ%ﬂ%%%ggém§8¥%%ﬁ&kﬁggégggﬁﬁ%gkﬁﬁﬁgghﬁgéggén. The

hydr ogen- cohyaioakin gagiabpresstrpasalfitizaioghnd ao ot dBViY thedptidtiegak | y t hr ough
scrubber 317, and intqg intervening conduit 383. In Figure 3, an optional
punp 387 i s PHIceBIPeRYHreed treagaenty ﬁrﬁa&mg the csi8pTy ovHBINebewthe of the

hydr ogen- co (Nl . i I i t he
optionally @ %:(?éﬁ E%)@gheg% %403gr18{§§%§{t%e Cﬁ%(lfr% ggﬁé@gﬁ@ﬁ‘%{g&gﬁ@% ow to
hydr opr oces sumder efadtgots3@hichydr dprasessdffigicnepof the udlparal goertadlel ves

bi oconponent feed 322, and optignally also steam (not shown). After -33 -
hydr opr oces&egisettp strugtaial iseasrif peaiecactar wadlspads bighthydegsa paitid 335 vi a

T qui d_ef 11 yent, GOnAule F2endlri e, SIRALMIRILS urlob Al dnghbkaieR! condu t

324 can al sO 1nc e a vapor e Separator 3 can also separate
out this vapag., GO+3pn,edalil, + Ippedmll @CE33Hah GHLso 2ph0oltmeoecuid,esel boi | i ng
range product 334, which can optionally be_ passed to another

hydr opr oces g ¢aadelvio redugerhyssogeniopayBIREHer | zati on reactor 345. In such
situation, the hydroisonerized diesel boiling range product 342 can be used
di rectly or gigd4) ver gshd &hroRGoding$htifdl§How el calaRRBAFhONRe 4 sp&iermat i cal Iy
shows an enbodi nent in which a pre-hydrotreated mneral oil feedstock is

m xed with sohventongdvydnitrehergisitalykt (oef,d¥idMuntonCoMe). hydrhockedxstgenat i on

with a reduced hydrogen caontent gas .and/or a reduced activity catalyst. In
Fi gure 4, nirelR WBPIE LEGStGLC 0D forrnientea DU BEPEAPHRSNE [ eact or
405, al ong R RYBPIDoCADNG! it Hayt {iBPhavB R iftPet aViNilyefok Blefinf €act or 405
can be a conventional hydrotreatnent” reactor, typically using a relatively

hi gh acti vi sstucsioalapdtor HI¥Oper f or m ng hydr odeni t r ogenati on and
hydr odesul furi zation and typically using conventional treat gas containing

a relativel igh hydrogen content..(i.e., at |east 80 | % or vol %
nydrogen. - althidual MR SR o Mo » s B p BTN RERIR v wi th e
remai nder behfag st @hehdsvRbky rddeféthteddfiere ichctd@fioRdf PAAEiBhIG, Adivelshes)cat al yst
activity to be lower than conventional and/or for the hydrogen content to
be | ower than conventional. Hydrotreated mneral oil effluent can exit
react or 405 through conduit 408, which | eads to separator 410, which may

i nclude a single separator or a series of separators, such as relatively

hi gher tenperature and relatively |lower tenperature separators. [0085]1t
shoul d be appreciated that there may be other inputs to and/or exits from
react or 405, which are not shown in Figure 4, e.g., an exit for
hydr ot reat mrent vapor phase effluent, which can optionally be recycled as a
hydr ogen-containing gas to reactor 430 and/or can be used in other refinery



- 34 - operations, e.g., as fuel gas. Separator 410 can yield a (liquid
phase) hydrotreated mneral oil stream 412 and a vapor phase effluent 418,
t he hydr oyerrowydopila whi ch can advant ageously be recycl e#Craseéig/oszoeat gas

| oop, e.g., whence treat gas 402 can originate. In a refinery that
processes only mneral oil feeds, hydrotreated mneral oil stream 412 woul d
be directly diverted through conduit 41fy . nto the ADO pool 450. The ADO
pool 450 may include a stripper (not shown), if desired. Al so, if
hydrotreated mneral oil 415 was desired to have further treatnent, such as
further hyd%ﬁ%??eﬁﬁ%ﬂﬁtedq%‘ﬁ@tﬁa!ﬁgn oPCathRRichilK S th Qe SRAMNbinddRLwiBRN
additionally or afternately be undertaken before proceeding to ADO pool

450. [ 0086] kiddwveal,deposieobotiichenhsmefabrse agitmepmbximdte thedydiasanmarnent

feedstocks are to o- processed,. al.l or a portjon_ of hydrotreated m neral
of I st eam #38vibg FbdsPhePe ot fyupBiubi pRuHtir s R et Bretas. The
bi oconponenty,d r%ggt%frﬁfdﬁ ﬁm%?orfréjg%ﬂa%i% pffc?c%ss((&@j'aﬁﬁ sEAidaRPEGRAM todh ST OF age

tank or an unnaned source of "bi oconponent T éedstock) can be m xed with
hydr ot r eat egraoveser$imilaily, shilefeskMdvedtien] hydrdiregerg-codysai hmiving gas 425,

preferably cqontaining relatively Lo drogen content, such.gs from about
20" ol o6 & S0BUNIBOIERSATAAGA ™ B GOTCAGH & Ve AnBro PSR POk bih oo gas
or off-gas, ¢cafeRepRAGRY thik &hs AREAGARN 2AGM [jNRakc@RaBB sTBdendB{ough |ine
428, e.g., steam additional hydrogen, mneral "oil tfeed t'hat had not been

pr e- hydr ot r eanddifional ibdrementabincomase mndvisnatusorgssuchecteaf cakalyfs.qgure 4, t hese
additions to the hydrotreated mneral oil stream 412 are shown as occurring

rior to en j t he reactor 0, but.~if, .S _enyisi on that .this mxin
Pourd aad 1 1GHTP, | 65 GRABERIR. 275 repBELrbbiol Ref TP Bt b alab® & 1 e Ey
to reactor é@épriisﬁqﬁ%m%dénbﬁl ARRiBe et or hakel, hepectiRyy, e cahRec | nputs to

and/or exits from hydrotreatnent reactor 430, which are not shown in Figure
4, e.g., anmsils. Wdlerwptheomes fabrisated\pa paideplrasle catblysiser typillgh can

optionally be_.recycl . rogen-cont aining.gas. to r tor. 430 and/ or
o be usea O e Ryl dhRRER Y, SRR 8% & SSRGS foptS

[0087] The (kicHithiphiasny, akpdpibnfat Rdiude XgshdHsnat dhinansnHiRs enpasent
effluent 435 fromreactor 430, |iKe stream 408, can be further processed

usi ng separ smasridygichges pserastors. 4nowernaf fustraiian, sedhduidgotprasiog ratalydisot r eat ed

bl e diesel hoili ff . and
opt 1 onal 1y 4T B afEAR b Por B Y S OB RO ISR P vapor phase

ef fluent 443 1i63,33006,2¢906Q 16,58 ebi110885, 4483 665 des3 &2y 6l0ed 738, a
hydr ogen- cont ai ni ng gas to reactor 430, and/or the effl uent 442 can be used
in ot her refiZ285¢#80peBat Bkl BY%, andd. ShéB2gds. PEsnr Applicatiost r eam 445,

when presen an. he.se fycther pr I waste (not shown).
Renewabl e dﬁpggg atll%lﬁﬁshgéosgt/%%ﬂ#5@@5@@%@%2@@3&@%@}5@ %%ésent to ADO pool
450, optionabbyobsiqng, seiMidastioMal Pusiyutie® Nok OWPH4/00E48! €- hydr ot r eat ed
mneral oil stream 415 not m xed with bi oconponent feedstock via 422. Al so,

i f renewabl &Vi2082(088631,iWg 2007 @81 3% 8V WaX)0d &4 39 and WENAD O (ISt e,

treatment, such as fu r drotrea t ewaxing, or the l.ike (not
shown) ¢ hat e ool oy PG T i ERLTRG n B bdine b Rpeibie

proceedi ng g AldeP®eltraddthmdsGO88h &IV KR g h] 8C RENBL(TEAK Fy7 syimows  an

enbodi nent in which a mneral oil feedstock can be hydrotreated in parallel

with a bi oc&ipoheht RiTexds pat R TheMigomydbedadx ggBaanddugetlhAi n t he presence

of a reduce L Vit XS =hgur rode enatj on reactor 520
contains a ﬂ?@%gggox¥3%§§?#onigﬁbgygstm%gng?&ggﬁgygrréggﬂgﬁift cat al yst
and/or an atdue@a! TRATKLSIITY fEiE MaldrIRIpYSd o EWhINeh, A XYHIR 60X rganat i on
activity, such as spent hydrotreating catalyst) and has several input

condui ts. FéegngehdapstosIo;mndvhelbke.a fresh bi oconponent feedstock for
processing. Steam conduit (not shown, optional) can provide steamto

react or 520;[005f7r1|des'As‘?(]ﬁ’e {r&% ‘dbént%%ln%ﬂé{ae‘!ﬁﬁuﬁ%ﬁtoﬂ%yaﬁ&fé%1% @neﬂ%gr ogen
source conprising a relatively pure rogen content “gas e.&., at | east
about 80 nokiahydr aghms oMb aadoBNiNMeadht h9GrodedHpdeyaticngaid) . Based on the
arrangenment of input feeds, reactor 520 is configured for co-current
operation; however, it will be appreciated that counter-current reactor
operation can be effected with WD 2012/ 009516PCT/ US2011/ 043979 - 36 -
appropriate rearrangenent of the inputs, such as into reactor 105 of Figure
1. Hydrodeoxygenated product fromreactor 520 can exit via conduit 525.

[ 0089] As shown in Figure 5, in parallel, mneral feedstock 500 can enter



hydrotreat ment reactor 505 for catal ytic hydroprocessing using a
hydrotreating catal yst (e.g., a bulk and/or supported catal yst containing
G oup VI IWOGoue9drhB netal s and typically sul fided, suclrCaarsaoiiodss;79 a CoMo,
and/or a Nl MoWcatal yst). Steam conduit (not shown, optional) can provide
steamto reactor 505, if desired. Conduit 502 provides to the reactor a
hydr ogen source, generally conprising ao-elatively pure hydrogen content
gas (e.g., at |east about 80 nol % hydrogen, such as at |east 95 nol %
hydrogen). Based on the arrangenent of input feeds, reactor 505 is
configured §9froeBadtioh (BREinRPRIA a?&nat@%ﬁ@ﬁ@@'ctan%&ltloﬁﬁgﬁ&pr eci ated that
count er-curreént reactor operation can be ef ted wth appropriate

r ear r angene atterohtetyhlee aawpumkshesiursingaﬁe shntergenﬂated and/00 &Jmfenﬁtegumesptnt

drotreate roduct. from,r eact or Xi,t .via co it 508. [0090] Wil e
Y oy Btz B s Bralga e B diei ot AR 08 hat b
hydr ot r eat e@at&h@ﬂ%ﬁ 1ﬁ&u&é’tﬂ9!&bﬁla§ggv&ﬂﬁv¥ﬂ§% ﬁiﬂr&g@%@%@4¥)§@r R@duct in

conduit 525 can individually undergo separation igure 5 shows that these
streans can f@eexaspied) dolescarid wrddsssepmﬂy dmt prefdnaily seyhading armedatlum 540

into a hot vapor . nent tht can t t hr ou on 542,

opt tonal 1y SRR 568 TTRABE SIS AR T E B gl G- Habe
conponent tQ@&ht@%E‘tanSM shropghy 1coRANkY, 156487 '%SMQQSEUaz pqrhipon of the
separated hot |iquid phase conponent can advantageously be recycled to the
hydr odeoxygé’ﬂBi\mS@nZSb’hé&oZSMZIB ©ohncoghimato thare@ddefeeally zeolite beder to be

further hydr d/or in order,.to ac as a iluent to manage the
| ar ge exot hgﬂ%gg 4? fﬂv{ o B EA D %Q)t%& LRt §1EVESAY ons.

