WO 2012/ 012091PCT/ US2011/ 041769 1 | NTEGRATED GAS AND LI QUI D PHASE
PROCESSI NG OF BI OCOVPONENT FEEDSTOCKS FIELD OF THE | NVENTI ON [ 0001] The

i nvent i orwo=ordliai9ed to the hydroprocessi ng of feeds toPCoruse@idussel fuel
product. BACKGROUND OF THE | NVENTI ON 1[ 0002] A variety of potenti al

bi ol ogi cal sources exist that can provide hydrocarbon nolecules with chain
| engths that are roughly appropriate for conversion into a diesel fuel.
These bi ol ogi cal sources can include vegetable fats or oils, animal fats or
oils (including fish oils), or even fats or oils derived from al gae. Based
on regulatory activity by various governnents, fuels derived from such

bi oconponent SOUFCGSD&NHSHAj@&bEABQU%B[ﬂ@UHEBHhBEWR(kHﬁQMN@nt in the future.
[0003] Unfortunately, processing of bioconponent naterials in conventional
hydr opr ocessi ng equi pnent é&Hﬂggl@Q finery perspective. In
particular, published literature reports of hydrogen consunption of
bioconponenkgﬁﬁ_?gggﬂiﬁﬁa%gg_ifproceSS|ng i ndi cate hydrogen needs in excess
of 1000 scf n addition to requiring | arge anounts of
hydr ogen, hyeoapr OCEISﬁhrﬁ@ntﬁkfn igrddt@rcto mrafyaiprdces theloy Re@do | fyrnl £aide1 t 0

producti on gf CO and . These contam nant species can be pose probl ens
for convent %%Hﬁ’ﬁ?drogen scrubbing systems, making it difficult to recycle

t he excess hydrogen used for processing the bioconponent feed. The
byproduct gBMKGRQUNDGF KHEWNVENdIGNr eat i ng cat al yst poi sons.

[ 0004] I nter nal S s a multi-stages
hydroprocesi‘wrgg?proézgggle <§tg&ﬂg@%(ﬂéﬁkﬁgﬁgﬁggﬁgg%%ggqﬁghpfesh feed is

di vi ded i nt byr&rombqneﬁolen‘ulqsmﬁnchms lenAthk thaf ark Mgh}ydip;xgmnatéfmamrs&msl ng the
feed is |ntr reactor sta ort.ions of feed
e it rodudty® A 8o bRs kR RERR Rt B xRl PBReeBY hhbEhes ar o
descri bed aﬁnhavhh@naumﬁgﬁmﬂMQM$rgﬁﬁiﬂh&ﬁ@b&hﬂvmbhﬁﬁﬂgm:Bﬂﬁﬁﬂnon t he
addi ti on of ad i tional in subse t sta h@ descrlbed that the
final stage( W%%C“é(l }ﬁf"i‘riﬂh‘éﬁgwfﬂ? tsdﬁ’ﬁﬁ éirﬁfﬂ”r‘%}’r‘f HEOMeHE onal 1y, a

portion of ts&ecdslaﬁmﬂ@lypb@eluﬁeaﬁﬁglybﬁpdr@ﬁmﬁlt@cfuam conbi ned with the portion

of the fresh feed entering the first reaction stage. _
[0003] Unfortunately, processing of biocomponent maferials in conventional

hydroprocessing equipment can be expensive from a refinery perspective. In particular,
published literature reports of hydrogen consumption of biocomponent fuels during
hydroprocessing indicate hydrogen needs in excess of 1000 scf/bbl (170 Nm?*/m’). In
addition to requiring large amounts of hydrogen, hydroprocessing of a biocomponent
feed typically leads to production of CO and CO,. These contaminant species can be
pose problems for conventional hydrogen scrubbing systems, making it difficult to
recycle the excess hydrogen used for processing the biocomponent feed. The
byproduct gases are also known hydrotreating catalyst poisons.

[0004] International Publication No. WO 2010/002903 describes a multi-stages
hydroprocessing process and apparatus. In the process, a fresh feed is divided into a
series of portions. All of the hydrogen for processing the feed is introduced into a first
reactor stage. Additional portions of feed are introduced into subsequent reactors. The
initial reactor stages are described as having a continuous gas phase environment.
Based on the addition of additional feed in subsequent stages, it is described that the
final stage(s) have a continuous liquid phase environment. Optionally, a portion of the
liquid product can be recycled and combined with the portion of the fresh feed entering

the first reaction stage.