Optional Iy Rye Ma@lo%f%@vlé (z &) RGFFaROK A %p@ém&l%rﬂﬂ@é agBRLAksd | iquid
phase conponent, which has sufficiently | ow oxygen, nitrogen, and sul fur
content, caﬁOﬁ@Osﬁ)mbxampltheldasté)O Hiodr, at deagt IOSaH)(Hl‘éfheﬁl pfegeit, it tim baigh

conduit 562. owever., .this o ort e -37 -
cepar at eq. hBICTRBlA T B Atet COMOMEAET oy HUE W00 BT 1 SrBERYFA G
het er oat om |1@H%2? ot 18sMUrCRamBRERJ ﬁlz/g%r@é%g bP@@lrﬂz)’g HubssPi@fgigbl y first sent

t hrough conduit 546 to stripper 560 before being directed to the fuel pool
t hr ough condompriS6a. lee[s®6@d])KMh¢ae aluming, tshmmndmﬂéoglar A delitidmatly Ic»ydr ogen

sources 502 and 512 tors 505 an |veI
O eoendont AemaRe i L a6 RikoRpRer A e et asS e, 4
refinery di shibRut i BRonRALWALS] B QORBmSAY HRES &@@%%%Wﬂpéﬁhé Shows t he

vapor phase cohponent that exits hot separator dru 40 through conduit 542
bei ng di r ecPedodio TabkeabfoElsreplasaIrocmmdlmeﬁﬁeyhmDnl}ya(ﬁwpf\/lr}bmetat mate a cold
vapor phase. co nent .t hat |t thr h conduit 5 optionally a cold
nabeous phadt gy Tahgtgtp VAR o Pab B nEeH R RENEROTPRPE Lan oxi |
t hr ough con@%ﬁwéﬁﬂd H 8R6ddiRend WIRKOM, &Rﬁ@oﬂampﬁln%{é@m@al i%f rbhiges Rl d
separated |iquid phase conponent, which has sufficiently |ow oxygen,

ni trogen, aladdmuhtmthecﬁmhphﬂll maal be Genp YId mbel farebe Noadd/oeCqg. , as di esel

fuel, throu 0 As. with the hot separated |iquid e
component - Ty o ang s Rigkrabarataanerbamgopmuse 148 VARE may not
have sufficigndl yuchQWMEHERY OGN0 BHdrEMBlysar 1443t Whi 89 wad € ilidstrhBo@Rbipnal |y but

preferably first sent through éonduit "556 (where it is combined wth the
hot separ at hadﬂon&qmemzpm};@ttdwtparesiﬂscmbezdnfcu’(mdmpte Bd@)e aronserof pper 560

vapor  phase PEGRb Rty Thobadd 5ot g b R a7 030 TR e uel

gas; purifi %d77bC54QS9|9?’? 82911 8, 5I0T @ 7hioahes oy el se TompprenbsoGsych as
hydrogen) therefrom’ recycl éd and/or cascaded 'to 't he hydrodeoxygenation

react or 520,7,238¢ 3y drd9.8 &&t R, 340e 38106508 d 862,478, and;ﬁh&rPat@ftl nery

R T e A R

hot separ at gbogbym@@mlﬁold separ at or drum 550, |t is of course
contenpl ated that nore than two separation stages may be used, or

alternately that only one separation stage nay be used, in whi ch latter
case the vapor phase



- 38 - component 542 from sol e separator drum 540 can be di sposed of as
detailed for cold vapor phase conponent in conduit 552 above, with

separ at orwb2012zme516ondui t s 552 and 554 bei ng renoved fr @cTRISQUNA4879

[ 0094] Figure 6 schematically shows an enbodi nent in which a mneral oi
feedstock can be hydrotreated in parallel wth a bioconponent feedstock
bei ng hydrodeoxygenated with in the presence of a reduced activity
catalyst. In Figure 6, hydrodeoxygenation reactor 620 contains a

hydr odeoxygenati on catal yst (e.g., a water gas shift catal yst and/or an at
| east parti @lhMigRenlitkakal yst having a hydrodeoxygenation activity, such
as spent hydrotreating catal yst) and has several input conduits. Feed
conduit 610 grovides a fresh bioconmponent feedstock for processing. Steam
condui t (not0®¥8dwn, Towtieedstick (eElnasspeeittm effveligh isccanrpsedrf 62@shi f desi red.

Conduit 612,praovides .t e, reactor hygr ogen source ¢ risi a

Toatt very BBt RORs desds Rtk SRt bt Bp JEE SHE. BRALEB AR H5VEE S,
hydrogen, sugh wsh éle re@afldePSompidndy dc9orRA kiredRe aMe bptiGRMGU hitad can al so
provi de an additional hydrocarbon feed. Based on the arrangenent of i nput

f eeds, reactendsegrn), epenlyginasd andhydogencomnninggasaoisa camboever, it will

be appreciated that. counter-current reactor, operation can.be.effected with
appropr i at o e ahGE ReeClsr i AR & naR M e Ol B A8 08 o i gur e
1. Hydr odeoxyreahafthlRrpesalydfdtRatihe sahgkt eﬁlaﬁbrra@mh@xg&)ewf@a@g@QUIt 625.

[ 0095] As shown in Figure 6, in parallel, mneral feedstock 600 can enter
hydr ot r eat mbaving dsdtodeoa@snatem asavey y il he bipgampprateesiatyng fied gam

hydr ot r eat i talyst.(e.g., | k / t t al.yst t ai ni
& oup it CuiBipETiet Sl sl bR RERAREN SRRV Wb, "5 o,
and/or a N MaMéGas akysdn) frorpiiRa g ONHibinke éMPEJifRAMNhe @BANIEBBA danGN provi de

steamto reactor 605, if desired. Conduit 602 provides to the reactor a
hydr ogen sogffeetiveffentanzaving sidniantislingl af theloayere| p agrmativgdr ogen cont ent

gas (e.g., at.least about . mol % hydr.ogen,. such as at | t 95 | %

var ogen; | embains A8 Sl odh BY SPEHRR o HER TR Fasaf e’
confi gured QS o0:5@ek Uor BXHMMPaT RhitB0; wOWR AL 85 Wto drl at 1ea300 wPS. &ppr eci at ed
that counter-current reactor operation can be effected with appropriate

r ear r angenesuchodltermpsivie gpipodimenis thaxeoridifians cem &traeal lv0® affecivgfore 1.

Hydr ot r eat ed_produ fpomrea [ 605 can _exit, yoa gonduit .o, 0096] Wi | e
1t “should. beHRRPREy MO SRR el Fae A b Y e PR Tt e
hydr ot r eat edr p@duCuch AItEPAE EmBREm2AE, theeriedicadeseongrmentededtaduct in
conduit 625 can individually undergo separation, Figure 6 shows that these

streans canbbanined el aframnerns disiseldwilsegorange fagd and nytbegwpprioagseed draum 640
i nt hot h t hat it t h duj 2,
opt onal Ty SRSt RAREE (SORR LB neh R Ry B rahilg B R Ssed e

conponent that can exit through conduit 644. At |east a portion of the
separ at ed h¢e0d9] qui dnghagrne aheanthn bicampadviattapie @upbyedhe tHeaaydysed t hr ough
conduit 648. However, unlike in Fi%ure 5, this recycle first goes through a
hydr oi sonmer CPHPH AtepadRbRY BIGEN-GILHRINEERE APHES.-dhh (RN ABFRR bEat i on

catal yst (e, . i te- t i N G oup VI
netal or a ﬁ%ﬁgth‘geb@gpé&%ﬁ%gWhﬁe&q%ﬁ%af%%%dé&%ﬁ%ﬁ)wtg grroéteé %‘I%?Mg?gner ally
sul fided, suwbtifings Tae Bondidogy @i iRdudpaonBSadfraalbbtie). Y hdéwaabiong1@¢at al yst, a
Pt - pronot ed, ZSM 48 dewaxi ng catal yst, and/or_a_ N Wpronoted ZSM 48 dewaxi ng
catal yst) ah# -ifer $3@nlf frRmabophP sdEn (e divé d- 632, amee eighhgvarpgs bed
dewaxed/i so ' - ' I to be
further hydg%ﬁ%%%@gﬁ%ﬁ?ﬁ%?n%%hﬁg%gﬁg?v ngéﬁggﬁg%%ﬂﬂgg?gyg@%%ﬁggﬁom1
properties (erefh as ttompéeratued’ tfione albdun 340 I0iodbout PWEF (aled@RBYX our poi nt,
| ower relative cold filter phgggin% point., or the li or_a conbi nati on

G

he |ike
thereof) forDARIRAdIGY fefaamplriEtmyabent MpdF seiabowy §an 3t @howi BRShienent
products to I ol . £ { l.d-
properties,a@ﬁ%ﬁg?q#%%%%fh%?QSQQFﬁgé%Pu%ﬁikgggggt?ﬁgQ%gﬁggggi%fﬁ%rnB comon
i N bi oconpoffieni athyd 580RF0NYBeBERE000R (iteac R8&NTSto 4bo0OF]I00Y,i cerfadnh Wbt
preferably, another portion of the hot separated |iquid phase conponent,
whi ch has sufficiently | ow oxygen, nitrogen, and sulfur content, can be
sent to the fuel pool, e.g., as diesel fuel, through conduit 662. In - 40 -
Figure 6, however, this other portion of the separated hot |iquid phase
conponent may not have sufficiently | ow heteroatomlevels, in which case it
is optionally but preferably first sent through conduit 646 to stripper 660
before being directed to the fuel pool through conduit 662. Wile it is
shown in Figure 6 that hydrogen sources 602, 612, and 622 for reactors 605,
620, and 630, respectively, are independent, they can instead be drawn from




[ 0098] Fi gure 6 shows the vapor phase conponent that exits hot separator
drum 640 through conduit 642 being directed to a cold separator drum 650,
whi ch it sebRopa9siseate a col d vapor phase conponent thaCTa®sr018208397¢ hr ough
conduit 652, optionally a cold aqueous phase (not shown), and a cold |iquid
phase conponent that can exit through conduit 654. A portion (though none
in Figure 6) of the cold separated |iquiod phase conponent, which has
sufficiently | ow oxygen, nitrogen, and sul fur content, can be sent to the
fuel pool, e.g., as diesel fuel, through conduit 662. As with the hot
separat ed | igfifickonbagcs ROTRARARY ) sIIIOUE $4PC){ RBrLhehne RASELGH, | T aui d
phase conponent nmay not have sufficiently | ow heteroatomlevels, in which
case it is optge@ankdépredsut a palefi@nabf yydrogsmtisr attitityr fougkygeondmioval656 (wher e
it is conbined with the hot separated |iguid ..conpone f.rom condui t
546) "t o str REDSAS G HBRGEEYBer grursies ot O uRlAL e CBGoN Mt Shon condui t
662. [0099] Theneohifl pYARY. BRARE HOTRARSAL shift LANMIalsBB%r0Al 8 Sent to
flare; used as fuel 'gas; purified to 1solate one or nore higher val ue
conponent s ¢gqubhriam fychsegeeaseher ehrpemturceay ¢dreldo alnidé dre wagcaded to t he
hydrodeoxygenat'gg)rgigéér 620, the hydrotreatnment reactor 605, the

hydr oi somer t5HSAD AR HOBBHION, ng/ or anot her refinery process needing
hydr ogen or anot her gaseous conponent; or the like; or sonme conbination

t hereof Al tgm@:p Fi Bhsed bn srayssure of 1R I8 diRgRnSeRRk athbRtad YeRgvdigt separ at or
drum 640 and col d separator drum 650, it is of course contenpl ated that
more -41 - vhematives feeiieatgns mic sndipéd reapfionprasswd, Neverdhalessntheel y that only
one separation stage nmay be used, | ich |atter case the.vapor phase
conmponent oI REERT B el SE el P e LB Bl RIFELESEFRRL Bora1 oo
for cold Vag@ﬁerﬂlmﬁﬁéaﬂ@mwﬁ@h dsNarkioRpiehlly RizRedhan Bvhatvidul$ePaseaat or 650 and
conduits 652 and 654 bei ng renoved fron1F¥gure 6. [00100] Figure 7

schemat i cal Ifgr stoaiscating erpidd maineral ail figrde Andatheirerstiah pogssuededdieock can be
hydrotreated.in parallel w.th.a bioc nent .f eedst oc ei n

v odeoxygdinsoamanrtironing o Sul AURERRAL LEE EOGN RS Pmeseds yse. 1
Figure 7, hysnageQsyaerake®brhgaiRatid2d il dliRdraPoildaogemaygenat i on
catalyst (e.g., a water gas shift catalyst and/or an at |east partially
spent cat al yabofiadnty oaihgrbesHesripgeeat fedmerchdsed stycanyyarh uses aspent
hydrotreating cat t) and has several i.nput conduits,. F conduit 710
ot ot des o FTUER OB bR AT BB dF YRR i RBLEh ot Condui ¢ not
shown, opti 1¥mé@Bd RV r sl ttte® hy@deEOEtrehdl, ofiiglde pifigde. cCandui t 712
provides to the reactor a hydrogen source conprising a relatively pure
hydr ogen comaease zespatiaalpressate didwdrogahouthegoaaien %(gt,h@s tyeereasydle as at

| east 95 nol 9 dr pge Recycl e conduit 732 can al so provide an additi onal
hydrocarboanfjgeQﬁz.“l §g§ﬁ%ﬁ§p%§o%}%%§’ ment of input feeds, reactor 720 is
configured for co-current operation; however, it will be appreciated that
count er - cur [@¥1] r eadh @en€rple klat totih reator Pecsedirk e thethydrdptoaRping pedcaire

rearrangenent of the inputs, such as into reactor 105 of Figure 1.
Hydr odeoxy g@pearaifg e Seuriesent Brventiiceanrberpem ahputeyy) RSIg/(aaO%?rf@deag)/%.

00101] As inA i Ty 1 b ' : t
hydr ot T eat maceh00 Fplsr b b LMEART R, B EYOE Boul FAFRHETaLERFan ent et
hydr ot r eat i kBaglababyst400es (abaut§ MRz fesm abPR@At Btk @bbad 3ADtkRaght ai ni ng
Goup VIII/Goup VIB netals and typically sulfided, such as a Ni Mo, a CoM,
and/or a N (WeESEY psie)abaz 2dMEaabar frofmhous hhsie b A8 MPeR0pr ovi de
steam {0 1 eg66qr3500%ia (abod% Miske) ANGUbLcaf QAnBIANE B8 Limblifnieact or a

g Reral’ 2 y

hydr ogen source, y conprfsing a relatively pure rogen content
gas (e.g., atsiledstidradeauh t18Ohyddgéen-cohaininp\gds agem, thelkydragergpartislast 95 nol %
hydrogen). Based on the arrangenment of input feeds, reactor 705 is

confi gured PEPSWE-canerwsHdlopreduits GHerenbliendpe totel igagter pressippriddeet ed t hat
counter-curr . at i e i i

Fearr angeme Thfl FRGRRY ccAREAE bARERRAR Eod b AllgE pRRRI BRbuAY B

Hydr ot r eat edxpresddat the mimidlgaredsore of By dagen éxiHe hyideogeanduiainid®Bas at

[00102] While it should be appreciated by one of ordinary skill in the art
that the hydrotreated product in conduit 708 and the hydrodeoxygenat ed
product in conduit 725 can be conbined to undergo a conbi ned separation (as
in Figures 5-6), Figure 7 shows that these streans can be separated

i ndividually. One reason for individualizing the separations of these
products can be the enhanced corrosive nature (e.g., linked to the carbon
oxi de, or specifically CO2, content) of the hydrodeoxygenated product in
conduit 725, relative to the hydrotreated product in conduit 708.



[00103]In Figure 7, hydrodeoxygenated product in conduit 725 can be sent to
a (hot) bioconponent separator drum 735 to obtain a (hot) bioconponent
vapor phase eompeiient that can exit through conduit 734pcoatseanakioy a (hot)
bi oconponent aqueous phase (not shown), and a (hot) bioconponent |iquid
phase conponent that can exit through conduit 736. At |east a portion of
the separated |iquid phase conponent cag-advant ageously be recycl ed through
conduit 738. Like in Figure 6, this recycle first goes through a

hydr oi someri zati on reactor 730, which contains a hydroisonerization

catal yst (e inld (¢ # gyhfog%b&egﬁ%g&cfb@t@waier %&&bﬂ'&ﬁta%lﬂgghlz/ Goup V111
netal or a non-noble ou tal and a Group VIB netal nerally

sul fi ded, smnhmahﬁad§mhebmhé@muﬁmaﬁqmﬂﬂme¢ang@hmhhybédmma%edgsﬂataIyst a
Pt - pronnted ZSM: 48 dewax] ng cat al and/ or r.oonot ed ZSM 48 dewaxi ng
cat Bl yot) aRATRL PSSR B ORTH M AED G B by SPpieRyOR P rndh e

dewaxed/ | SORR{bhARER rtﬁgﬁyamga{ Pl FORMR (nidi2af 88 aBlchQWbBul MRS O be
further hydrodeoxygenat ed ave ‘advant ageously better col d-flow
properties (#ogt280 ki), foekaimple acleastchbpoi 5l psig (abbdBt 347 lokvey), atdéaat i ve pour

Conbi hat | on SPHEDGTY BpuRTogl of SRR oy s Ry U Bse g ied

bi oconponentab&itq@ugﬁ@ (tagmh%\a@ k'P‘ég Ak résé%bemrzsgﬁ gtg(abo@tfs‘@sm% fa;rah)
col d-fl ow properti /or to &t as a dil 0 nmanage t | ar ge

exot her ns cdgayobaboun1H0 pmg)l(rq:}muehtO M?ag)odwiywﬂatdrahemeam ithoenlsy dr@mi onal |y
but prefera

bl y, anot her rtiogn t hase conponent,
whi ch has. odrbiaL e (nBa g about i B SEERbOuE S or BSaaEhe - oan be
sent to thee&é&ﬁﬁle%@ﬁws% 19;1g (a%@utdj FWagf)'éﬁless a'BBQMm nlfsig GBbht 27§>4 Though

not pictured this way in gure 7, this other portio t he separated
liquid phasME&g}potrsmabna%iﬂcpmg]@bewslmMEa@m loss,| aboauhEHiOepsomfabout evel s, in

whi ch case it n tion rst be s 0 stripp 7 bef ore belng

it ect od_to 2 HEEREER 1sSoroad 2ohnedatie YE3e b Roata b0 gace. 7
hydr ot r eat edyipiePUNIPh) GRLULL 66081 SPRILEIRENE 0P R YL Ner al separ at or
drum 740 to obtain a hot m neral vapor phase conponent that can exit

t hrough conduit 742, optionally a hot m neral aqueous phase (not shown),
and a hot nilR62h] ||Qﬂneadlp§@§é @@moﬁ@ntrelpmtrwmre%ptamquﬂb h conduit 744.

At |l east a portion of ar ted hase _conponent can

Savant ageoub bR op RIS ERREI S s hE R EPR R eafiBe beonbi ned
with the sepafsido hicitlh defRAIRACLIAMNE BE hfdroger Rrdchebloddheasmonent
separator in conduit 738 to form conbi ned |iquid phase conponent in conduit
758 for recyetde Navartheldssothedmat pasatiatiohor the by dioda@yge@itongnadtion chut

ref er abl anot he orti,on ra se onent ,
P ch s sartalEhe RO i 200 it bob RERGRL SO b @bt SRR BRI Do
sent to theabsglgspoahi/nf), %nex@ﬁlp(ljé ﬁ‘§§1|abBUﬁ750 J,clff/vbey@fhbﬁgmbootsc?/@& Though
not plctured this wa Jn Fi 7, |s ot her portion of the separated

liquid phaséahmtrb%ﬁ] i /mralgsb tlt ﬁ]&/]ﬁmsim 1 feoraabpyt ]S&HCﬁbbléﬂ@h@@rﬂﬂO@vel s, in

di oot od+ o VRETRUBR ESR Yol b R B b3, R0 BB B Gever - (i <

ot her porti @Bo&fZSDbgcﬁlﬂﬂ%%@%@N&n%hﬁw @oathﬁémr&rﬁomwomot have
sufficiently | ow heteroatomlevels, in which case it is optionally but WO

2012/ 009516 P00 BEDL 19 Trro 3000 scAlpbl (abput 1e7r0911§m§/m itp gboufexip) thr/mubh condui t
746 to stripper 760 before being directed to the fuel pool through conduit
762. [00105 e it i i rLces 702, 712,
and 722 forkmggitorgnfggﬁQgggghﬁﬁgiggégpégggg?fp§§%%gﬁﬁféﬁﬁndependent they
can i nst ead pbdodhiaaimn of doomei-karrs@reacgouriaguctea gityatiany tk idirectyordbfSflaw but i on

net wor k hydrogen source. [00106]Figure 7 shows the m neral vapor phase
conponent  t Aitth @ pjacempgrent feed during processing would be opposite from the

direction of flow for the hydrogen-containing gas stream. When present, steam

may also typically flow in the opposite direction from the biocomponent feed



m neral separator drum 740 through conduit 742 being directed to a cold
separator drum 750, which itself can create a cold vapor phase conponent

t hat can wei2012dewznagh conduit 752, optionally a col d aqerevas2@phagd®’¢ not
shown), and a cold |iquid phase conponent that can exit through conduit

754. A portion (though none in Figure 7) of the cold separated |iquid phase
conponent, which has sufficiently | ow ouaygen, nitrogen, and sul fur content,
can be sent to the fuel pool, e.g., as diesel fuel, through conduit 762. As
with the hot separated mneral |iquid phase conponent, in Figure 7, the

col d separ afdaﬂné bOHte-RRASE o SQIRAN SRteniBYiAG s Hﬁlﬁﬁh@%’é Eoiit&0 et OW

het eroat om | eve in which case i1t is optionall preferably first sent
t hr ough concdezﬂctor?ﬂiﬁ f¢athmnenietr thesreacmbatribel top, Wﬂnﬂe}tim lhmirompwnmieidgm ner al