WO 2012/ 012091PCT/ US2011/ 041769 2 [0005] U. S. Published Patent Application
No. 2009/ 0095653 descri bes a hydroi sonerizati on process. The

hydr oi sorwoi2aetiieovli s perfornmed in a reactor that has aPsuhst@Enouebd y
continuous |liquid phase. An excess of 2hydrogen gas can be present beyond
the solubility limt of the feedstock. However, the flow ng mediumin the
reactor is described as being substantially |iquid-continuous. The excess
hydrogen gas is described as allowing the |liquid phase to remain saturated
wi th hydrogen as the reaction proceeds. The hydrocarbon feed is described
as being a Fischer-Tropsch feed or a hydroprocessed vegetable oil conposed
primarily OiomﬁwaraﬁisnﬁmﬁﬂmhbﬁﬁQ&qucéﬁﬁ}&ﬁﬁ@@ﬂmggﬁbQ%aﬁﬁ&ﬁﬁ- [0006] U. S.
Pat ent No. 7,291, 257 describes a system and nethod for two phase

hydr opr oces $¥#giseperizatiphrpesss. f Bisdydriremgeieation isi nsrfamacdrin pegctasthal hapwi ng f or
hydr opr oces %ISﬁv&m\ﬁﬁﬁryecoh%oﬁ@ﬁgn& PhaSé.F £HLALS Jf‘xgggg&q{gag% WRipr@cfiepar at e

hydr ogen phase throu?h_the catalyst is elimnated. Instead, the hydrogen
for the hydbeymndswseluhgity BmioEthelfsediiotkn Haveveretd flowhigapedsmmin the| ude a
diluent to i - I - of . di e i.Lable for
eact on. The B Fugt e R R Bl e RSBk O

hydr ogen solisdsdribeq ay dloatinatbe tiquid pleas¢ wadmaitseumicdnpihdydkedasithient s are al

ei ther recy i.on - - i | undergo a
cher cal - onsrgio e e by BTRRAER L 85CuR RBRRL o P ab R

amount s of hydhphenogasd vegetdbée pF @seotedphinabibutl n1%Hns ihdeCrtelCat i ve to the
total vol une gf thqﬁreactor. [0007] U.S. Patent Application Publication No.
2009/ 009565 1*'d&E LY égméahydrocarbon conversion process for a mineral feed.

The process [0006)] vedJ 5 WantchoN6Ss7, Bf 1, 230lasdcaibdsl aadybtymlah@ e tho® i@ $@0 phase
hydr opr oces

ng. A substantially Iiquid-phase hydroprocessing zone is
descri bed az_yqlr_gvpﬁegﬂﬂ%/aﬁaolaglﬁraéﬁfa%dﬂfedﬂ?th@] lﬁéésar%%draéaﬁ?‘iﬂﬁg cess of the
sol ubi ity hidibprosRsihddherd tiMREd to\@aPAhte POGSEonl s 8 SQRpRERIGMogenTih@scef f | uent
fromthe first zone is delivered to the second zone substantrally undil uted

by ot her hydreesdrtbostadyst Bgminagdp fistbihohydrogsn &rthe fydtorfacsitingtie” second

zone can_be g eyl if thetfOedt Bich BRLCILAT a dikRnd b fiktcalOMEovd ALARI: ot  Pat ent
Application Publication No. 2009/0107033 describes a hydrogenati on process

for feeds ceialiasigroest bousls for ssrieny. e dilveat is demribed stbemaadnatarial r eat ed
V\Xot 20 2% %‘i’gggvln%ﬁ%% gfgdlr?g’%%%gw RLTER e f8d. el kShplB! ARSI NG 5 20€. The

either recycled portions of processed feed or donor diluents that undergo a chemical

change in order to provide hydrogen. Optionally, additional amounts of hydrogen gas

may be present of about 10% or less relative to the total volume of the reactor.

[0007] U.S. Patent Application Publication No. 2009/0095651 describes a

hydrocarbon conversion process for a mineral feed. The process involves two zones of

substantially liquid-phase hydroprocessing. A substantially liquid-phase

hydroprocessing zone is described as having hydrogen added to the feed stream in

excess of the solubility limit so that a small vapor phase is also present. The effluent

from the first zone is delivered to the second zone substantially undiluted by other

hydrocarbon streams. A portion of the effluent from the second zone can be recycled to

the input for the first zone.