I d phase conponent, from condui 46) t efore bei n
il Hoeten o BeranEAIE Dol o EBRH the hatom: he3ht EBTSef i RE e en:
(hot) VapOfc%P%%ﬁm/?%E&ﬁﬁ@ﬁqﬂ@&ﬁ%@ﬁy&bg%3%eﬁﬂgu§ﬂ%dﬁ%HQl&ﬁaq{dﬂﬁéﬁ

conmponent in condui , Independently or collectively can be: sent to
fl are; usedpadiaf Debsqmneapdrel thp é(dltt@b) ofsht mtaetoonOnendvemtazchifgiier val ue
conponents (such as dr.oge he 0 e | ed and/or cascaded to the
Pyl odooxy g SR Forh Pk B eAsg DG thy Pt eI G GFSRLIPDBAT ¢ he

hydr oi soner 'ea@ctdn% thEREH Whef %Pﬁrs@aﬂé@ &h@i%%thfarTﬁ@lfo'\xfé? Bpliil fiegsPe peedi ng
hydr ogen or anot her gaseous conponent; or the ik conbi nati on

t her eof AIthgw@gmfcgubemﬂﬁsmnmmsaHWMEekim$ag&m&&pdnaumqnnmsmmgd(hot)
bloconponenﬁ g hpr déy$1735 hot nlﬂ éal seg rator drum 740, and cold
- 45 - separ@ F Qfaheshydrpgen iwegpre o fhe BOYYUA O s Taref (PFkiecHie ¢ han
three separ gjfh@n stages may be used, or alternately that |less than three
separation stages may be used. In one alternative enbodi nent, where there
is only (hot) bioconponent separator drum 735 and hot nlneral separ at or

drum 740, t Gﬁelipor Aﬁhﬁb@p@tﬁﬁ@@h@lwn%QOfﬂémré@ﬂ eurrinh desagn eakartheor drum
740 can be dj detal oco one o] apor phase
component 1 APRBR PSR FEP SR ES Pl e B PR S b e PR b ¢ 752
above, V\Hhhg@ﬂ eﬁ?ﬁﬂ@hé‘ﬁ&{wﬁ@t@f%sﬁﬁml{h&ﬁe\Z/ét%rgﬁbdsh?'@{lealéﬁbﬂg removed from
Figure 7 108] Furt hernore, though the (hot bIOCO onent |iquid phase

recycle porphﬁhwﬁﬂmofhﬁhh@ﬂlﬁm@éxbbﬁDHqWB@T 6P if €% ﬁ@mpoﬂbU%n are shown
in Figure 7 as Dbei i.ndi vi

Lnst 1 oant dosbReRihaihe Dbl e HBfEE shlidoidl g%lb%%ﬁa% PREHShe porti on

(hot) bi ocorpgn&juilittigh hofavoi Mefeydrogiai fHo@ReASE. POAG bOBSdinfeasRRE i Vel y,
that are being sent to the fuel pool it should be understood that the

streans may t&epaattis Wéxd)euerteﬂewﬂmm@un@hduﬁr@nturﬂacm;mdh@éewgrr t oget her and
t hat the strea di t|on be c 0 be sent to
the tuel poctiengn KRt ot Bl e B b 136 e BF aSERGIMERh: 28 ool o
1 [00109]Anﬁkﬂ@ﬁaﬁnﬁﬁﬁhkﬁahyﬁmgﬂh@@&ﬁgbb@mﬁle|d a product suitable for use
in the diesel fuel pool, having a finished sul fur content of about 3 wppm

or less and a finished nitrogen content of about 2 pmor |ess, and
exhi bi ting 4$P0%b gﬂavirte@ﬁtl@pCaa@mdusaugtwé@er@e%%of BERt SHEATAE 67 0f ¢ hi s

hydrotreate e Lo forma
m xed feed. ﬂ%ﬁEEQ%?igﬁgg a?gggg%%ﬁdgggaﬁﬁagﬂﬁéé&%%¥gcggs?b reactor with
a treat gas effuspt tsi ingludbanitead®d ] Sy Orapngen Cdwated whp@)lightle¥dsret hane in

t he presence of a comercial supported (alum na). Ni Mo hydrotreating

catal yst at 28 @@ﬁﬁ@%&lght@r@duca%égb tatamay bays bees poioruggsirodhe gacet al react or
pressure of ] reating
catal yst |s“ﬁ§gﬂ% ésh ang&ﬁéﬁﬁﬁgéﬁ%gégelgﬁgpepﬁgﬁgﬁ?nzﬁﬁggﬁgﬁggt vacuum gas
oil's (VGO feelighs veheheht lightadndt benteatcdltlyis ktréas ilightneughG¥ohact fuel t y
reduction, as conpared to fresh catal yst of identical conposition. The
treat gas i ¥alust A@@ﬁ@ééw&to & ﬂ%swana%wcwg@ digse) bailing EWSEPTEBIOt SNB/ NnB) .
This corres I about 900

scf/ bbl (abgﬁ @%ﬁgﬁg?ﬁgbeElgg&%@éaﬁgeﬁﬂ%%}ﬁféygpre g%%gﬁgf about 60-80
psi g (about bibkonpdherkPaghtocKh&hbyldrdype o€ sisdangcarciackude ahaguems LHSV of about
1.0 hr-1. [00110] The hydrotreated m xed feed yields about 95 wt % recovery,
based




on the original mxed feed plus hydrogen-containing treat gas, and exhibits
an APl gravity of about 42.2 (degrees). This represents an inprovenent in
APl of nowe 2tezm9rbout 20% Significant water, CO and EOR/Use@1foedned
during the reaction, and sone naphtha is al so made (which can be sent to

t he gasoline pool, if desired, or can be recycled to another refinery
process). At |east about 90% of the oxygen fromthe bioconponent portion of
the m xed feed is renoved by this process. Exanple 2 [00111] A m xed

f eedst ock, containing about 30 wt % of a bi oconponent feed (soybean oil) and

about 70 wt %@fgt SN STt ERRDniRALLANE iﬁfre&n&dwmtﬁ%ﬁ%@gnaﬁif%ad as

described in bl e 1 bel ow, was hydrodeoxygenated in a pil ot uni
conpri si ng and/28fronBstepunansedyediriveitlod whiengasathuft ataotidn.| hidaduevush a

commerci al | y-avai |l abl e. | activit rted CoMo catal yst upstream of a
©100 cnB HDOTTEAGHETISY nripsls Saerievg] obdRkEreanes pgdphgt Buiotey

conmmer ci al | yn@¥ahisal &l SMRRATE Shilh M, GREGY ShbodientDR: palsal ¥pi vas
activated using a DVDS spi ked 1ight gasoil. The HDO reactor EI T was

t hereaf t er brastegtathentdibolity. 625F (about 329C), the guard bed EIT to about
450F (about 232C), and the unit pressure to about 150 psig (about 1.0

MPag). This reagtor was run LN ubstantially pure (1009 hydrogen
troat gas 10RO or ik s FEban el ihe 8ot BRRTHRT bt P RaRt i t b
the feed beicagbé Flf@:tﬂ'eb@ﬂ% e @Nnphrias pdie\o Oy dafRbtmeht SWHen Hesitahl € 1. Base
Feed light gasoil Mneral feed Bioconponent feed M xed feed Soybean QG |
Cont ent this pretreatment can, in some embodiments, occur prior to mixing the

biocomponent portion of the feedstock with the mineral oil portion. In such

embodiments, the pretreatment can include passing the biocomponent portion

through an adsorbent to remove metals, filtering the biocomponent portion to

remove sediment, or other processes. Alternately, an optional metals removal

pretreatment can take place after mixing of the biocomponent and mineral oil

feeds, by exposing the combined feedstock to a demetallization catalyst under

demetallization conditions prior to hydrodeoxygenation (and optionally

hydrodesulfurization).

[0067] In other embodiments, at least a portion (e.g., about 50 wt% or less)
of the biocomponent portion of the feedstock can advantageously be fresh (i.e.,
not pretreated). In such embodiments, the remainder of the feedstock can be
comprised of recycled hydrodeoxygenated biocomponent feed, hydrotreated
mineral feed (e.g., having a diesel boiling range, an atmospheric gasoil boiling
range, and/or a vacuum gasoil boiling range), and/or fresh mineral feed (e.g., in a

kerosene boiling range) having an appropriately low sulfur and nitrogen content.

[0068] In some embodiments, at least a portion of the diesel boiling range
(hydrodeoxygenated) product stream can be suitable for incorporation into the
diesel fuel pool without further processing. Additionally or alternately, at least a
portion of the diesel boiling range product stream can be subjected to further

processing. One type of further processing can include removal of at least a



-- -- 100 W% 30 % M neral Gl Content 100 wt % 100 wt% -- 70 wt % API
gravity 35.3 40.4 21.7 34.9
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portion of any undesirable heteroatoms (e.g., nitrogen and/or sulfur) remaining
in the diesel boiling range product. In the case of sulfur, this can be done using a
caustic solution or other wash to remove hydrogen sulfides, or through a sulfur
adsorption step, such as by exposing the liquid stream to metallic (massive) Ni,
Zn0O, or another adsorber of sulfur species, in order to remove mercaptans and/or
carbonyl sulfides. Another type of further processing can include recycling of a
portion of the product to the inlet of the reactor, e.g., for temperature control.
Still another alternative can include stripping the diesel boiling range product of
dissolved gases. In some embodiments, two or more further processing steps

can be undertaken, e.g., recycling and stripping.

[0069] Additional hydroprocessing of the diesel boiling range
(hydrodeoxygenated) product is also possible. In some embodiments, the diesel
boiling range (hydrodeoxygenated) product can be exposed to a
hydroisomerization catalyst under effective hydroisomerization conditions.
Performing a hydroisomerization process on the diesel boiling range product can
improve the cold-flow properties of the product. Advantageously, the
hydroisomerization reaction could also simultaneously remove low levels of
sulfur and/or oxygen from the diesel boiling range product. In some
embodiments, this hydroisomerization can be conducted on a portion of the

diesel boiling range (hydrodeoxygenated) product to be recycled.

[0070] In the optional hydroisomerization stage, the diesel boiling range
product can be exposed to one or more reaction zones, optionally present in a
separate reactor, that are operated at hydroisomerization conditions in the
presence of hydroisomerization catalyst. Generally, catalytic dewaxing can be
accomplished by selective hydrocracking or by hydroisomerizing long chain
molecules within a feed such as a diesel boiling range feed. Dewaxing catalysts
can include, but are not necessarily limited to, molecular sieves such as

crystalline aluminosilicates (zeolites) or silicoaluminophosphates (SAPOs).
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These molecular sieve catalysts may also carry a metal hydrogenation
component, such as a Group VIII metal (such as Ni and/or Co, in some preferred
embodiments of which the metal hydrogenation component can additionally
include a Group VIB metal such as Mo and/or W), in some cases a Group VIII
noble metal (such as Pt and/or Pd). Conditions for hydroisomerization/dewaxing
can include temperatures from about 250°C to about 450°C, for example from
about 280°C to about 380°C, total pressures from about 100 psig to about 3000
psig (about 690 kPag to about 20.7 MPag), LHSV values from about 0.1 hr' to
about 10 hr', and treat gas ratios from about 500 scf/bbl to about 5000 scf/bbl
(about 85 Nm’/m’ to about 850 Nm®/m”).

[0071] In various embodiments, the molecular sieve used for catalytic
hydroisomerization/dewaxing can comprise an aluminosilicate, e.g., having an
MRE framework zeolite such as ZSM-48, which is a 10-membered ring
molecular sieve having a 1-D channel structure. ZSM-48-type molecular sieves
can perform dewaxing primarily by isomerizing molecules within the feed.
Typical silica to alumina ratios for the aluminosilicate can be from about 250:1
or less, or from 200:1. Preferably, the silica to alumina ratio of the
aluminosilicate can be less than about 110:1, for example less than about 110:1
to about 20:1 or from about 100:1 to about 40:1. To form a catalyst, the
molecular sieve can be composited with a binder. Suitable binders can include,
but are not limited to silica, alumina, silica-alumina, titania, zirconia, or a
mixture thereof. Other suitable binders will be apparent to those of skill in the

art,

[0072] In a particularly advantageous embodiment, the optional
hydroisomerization/dewaxing treatment can improve in the hydroisomerized/
dewaxed product one or more of the following: sulfur content (i.e., by lowering
it); cetane number; and one or more cold flow properties (such as pour point,

cloud point, low-temperature viscosity, and the like).
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[0073] Another, less preferred hydroprocessing option can include mixing
the diesel boiling range product with a mineral diesel feed and then
hydrotreating the mixed feed. This option can be preferred, particularly in cases
where initial hydrotreating (e.g., HDO) of the biocomponent feed does not
sufficiently lower the heteroatom (e.g., oxygen) content. By removing a
majority of the heteroatoms (e.g., oxygen) in the initial hydrotreating (e.g.,
HDO) stage, suppression of catalytic activity due to the remaining heteroatoms
(e.g., oxygen) can be reduced or minimized. Thus, a subsequent hydrotreatment
for the mixed biocomponent and mineral feed can advantageously remove
additional oxygen and/or can remove additional sulfur and/or nitrogen for the
mineral feed. Subsequent hydrotreatment of the mixed biocomponent and
mineral feed can advantageously also produce a diesel boiling range product.
This diesel boiling range product can be added to the diesel fuel pool, or it can

undergo any of the types of further processing mentioned above.

[0074] In embodiments where a mineral feed is mixed with the
biocomponent feed prior to a hydrotreatment step, the mineral feed can
preferably be a diesel boiling range feed. Untreated mineral feedstreams for
blending with a biocomponent feedstream can have a nitrogen content from
about 50 to about 6000 wppm nitrogen, for example from about 50 to about
2000 wppm, such as from about 75 to about 1000 wppm nitrogen. In an
embodiment, untreated mineral feedstreams can have a sulfur content from about
100 to about 40000 wppm sulfur, for example from about 200 to about 30000
wppm, such as from about 350 to about 25000 wppm. Suitable diesel boiling
range feedstreams can boil within the range of about 215°F (about 102°C) to
about 800°F (about 427°C). Preferably, the diesel boiling range feedstream has
an initial boiling point of at least about 250°F (about 121°C), or at least about
300°F (about 149°C), or at least about 350°F (about 177°C), or at least about
400°F (about 204°C), or at least about 451°F (about 233°C). Preferably, the

diesel boiling range feedstream has a final boiling point of about 800°F (about
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427°C) or less, for example about 775°F (about 413°F) or less or about 750°F
(about 399°C) or less. In an embodiment, the diesel boiling range feedstream
has a boiling range from about 451°F (233°C) to about 800°F (427°C). In
another embodiment, the diesel boiling range feedstream can also include
kerosene range compounds to provide a feedstream with a boiling range from

about 250°F (121°C) to about 800°F (427°C).

[0075] In embodiments where a hydrotreated mineral feed comprises at
least a portion of the remainder of the hydrodeoxygenation reaction feedstock,
the mineral feed can be exposed to a hydrogen source in the presence of a
hydrotreating catalyst under hydrotreating conditions, in order to reduce the
levels of sulfur and/or nitrogen therein to a desirable level, e.g., where they may
not substantially hinder the subsequent hydrodeoxygenation reaction. Such
hydrotreating conditions can include, but are not limited to, one or more of an
LHSV from about 0.1 hr™" to about 10 hr™, a total pressure from about 250 psig
to about 2000 psig (about 1.7 MPag to about 13.8 MPag), a temperature from
about 550°F to about 750°F (about 288°C to about 399°C), and a hydrogen treat
gas rate from about 750 scf/bbl to about 3000 scf/bbl (about 130 Nm®/m’ to
about 510 Nm®/m”) of at least about 80 mol% hydrogen.

[0076] The sources of hydrogen for the hydrodeoxygenation reactor and for
any other reactors/stages requiring hydrogen, such as for hydroisomerization
and/or for hydrotreatment, when present, can come from the same source, e.g., a
refinery hydrogen network, or can come from different sources. Nevertheless, it
is preferable that all hydrogen sources according to the invention are of
relatively high hydrogen purity, although it is contemplated that some or all of
such hydrogen sources can be less pure, in which case the reaction conditions
can be altered to compensate for the lower hydrogen content in the treat gas

and/or additional hydrogen can be added into the reactor(s) to compensate.
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Reaction system

[0077] The reactor used for hydrodeoxygenating the biocomponent feed can
be a hydroprocessing reactor, such as a reactor suitable for performing a
hydrotreatment process. The reactor can be configured to operate in a co-current
or counter-current manner. If the reactor is configured for counter-current
operation, the reactor can be a fixed bed reactor in one embodiment, with the
biocomponent feed flowing in the opposite direction relative to both the
hydrogen-containing gas flow and, if present, the steam flow. If the reactor is

configured for co-current operation, either fixed or fluidized beds may be used.

[0078] The reaction system can include several inputs for the reactor. In
addition to the biocomponent feedstock, input conduits can also be available for
the hydrogen-containing gas and optionally for steam. The input conduit for the
hydrogen-containing gas can receive the gas stream from an optional scrubber
that can remove at least a portion of the H,S and at least a portion of the CO,
present in the gas stream. The reaction system can also include a catalyst. If the
reactor is a fixed bed reactor, the reactor may include one or multiple beds of
catalyst. The effluent from the reactor can be sent to a separator, e.g., to produce
three output streams, including a vapor effluent, an aqueous effluent, and a

diesel boiling range product.

[0079] A reaction system suitable for performing an embodiment of the
invention is schematically shown in Figure 1. In Figure 1, reactor 105 has
several input conduits. Feed conduit 112 provides a biocomponent feedstock for
processing. Steam conduit 114 (optional) can provide steam to reactor 105.
Conduit 116 provides to the reactor a hydrogen source comprising a relatively
low hydrogen content gas. As needed or desired, the hydrogen-containing gas
can pass through scrubber 117 (optional) prior to entering conduit 116 for
passage to reactor 105. Based on the arrangement of input feeds, reactor 105 is

configured for counter-current operation; however, it will be appreciated that
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co-current reactor operation can be effected with appropriate rearrangement of
the layout in Figure 1. Optionally, an additional hydrogen feed 119 may be
provided to the reactor, e.g., to increase the hydrogen partial pressure as
necessary. As shown in Figure 1, the additional hydrogen feed 119 may be
added at an intermediate point in the reactor. However, additional hydrogen can
additionally or alternately be introduced through or more proximal to conduit
116 (and/or may be passed through optional scrubber 117), along with other

hydrogen and/or other gases.

[0080] Products from reactor 105 can exit via one or more conduits. Vapor
conduit 122 provides an exit for gases and light products, e.g., that can be sent to
a different unit for purification and/or recycled to another portion of the refinery
or that can used as fuel gas. Liquid conduit 124 provides an exit for liquid
effluent and links to a separator 135, where an aqueous effluent 132 can be
separated from a diesel boiling range product 134. Separator 135 can also
separate out any remaining gases and/or light products from diesel boiling range
product 134. As shown in Figure 1, diesel boiling range product 134 can be
passed into optional hydroisomerization reactor 145. Therein, the diesel boiling
range product can be exposed to a hydroisomerization catalyst in the presence of
hydrogen from hydrogen input 147 to produce hydroisomerized diesel boiling
range product 142.

[0081] Another reaction system suitable for performing an embodiment of
the invention is schematically shown in Figure 2. In Figure 2, reactor 205 has
several input conduits. Feed conduit 212 provides a biocomponent feedstock for
processing. Steam conduit 214 (optional) can provide steam to reactor 205.
Conduit 216 provides to the reactor a hydrogen source comprising a relatively
low hydrogen content gas. As needed or desired, the hydrogen-containing gas
can pass through scrubber 217 (optional) prior to entering conduit 216 for

passage to reactor 205. Based on the arrangement of input feeds, reactor 205 is
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configured for co-current operation; however, it will be appreciated that counter-
current reactor operation can be effected with appropriate rearrangement of the

layout in Figure 2.

[0082] Effluent 224 from reactor 205 can enter separator 235, which can
separate out vapor phase product 222 (e.g., that can be sent to a different unit for
purification and/or recycled to another portion of the refinery or that can used as
fuel gas), an aqueous effluent 232 for waste or further treatment (not shown),
and diesel boiling range product 234. As shown in Figure 2, diesel boiling range
product 234 can optionally be mixed with a mineral diesel boiling range feed
252 and can then be passed into second hydrotreatment reactor 255, optionally
along with additional hydrogen 254. The mixed feed can be hydrotreated in
reactor 255 to produce mixed diesel boiling range product 262. This mixed
diesel boiling range product can optionally be passed through a second separator
(not shown) to remove contaminant gases, such as H,S, prior to being used

directly or added to the diesel fuel pool.

[0083] Figure 3 schematically shows the overall integration of a reaction
system according to an embodiment of the invention within a refinery. In Figure
3, the connectivity is shown between a refinery reactor 375 and hydroprocessing
reactor 305 for processing a biocomponent feed. Refinery reactor 375, having
hydrogen-containing gas exit conduit 377 can represent any refinery reactor
from which can emanate a stream containing from about 20 mol% to about 60
mol% hydrogen. The hydrogen-containing gas can pass through conduit 377,
optionally through scrubber 317, and into intervening conduit 383. In Figure 3,
an optional pump 387 is also shown, if desired for increasing the pressure of the
hydrogen-containing gas flow. Intervening conduit 383 introduces the
optionally scrubbed and/or pressurized hydrogen-containing gas flow to
hydroprocessing reactor 305. Hydroprocessing reactor 305 also receives

biocomponent feed 322, and optionally also steam (not shown). After
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hydroprocessing, the liquid effluent can be passed to separator 335 via liquid
effluent conduit 324. In some embodiments, liquid effluent conduit 324 can also
include a vapor effluent, and separator 335 can also separate out this vapor, if
present. Separator 335 can also produce a diesel boiling range product 334,
which can optionally be passed to another hydroprocessing reactor, such as a
hydroisomerization reactor 345. In such situation, the hydroisomerized diesel
boiling range product 342 can be used directly or delivered to the diesel fuel

pool.

[0084] Figure 4 schematically shows an embodiment in which a
pre-hydrotreated mineral oil feedstock is mixed with a biocomponent feedstock
before undergoing hydrodeoxygenation with a reduced hydrogen content gas
and/or a reduced activity catalyst. In Figure 4, mineral oil feedstock 400 can be
fed to hydrotreatment reactor 405, along with hydrogen-containing treat gas 402.
While this reactor 405 can be a conventional hydrotreatment reactor, typically
using a relatively high activity catalyst for performing hydrodenitrogenation and
hydrodesulfurization and typically using conventional treat gas containing a
relatively high hydrogen content (i.e., at least 80 mol% or vol% hydrogen, and
usually at least 90 mol% or vol% hydrogen, generally with the remainder being
relatively inert gas), it can be possible for the catalyst activity to be lower than
conventional and/or for the hydrogen content to be lower than conventional.
Hydrotreated mineral oil effluent can exit reactor 405 through conduit 408,
which leads to separator 410, which may include a single separator or a series of
separators, such as relatively higher temperature and relatively lower

temperature separators.

[0085] It should be appreciated that there may be other inputs to and/or
exits from reactor 405, which are not shown in Figure 4, e.g., an exit for
hydrotreatment vapor phase effluent, which can optionally be recycled as a

hydrogen-containing gas to reactor 430 and/or can be used in other refinery
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that there may be other inputs to and/or exits from hydrotreatment reactor 430,

which are not shown in Figure 4, e.g., an exit for hydrotreatment vapor phase

effluent, which can optionally be recycled as a hydrogen-containing gas to

reactor 430 and/or can be used in other refinery operations, e.g., as fuel gas.
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[0087] The (liquid phase) hydrotreated mixed mineral and biocomponent
effluent 435 from reactor 430, like stream 408, can be further processed using
separator 440. Separator 440 can yield a (liquid phase) hydrotreated renewable
diesel boiling stream 448, a vapor phase effluent 442, and optionally a sour
water stream 445. If the hydrogen content in vapor phase effluent 442 is high
enough, the effluent 442 can be recycled as a hydrogen-containing gas to reactor
430, and/or the effluent 442 can be used in other refinery operations, e.g., as fuel
gas. Sour water stream 445, when present, can be sent for further processing or
to waste (not shown). Renewable diesel boiling stream 448 can advantageously
be sent to ADO pool 450, optionally being combined with any portion of the
pre-hydrotreated mineral oil stream 415 not mixed with biocomponent feedstock
via422. Also, if renewable diesel boiling stream 448 was desired to have further
treatment, such as further hydrotreatment, dewaxing, or the like (not shown),
that can additionally or alternately be undertaken before proceeding to ADO
pool 450.

[0088] Figure 5 schematically shows an embodiment in which a mineral oil
feedstock can be hydrotreated in parallel with a biocomponent feedstock being
hydrodeoxygenated with in the presence of a reduced activity catalyst. In Figure
5, hydrodeoxygenation reactor 520 contains a hydrodeoxygenation catalyst (e.g.,
a water gas shift catalyst and/or an at least partially spent catalyst having a
hydrodeoxygenation activity, such as spent hydrotreating catalyst) and has
several input conduits. Feed conduit 510 provides a fresh biocomponent
feedstock for processing. Steam conduit (not shown, optional) can provide
steam to reactor 520, if desired. Conduit 512 provides to the reactor a hydrogen
source comprising a relatively pure hydrogen content gas (e.g., at least about 80
mol% hydrogen, such as at least 95 mol% hydrogen). Based on the arrangement
of input feeds, reactor 520 is configured for co-current operation; however, it

will be appreciated that counter-current reactor operation can be effected with

Exanpl e 3 Exanple 4 Exanple 5 Supported N Mo Bul k Ni Mo

PCT/US2011/043979



Ni Mo Supported Ni Mo Bulk NiMo % fresh HDS activity 50 40 50 40 50 40 EIT, F
590
WO 2012/009516 PCT/US2011/043979

-36 -

appropriate rearrangement of the inputs, such as into reactor 105 of Figure 1.

Hydrodeoxygenated product from reactor 520 can exit via conduit 525.

[0089] As shown in Figure 5, in parallel, mineral feedstock 500 can enter
hydrotreatment reactor 505 for catalytic hydroprocessing using a hydrotreating
catalyst (e.g., a bulk and/or supported catalyst containing Group VIII/Group VIB
metals and typically sulfided, such as a NiMo, a CoMo, and/or a NiMoW
catalyst). Steam conduit (not shown, optional) can provide steam to reactor 505,
if desired. Conduit 502 provides to the reactor a hydrogen source, generally
comprising a relatively pure hydrogen content gas (e.g., at least about 80 mol%
hydrogen, such as at least 95 mol% hydrogen). Based on the arrangement of
input feeds, reactor 505 is configured for co-current operation; however, it will
be appreciated that counter-current reactor operation can be effected with
appropriate rearrangement of the inputs, such as into reactor 105 of Figure 1.

Hydrotreated product from reactor 505 can exit via conduit 508.

[0090] While it should be appreciated by one of ordinary skill in the art that
the hydrotreated product in conduit 508 and the hydrodeoxygenated product in
conduit 525 can individually undergo separation, Figure 5 shows that these
streams can be merged for combined separation in hot separator drum 540 into a
hot vapor phase component that can exit through conduit 542, optionally a hot
aqueous phase (not shown), and a hot liquid phase component that can exit
through conduit 544. At least a portion of the separated hot liquid phase
component can advantageously be recycled to the hydrodeoxygenation reactor
520 through conduit 548, e.g., in order to be further hydrodeoxygenated and/or
in order to act as a diluent to manage the large exotherms common in
biocomponent hydrodeoxygenation reactions. Optionally but preferably, another
portion of the hot separated liquid phase component, which has sufficiently low
oxygen, nitrogen, and sulfur content, can be sent to the fuel pool, e.g., as diesel

fuel, through conduit 562. In Figure 5, however, this other portion of the
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separated hot liquid phase component may not have sufficiently low heteroatom
levels, in which case it is optionally but preferably first sent through conduit 546

to stripper 560 before being directed to the fuel pool through conduit 562.

[0091] While it is shown in Figure 5 that hydrogen sources 502 and 512 for
reactors 505 and 520, respectively, are independent, they can instead be drawn

from the same source, e.g., a refinery distribution network hydrogen source.

[0092] Figure 5 shows the vapor phase component that exits hot separator
drum 540 through conduit 542 being directed to a cold separator drum 550,
which itself can create a cold vapor phase component that can exit through
conduit 552, optionally a cold aqueous phase (not shown), and a cold liquid
phase component that can exit through conduit 554. A portion (though none in
Figure 5) of the cold separated liquid phase component, which has sufficiently
low oxygen, nitrogen, and sulfur content, can be sent to the fuel pool, e.g., as
diesel fuel, through conduit 562. As with the hot separated liquid phase
component, in Figure 5, the cold separated liquid phase component may not have
sufficiently low heteroatom levels, in which case it is optionally but preferably
first sent through conduit 556 (where it is combined with the hot separated liquid
phase component from conduit 546) to stripper 560 before being directed to the
fuel pool through conduit 562.

[0093] The cold vapor phase component in conduit 552 can be: sent to
flare; used as fuel gas; purified to isolate one or more higher value components
(such as hydrogen) therefrom; recycled and/or cascaded to the
hydrodeoxygenation reactor 520, the hydrotreatment reactor 505, and/or another
refinery process needing hydrogen or another gaseous component; or the like; or
some combination thereof. Although Figure 5 shows a two-stage separation
using hot separator drum 540 and cold separator drum 550, it is of course
contemplated that more than two separation stages may be used, or alternately

that only one separation stage may be used, in which latter case the vapor phase



11.42 2.9 H purity, nol%-100 -100 '-400 '-400 '-400 '-400 Treat gas
rate, scf/bbl 1200 1200
WO 2012/009516 PCT/US2011/043979

-38 -

component 542 from sole separator drum 540 can be disposed of as detailed for
cold vapor phase component in conduit 552 above, with separator 550 and

conduits 552 and 554 being removed from Figure 5.

[0094] Figure 6 schematically shows an embodiment in which a mineral oil
feedstock can be hydrotreated in parallel with a biocomponent feedstock being
hydrodeoxygenated with in the presence of a reduced activity catalyst. In Figure
6, hydrodeoxygenation reactor 620 contains a hydrodeoxygenation catalyst (e.g.,
a water gas shift catalyst and/or an at least partially spent catalyst having a
hydrodeoxygenation activity, such as spent hydrotreating catalyst) and has
several input conduits. Feed conduit 610 provides a fresh biocomponent
feedstock for processing. Steam conduit (not shown, optional) can provide
steam to reactor 620, if desired. Conduit 612 provides to the reactor a hydrogen
source comprising a relatively pure hydrogen content gas (e.g., at least about 80
mol% hydrogen, such as at least 95 mol% hydrogen). Recycle conduit 632 can
also provide an additional hydrocarbon feed. Based on the arrangement of input
feeds, reactor 620 is configured for co-current operation; however, it will be
appreciated that counter-current reactor operation can be effected with
appropriate rearrangement of the inputs, such as into reactor 105 of Figure 1.

Hydrodeoxygenated product from reactor 620 can exit via conduit 625.

[0095] As shown in Figure 6, in parallel, mineral feedstock 600 can enter
hydrotreatment reactor 605 for catalytic hydroprocessing using a hydrotreating
catalyst (e.g., a bulk and/or supported catalyst containing Group VIII/Group VIB
metals and typically sulfided, such as a NiMo, a CoMo, and/or a NiMoW
catalyst). Steam conduit (not shown, optional) can provide steam to reactor 605,
if desired. Conduit 602 provides to the reactor a hydrogen source, generally
comprising a relatively pure hydrogen content gas (e.g., at least about 80 mol%
hydrogen, such as at least 95 mol% hydrogen). Based on the arrangement of

input feeds, reactor 605 is configured for co-current operation; however, it will
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be appreciated that counter-current reactor operation can be effected with
appropriate rearrangement of the inputs, such as into reactor 105 of Figure 1.

Hydrotreated product from reactor 605 can exit via conduit 608.

[0096] While it should be appreciated by one of ordinary skill in the art that
the hydrotreated product in conduit 608 and the hydrodeoxygenated product in
conduit 625 can individually undergo separation, Figure 6 shows that these
streams can be merged for combined separation in hot separator drum 640 into a
hot vapor phase component that can exit through conduit 642, optionally a hot
aqueous phase (not shown), and a hot liquid phase component that can exit
through conduit 644. At least a portion of the separated hot liquid phase
component can advantageously be recycled through conduit 648. However,
unlike in Figure 5, this recycle first goes through a hydroisomerization reactor
630, which contains a hydroisomerization catalyst (e.g., a zeolite-supported
catalyst containing a noble Group VIII metal or a non-noble Group VIII metal
and a Group VIB metal, generally sulfided, such as a Pt- and/or Pd- promoted
zeolite Y dewaxing catalyst, a Pt-promoted ZSM-48 dewaxing catalyst, and/or a
NiW-promoted ZSM-48 dewaxing catalyst) and is fed with a hydrogen source
622. Recycling the dewaxed/isomerized product through conduit 632 can allow
a feed to be further hydrodeoxygenated, to have advantageously better cold-flow
properties (e.g., lower relative cloud point, lower relative pour point, lower
relative cold filter plugging point, or the like, or a combination thereof) for
managing the tendency of hydrodeoxygenated biocomponent products to have
relatively poor (e.g., oft-spec high) cold-flow properties, and/or to act as a
diluent to manage the large exotherms common in biocomponent

hydrodeoxygenation reactions.

[0097] Optionally but preferably, another portion of the hot separated liquid
phase component, which has sufficiently low oxygen, nitrogen, and sulfur

content, can be sent to the fuel pool, e.g., as diesel fuel, through conduit 662. In
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Figure 6, however, this other portion of the separated hot liquid phase
component may not have sufficiently low heteroatom levels, in which case it is
optionally but preferably first sent through conduit 646 to stripper 660 before
being directed to the fuel pool through conduit 662. While it is shown in Figure
6 that hydrogen sources 602, 612, and 622 for reactors 605, 620, and 630,
respectively, are independent, they can instead be drawn from the same source,

e.g., arefinery distribution network hydrogen source.

[0098] Figure 6 shows the vapor phase component that exits hot separator
drum 640 through conduit 642 being directed to a cold separator drum 650,
which itself can create a cold vapor phase component that can exit through
conduit 652, optionally a cold aqueous phase (not shown), and a cold liquid
phase component that can exit through conduit 654. A portion (though none in
Figure 6) of the cold separated liquid phase component, which has sufficiently
low oxygen, nitrogen, and sulfur content, can be sent to the fuel pool, e.g., as
diesel fuel, through conduit 662. As with the hot separated liquid phase
component, in Figure 6, the cold separated liquid phase component may not have
sufficiently low heteroatom levels, in which case it is optionally but preferably
first sent through conduit 656 (where it is combined with the hot separated liquid
phase component from conduit 646) to stripper 660 before being directed to the
fuel pool through conduit 662.

[0099] The cold vapor phase component in conduit 652 can be: sent to
flare; used as fuel gas; purified to isolate one or more higher value components
(such as hydrogen) therefrom; recycled and/or cascaded to the
hydrodeoxygenation reactor 620, the hydrotreatment reactor 605, the
hydroisomerization reactor 630, and/or another refinery process needing
hydrogen or another gaseous component; or the like; or some combination
thereof. Although Figure 6 shows a two-stage separation using hot separator

drum 640 and cold separator drum 650, it is of course contemplated that more
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than two separation stages may be used, or alternately that only one separation
stage may be used, in which latter case the vapor phase component 642 from
sole separator drum 640 can be disposed of as detailed for cold vapor phase
component in conduit 652 above, with separator 650 and conduits 652 and 654

being removed from Figure 6.

[00100]  Figure 7 schematically shows an embodiment in which a mineral oil
feedstock can be hydrotreated in parallel with a biocomponent feedstock being
hydrodeoxygenated with in the presence of a reduced activity catalyst. In Figure
7, hydrodeoxygenation reactor 720 contains a hydrodeoxygenation catalyst (e.g.,
a water gas shift catalyst and/or an at least partially spent catalyst having a
hydrodeoxygenation activity, such as spent hydrotreating catalyst) and has
several input conduits. Feed conduit 710 provides a fresh biocomponent
feedstock for processing. Steam conduit (not shown, optional) can provide
steam to reactor 720, if desired. Conduit 712 provides to the reactor a hydrogen
source comprising a relatively pure hydrogen content gas (e.g., at least about 80
mol% hydrogen, such as at least 95 mol% hydrogen). Recycle conduit 732 can
also provide an additional hydrocarbon feed. Based on the arrangement of input
feeds, reactor 720 is configured for co-current operation; however, it will be
appreciated that counter-current reactor operation can be effected with
appropriate rearrangement of the inputs, such as into reactor 105 of Figure 1.

Hydrodeoxygenated product from reactor 720 can exit via conduit 725.

[00101] As shown in Figure 7, in parallel, mineral feedstock 700 can enter
hydrotreatment reactor 705 for catalytic hydroprocessing using a hydrotreating
catalyst (e.g., a bulk and/or supported catalyst containing Group VIII/Group VIB
metals and typically sulfided, such as a NiMo, a CoMo, and/or a NiMoW
catalyst). Steam conduit (not shown, optional) can provide steam to reactor 705,
if desired. Conduit 702 provides to the reactor a hydrogen source, generally

comprising a relatively pure hydrogen content gas (e.g., at least about 80 mol%
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hydrogen, such as at least 95 mol% hydrogen). Based on the arrangement of
input feeds, reactor 705 is configured for co-current operation; however, it will
be appreciated that counter-current reactor operation can be effected with
appropriate rearrangement of the inputs, such as into reactor 105 of Figure 1.

Hydrotreated product from reactor 705 can exit via conduit 708.

[00102]  While it should be appreciated by one of ordinary skill in the art that
the hydrotreated product in conduit 708 and the hydrodeoxygenated product in
conduit 725 can be combined to undergo a combined separation (as in Figures
5-6), Figure 7 shows that these streams can be separated individually. One
reason for individualizing the separations of these products can be the enhanced
corrosive nature (e.g., linked to the carbon oxide, or specifically CO,, content) of
the hydrodeoxygenated product in conduit 725, relative to the hydrotreated
product in conduit 708.

[00103] In Figure 7, hydrodeoxygenated product in conduit 725 can be sent
to a (hot) biocomponent separator drum 735 to obtain a (hot) biocomponent
vapor phase component that can exit through conduit 734, optionally a (hot)
biocomponent aqueous phase (not shown), and a (hot) biocomponent liquid
phase component that can exit through conduit 736. At least a portion of the
separated liquid phase component can advantageously be recycled through
conduit 738. Like in Figure 6, this recycle first goes through a
hydroisomerization reactor 730, which contains a hydroisomerization catalyst
(e.g., a zeolite-supported catalyst containing a noble Group VIII metal or a
non-noble Group VIII metal and a Group VIB metal, generally sulfided, such as
a Pt- and/or Pd-promoted zeolite Y dewaxing catalyst, a Pt-promoted ZSM-48
dewaxing catalyst, and/or a NiW-promoted ZSM-48 dewaxing catalyst) and is
fed with a hydrogen source 722. Recycling the dewaxed/isomerized product
through conduit 732 can allow a feed to be further hydrodeoxygenated, to have

advantageously better cold-flow properties (e.g., lower relative cloud point,
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lower relative pour point, lower relative cold filter plugging point, or the like, or
a combination thereof) for managing the tendency of hydrodeoxygenated
biocomponent products to have relatively poor (e.g., off-spec high) cold-flow
properties, and/or to act as a diluent to manage the large exotherms common in
biocomponent hydrodeoxygenation reactions. Optionally but preferably, another
portion of the separated liquid phase component, which has sufficiently low
oxygen, nitrogen, and sulfur content, can be sent to the fuel pool, e.g., as diesel
fuel, through conduit 764. Though not pictured this way in Figure 7, this other
portion of the separated liquid phase component may not have sufficiently low
heteroatom levels, in which case it can optionally first be sent to stripper 760

before being directed to the fuel pool through conduit 762.

[00104] In Figure 7, hydrotreated product in conduit 708 can be sent to a hot
mineral separator drum 740 to obtain a hot mineral vapor phase component that
can exit through conduit 742, optionally a hot mineral aqueous phase (not
shown), and a hot mineral liquid phase component that can exit through conduit
744. At least a portion of the separated liquid phase component can
advantageously be recycled through conduit 748, where it can be combined with
the separated liquid phase component from the (hot) biocomponent separator in
conduit 738 to form combined liquid phase component in conduit 758 for
recycle via hydroisomerization reactor 730. Optionally but preferably, another
portion of the separated hot liquid phase component, which has sufficiently low
oxygen, nitrogen, and sulfur content, can be sent to the fuel pool, e.g., as diesel
fuel, through conduit 762. Though not pictured this way in Figure 7, this other
portion of the separated liquid phase component may not have sufficiently low
heteroatom levels, in which case it can optionally first be sent to stripper 660
before being directed to the fuel pool through conduit 762. In Figure 7,
however, this other portion of the separated hot liquid phase component may not

have sufficiently low heteroatom levels, in which case it is optionally but
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preferably first sent through conduit 746 to stripper 760 before being directed to
the fuel pool through conduit 762.

[00105] While it is shown in Figure 7 that hydrogen sources 702, 712, and
722 for reactors 705, 720, and 730, respectively, are independent, they can
instead be drawn from the same source, e.g., a refinery distribution network

hydrogen source.

[00106]  Figure 7 shows the mineral vapor phase component that exits hot
mineral separator drum 740 through conduit 742 being directed to a cold
separator drum 750, which itself can create a cold vapor phase component that
can exit through conduit 752, optionally a cold aqueous phase (not shown), and a
cold liquid phase component that can exit through conduit 754. A portion
(though none in Figure 7) of the cold separated liquid phase component, which
has sufficiently low oxygen, nitrogen, and sulfur content, can be sent to the fuel
pool, e.g., as diesel fuel, through conduit 762. As with the hot separated mineral
liquid phase component, in Figure 7, the cold separated liquid phase component
may not have sufficiently low heteroatom levels, in which case it is optionally
but preferably first sent through conduit 756 (where it is combined with the hot
separated mineral liquid phase component from conduit 746) to stripper 760

before being directed to the fuel pool through conduit 762.

[00107]  The biocomponent (hot) vapor phase component in conduit 734 and
the cold vapor phase component in conduit 752, independently or collectively
can be: sent to flare; used as fuel gas; purified to isolate one or more higher
value components (such as hydrogen) therefrom; recycled and/or cascaded to the
hydrodeoxygenation reactor 720, the hydrotreatment reactor 705, the
hydroisomerization reactor 730, and/or another refinery process needing
hydrogen or another gaseous component; or the like; or some combination
thereof. Although Figure 7 shows a three-stage separation using (hot)

biocomponent separator drum 735, hot mineral separator drum 740, and cold
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separator drum 750, it is of course contemplated that more than three separation
stages may be used, or alternately that less than three separation stages may be
used. In one alternative embodiment, where there is only (hot) biocomponent
separator drum 735 and hot mineral separator drum 740, the vapor phase
component 742 from sole mineral separator drum 740 can be disposed of as
detailed for biocomponent (hot) vapor phase component in conduit 734 and/or
cold vapor phase component in conduit 752 above, with cold separator 750 and

conduits 752 and 754 being removed from Figure 7.

[00108]  Furthermore, though the (hot) biocomponent liquid phase recycle
portion and the hot mineral liquid phase recycle portion are shown in Figure 7 as
being individually linked into the recycle conduit upstream/downstream from
each other and as being separated from the portion (hot) biocomponent and hot
mineral liquid phase portions, respectively, that are being sent to the fuel pool, it
should be understood that the streams may be combined in the recycle conduit in
any order or together and that the streams may additionally or alternately be

combined to be sent to the fuel pool, optionally through stripper 760 as needed.

EXAMPLES

Example 1

[00109] A mineral ADO is hydrotreated to yield a product suitable for use in
the diesel fuel pool, having a finished sulfur content of about 3 wppm or less and
a finished nitrogen content of about 2 wppm or less, and exhibiting an API
gravity of about 34.9 (degrees). About 70 wt% of this hydrotreated mineral
ADO is added to about 30 wt% soybean oil to form a mixed feed. This mixed
feed is contacted in a hydroprocessing reactor with a treat gas comprising about
40 mol% hydrogen and about 60 mol% methane in the presence of a commercial
supported (alumina) NiMo hydrotreating catalyst at a temperature of about
625°F (about 329°C) and at a total reactor pressure of about 200 psig (about 1.4
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MPag). The hydrotreating catalyst is not fresh and has been previously used to
hydrotreat vacuum gas oils (VGO) to the extent that the catalyst has about a 10%
activity reduction, as compared to fresh catalyst of identical composition. The
treat gas is introduced at a rate of about 2250 scf/bbl (about 380 Sm’/m’). This
corresponds to an equivalent hydrogen treat gas rate of about 900 sct/bbl (about
150 Sm*/m®) and a hydrogen partial pressure of about 60-80 psig (about 410-550
kPag). The hydroprocessing reactor has an LHSV of about 1.0 hr'",

[00110]  The hydrotreated mixed feed yields about 95 wt% recovery, based
on the original mixed feed plus hydrogen-containing treat gas, and exhibits an
API gravity of about 42.2 (degrees). This represents an improvement in API of
more than about 20%. Significant water, CO, and CO, are formed during the
reaction, and some naphtha is also made (which can be sent to the gasoline pool,
if desired, or can be recycled to another refinery process). At least about 90% of
the oxygen from the biocomponent portion of the mixed feed is removed by this

Process.

Example 2

[00111] A mixed feedstock, containing about 30 wt% of a biocomponent
feed (soybean oil) and about 70 wt% of a mineral feed (bottoms from a
hydrocracking unit), as described in Table 1 below, was hydrodeoxygenated in a
pilot unit comprising a ~28 cm’ guard bed (diolefin saturator) loaded with a
commercially-available low activity supported CoMo catalyst upstream of a
~100 em® HDO reactor loaded with an activated catalyst based on a
commercially available supported NiMo catalyst. The HDO catalyst was
activated using a DMDS spiked light gasoil. The HDO reactor EIT was
thereafter brought to about 625°F (about 329°C), the guard bed EIT to about
450°F (about 232°C), and the unit pressure to about 150 psig (about 1.0 MPag).
This HDO reactor was run using a substantially pure (~100%) hydrogen treat gas
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at a rate of about 900 scf/bbl (about 150 Nm’/m?), with the feed being run
therethrough at an LHSV of about 1.3 hr.

Table 1.
Base Feed light gasoil Mineral feed [Biocomponent feed| Mixed feed
Soybean Oil -- -- 100 wt% 30 wt%
Content
Mineral Oil 100 wt% 100 wt% -- 70 wt%
Content
API gravity 353 40.4 21.7 34.9
Sulfur, wppm 4800 0.35 <0.3
Nitrogen, wppm <0.2 14
Bromine # 1.73 62.8 ~19
IBP, °F 243 295 178
TS5, °F 385 352 362
T10, °F 437 380 395
T20, °F 483 417 436
T30, °F 508 442 469
T40, °F 525 466 509
T50, °F 544 493 560
T60, °F 561 528 612
T70, °F 577 566 690
T80, °F 595 600 1111
T90, °F 615 655 1125
T95, °F 628 689 1127
T99.5, °F 654 763 1133
1-Ring Aromatics 20.0 wt% 15.5 wt% 10.8 wt%
2-Ring Aromatics 8.2 wt% 1.3 wt% 1.0 wt%
3-Ring Aromatics 0.4 wt% 0.1 wt% 0.2 wt%
Total Aromatics 28.6 wt% 17.0 wt% 11.9 wt%
H; Content, 13.2 13.9
mass%

[00112]  The sample was run for about 4 days on oil, and the liquid product
was periodically sampled. After about 4 days, the liquid product exhibited: a
color of about 1.8, when measured according to ASTM D1500-1; a total
aromatics content of about 13 mass%, with a 2-ring aromatics content of about
2.2 wt%; a bromine number of about 0.3; a CO content in exit gas (on the basis
of carbon-containing gases and hydrogen gas, i.e., on a nitrogen-free, oxygen-
free, ammonia-free, and H,S-free basis) of about 4.1 mol%, which corresponds

to a CO yield from the biocomponent portion of about 2.0 wt%; and a CO,
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content in exit gas (on the basis of carbon-containing gases and hydrogen gas,
i.e., on a nitrogen-free, oxygen-free, ammonia-free, and H,S-free basis) of about
8.9 mol%, which corresponds to a CO, yield from the biocomponent portion of
about 6.9 wt%. The hydrogen consumption for the deoxygenation reaction was
calculated to be from about 1500 scf/bbl (about 250 Nm*/m’) to about 1600
scf/bbl (about 270 Nm®/m®). The liquid phase product of the reaction was also
analyzed to determine the relative amounts of the different carbon number
products, as follows: about 1.9 mass% C,, isomers; about 2.1 mass% Ci;
1somers; about 2.3 mass% C,4 isomers; about 1.5 mass% C;s isomers; about 7.2
mass% n-Cis; about 0.9 mass% Ci¢ isomers; about 2.7 mass% n-Ci¢; about 2.5
mass% C;7 i1somers; about 51.6 mass% n-C,7; about 1.0 mass% C;g isomers;
about 19.4 mass% n-C;g; about 0.4 mass% C,9 isomers; about 3.4 mass% C»g

isomers; about 0.5 mass% n-C,g; and about 2.4 mass% C, ;. species.

Examples 3-5

[00113] A mixed feedstock, containing about 50 wt% of a biocomponent
feed (soybean oil) and about 50 wt% of a mineral feed (bottoms from a
hydrocracking unit), as described above in Table 1, was hydrodeoxygenated in
several parallel pilot units comprising a ~10 cm’ HDO reactor loaded with an
activated catalyst based on a commercially available supported NiMo catalyst,
and a ~7 cm’ HDO reactor loaded with an activated bulk NiMo catalyst. Both
catalysts were activated using a DMDS spiked light gasoil. Each reactor EIT
was thereafter brought to about 590°F (about 310°C), and each unit pressure to
about 300 psig (about 2.1 MPag) (Example 3) or about 150 psig (about 1.0
MPag) (Examples 4-5). Each unit was run using a substantially pure (~100%)
hydrogen treat gas at a rate of about 1200 scf/bbl (about 200 Nm’/m’) (Examples
3-5) or about 1050 scf/bbl (about 175 Nm®/m’) (Example 5 was run with the
supported NiMo at 1200 scf/bbl while the bulk NiMo was run at 1050 scf/bbl
treat gas rate), with the feed being run through each unit at an LHSV of about 1
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hr'' (Examples 3-4, supported NiMo), about 2 hr'' (Example 5, supported
NiMo), about 1.4 hr! (Examples 3-4, bulk NiMo), or about 2.9 hr! (Example 35,
bulk NiMo).

[00114]  Each sample was run for about 2 days on oil, with the supported
NiMo catalyst having a relative activity of about 50%, compared to the fresh
catalyst activity (in this case, of the fresh HDS activity), and with the bulk NiMo
catalyst having a relative activity of about 40%, compared to the fresh catalyst
activity. The liquid product was periodically sampled. After about 2 days, the
liquid products had the properties listed in Table 2. The hydrogen consumption

for the reaction was calculated assuming no methanation reactions occur.
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Table 2.
Example 3 Example 4 Example §
Supported Bulk Supported Bulk Supported Bulk
NiMo NiMo NiMo NiMo NiMo NiMo
% fresh HDS 50 40 50 40 50 40
activity
EIT, °F 590 590 590 590 590 590
Total pressure, psig 300 300 150 150 150 150
LHSV, hr' 1 1.4 1 1.4 2 2.9
H, purity, mol% ~100 ~100 ~100 ~100 ~100 ~100
Treat gas rate, 1200 1200 1200 1200 1200 1050
scf/bbl
CO in exit gas, 3.9 6.6 7.7 9.9 12.0 18.0
mol%
CQO; in exit gas, 10.9 8.9 6.1 5.3 6.1 5.3
mol%
CO yield on soy oil, 2.1 4.3 4.1 6.5 7.1 8.2
wit%
CO,; yield on soy oil, 5.7 5.9 3.6 2.4 3.6 2.4
wit%
CH, yield on soy oil, 0.08 0.07 0.07 0.06 0.08 0.05
wit%
H; Consumption, 1593 1393 1528 1368 1338 1342
scf/bbl (cale.)
Ci2 content, mass% - - 3.5 - 3.2 1.4
Ci3 content, mass% - - 0.9 - 2.4 0.8
Ci4 content, mass% - - 2.2 - 2.4 2.0
Ci5 content, mass% - - 8.4 - 7.7 8.6
Ci6 content, mass% - - 4.6 - 2.2 1.2
C7 content, mass% - - 50.8 - 58.2 64.0
Cis content, mass% - - 14 .4 - 17.9 11.2
Cio content, mass% - - 1.0 - 0.8 0.6
C;4 content, mass% - - 29 - 0.5 0.9
C,; content, mass% - - 2.4 - 0.7 0.7
C,, content, mass% - - 1.9 - 0.4 0.4
C,; content, mass% - - 2.3 - 1.3 1.1
C,4 content, mass% - - 1.7 - 0.2 1.1
C,5 content, mass% - - 1.3 - 0.2 1.3
C,6 content, mass% - - 0.9 - 0.4 1.2
C,7 content, mass% - - 0.5 - 0.0 0.9
C,5 content, mass% - - 0.2 - 0.0 0.7
Cs9 content, mass% - - 0.1 - 0.0 0.6
Oxygenate content, -~ -~ 0.2 -~ 1.7 1.4
mass %
[00115] While the present invention has been described and illustrated by

reference to particular embodiments, those of ordinary skill in the art will
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2. The method of claim 1, wherein the hydrodeoxygenation catalyst is a water

gas shift catalyst.

3. The method of claim 2, wherein the water gas shift catalyst comprises an

oxide of iron, copper, zinc, chromium, or a combination thereof.

4. The method of claim 3, wherein the water gas shift catalyst comprises
Fe3O4.
5. The method of any one of the preceding claims, wherein the catalyst

comprises a spent hydrotreating catalyst.



the nol ecular sieve is EU1, zeolite beta, ZSM 35, ZSM 11, ZSM 57, NU 87,
ZSM 22, EU-2, EU-11, ZBM 30, ZSM 48, ZSM 23, or a conbination thereof; the
met al oxiwe 2bizmdesici n powder form has a surface area of PCOM@SAR/AH43979 | ess;
the netal oxide binder conprises at | east one of silica, alumna, titania,
and zirconia; and t he hydroi sonmerization catal yst al so conprises a
pronoter netal selected fromthe met al -0f G oup VIl of the Periodic Table
of Elements. 11. The nmethod of any one of the preceding clains, further
conprising m xing the hydrodeoxygenated product with a hydrotreated m neral
hydr ocar bon 6st r edhe hnethodgfalaml X, wheron therspeont hyalbofaatiB@ caplyst cymprésss and a

nitrogen confent of a 3 r l.ess.. = - . _The thod of claim
T Wherei n ot RERP BT iR ROy ot e stodieEbIE oF P B il i eccl

and/ or hi ghghe bR BrSupP I bPtheTRMG8ic Tabk of@nREshod of any one of the
precedi ng clains, wherein the feedstock conprises at least 5 % of a

m neral hydrocarbon conponent having a sul fur content of about 100 wppm or

| ess and a fit r ogbdmedivdericlasm Gdgteinthogpent bidreteansing catalystrepampriiehod of
claim13, V\/ﬂﬁrag%l;&&eangi ggﬁ%e%raﬁaﬁgh{?n conponent conprises a kerosene
S 15" € nethod o

boi l i ng range ream “any one of clains 13-14, wherein
the feedstock has not previously been catalytically hydrotreated.
8. The method of any one of the preceding claims, wherein the vapor effluent

is used as a refinery fuel gas.

9. The method of any one of the preceding claims, further comprising
hydroisomerizing the first portion of the liquid effluent prior to recycle in the
presence of a hydroisomerization catalyst; wherein the hydroisomerization
catalyst comprises a molecular sieve having a Si0,:Al,O5 ratio of 100 or less, and
a metal oxide binder, and a ratio of zeolite surface area to external surface area of

at least 80:100.

10.  The method of claim 9, wherein one or more of the following are satisfied:

the molecular sieve is EU-1, zeolite beta, ZSM-35, ZSM-11, ZSM-57,
NU-87, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination
thereof;

the metal oxide binder in powder form has a surface area of 100 m?/ gor
less;

the metal oxide binder comprises at least one of silica, alumina, titania, and
zirconia; and

the hydroisomerization catalyst also comprises a promoter metal selected

from the metals of Group VIII of the Periodic Table of Elements.

11.  The method of any one of the preceding claims, further comprising mixing
the hydrodeoxygenated product with a hydrotreated mineral hydrocarbon stream
having a sulfur content of about 30 wppm or less and a nitrogen content of about

30 wppm or less.
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12.  The method of claim 11, wherein the hydrotreated mineral hydrocarbon

stream is in a diesel and/or higher temperature boiling range.

13.  The method of any one of the preceding claims, wherein the feedstock
comprises at least 5 wt% of a mineral hydrocarbon component having a sulfur
content of about 100 wppm or less and a nitrogen content of about 50 wppm or

less.

14.  The method of claim 13, wherein the mineral hydrocarbon component

comprises a kerosene boiling range stream.

15.  The method of any one of claims 13-14, wherein the feedstock has not

previously been catalytically hydrotreated.