[0008] U.S. Patent Application Publication No. 2009/0107033 describes a

hydrogenation process for feeds containing carboxylic acids or esters. A first feed is

treated with hydrogen, such as by hydrotreatment, in a first processing stage. The



3 product fromthis stage is then conbined with a feed contai ni ng
carboxylic acids or esters, and treated to convert the carboxylic acids or
esters i nwo 2nipdnewar bons. [0009] U. S. Pat ent Appli cati onPPuhiSe@atouyng No.
2008/ 0173570 descri bes a process for Bydrotreating a m xture of petrol eum
cuts and oils of animal or vegetable origin. A petroleumcut is
hydrotreated in a first catalyst bed. The effluent fromthis hydrotreatnent
is then conbined with an animal or vegetable oil and hydrotreated in a
second catal yst bed. SUMVARY OF THE | NVENTI ON [0010] One aspect of the
invention relates to a nethod for making a diesel fuel product, conprising:
contacting rofustefo thiseegs isakdn doaibinRg wathaUtddwon@mieeatboRlicalcids @ast about
500 wopm with a hydrotreating catal yst under effectjve hydrotreating

condi tions FHCIE MW HrYet Lomentthe eaabdrylic aqidstor etiems it BYdo@B®s-nuous gas phase

to make a h?ﬁﬂg@ﬂreat@§. 1&idn} !ﬁlﬁﬁﬁcﬁti&?ﬂ%‘ii@étfoﬁ@iot. heosin s Ploreatises aﬁér&e@_@”t into

at |east a di esel boiling range product, a hydrotreated liquid slip
stream and fer hydrotrpaimg e nprothudpetrelpin giteansd oils of friimgl o ypgpsably gtiictAand t he

hydlr ot reat el kgl ! BrFLAEFR A ARy, Sl IME RBY SRl i, about 5O uppm o

| ess; mxin rotreated | I'p streamwth a recycled product
stream and hpdrbirea¢oen ortbent cohdatd nathiangnianl oxsegetable ot pehity doftreated Inemast  about

8 % to fg&%hggﬂhéggednput stream deoxygenating the m xed input stream
under effective deoxygenation conditions in a deoxygenation stage having a

cont i nuous Liﬂ@hggggiﬁﬁﬂﬁgﬁghﬁﬂﬂsﬁt to forma second diesel boiling range
product and > ; tream the m Xxed input stream having a
first hydr ogmoqle_ed Ot ket SaRXMoameh t®iss 18 AGheafk st hdknga digki Reof the
hydrotreate |qy|d slip stream and t he bi oconponent feed in the m xed

i nput st r eaffoflfl @npERHE APt nR2 gure decHstarkdiyeiiedealfirepnieHot A IR8H | nput

streamin t Qﬁou@@@@% %ﬂl%@lyﬁl%trwtfng icﬂa@&%ﬂ&er@%é&fvethg)@fo{ré:artiﬁ% C q{oﬂgen need.
[ 0011] Anot her g;ﬁec of the’invention felates to a nethod Tor nmaking a
0j

di esel f uel ipt bdieitcatneenpysastel the:-incdesies aeeritingous gas plasalo nakeddydekeasvi ng a
sul fur cont f - i reat | at al yst
under effec?ﬁ%€8h§%%g%ﬁ§§%Pﬂg&%%ﬁgggyﬁﬁgﬂ%ﬁhggﬁgég%g%g%Pﬁgﬁ%%%égctor t hat

i ncl udes a opodtétnuldsotyasd phadelip grepmkanda day dhast pediedhediksclibaiting separ at i ng

B I
ef fl uent i ntS6 wapfiar &iss; Epap dtechydotared fuidsig sucdedithalrtcyclod produgt r i pper
stripping t Qt?eam\{\gl(? 2(1) gi%éo%p%(r)lgn]f I?ee /haLljvslgg a]fnlégdfgg'rz cGO%tent of at least about 8 wt%, to
form a mixed input stream; deoxygenating the mixed input stream under eftective
deoxygenation conditions in a deoxygenation stage having a continuous liquid phase
environment to form a second diesel boiling range product and the recycled product
stream, the mixed input stream having a first hydrogen need in the deoxygenation; and
adjusting a ratio of the hydrotreated liquid slip stream and the biocomponent feed in the
mixed input stream while maintaining a second hydrogen need of the mixed input
stream in the deoxygenation to within about 5% of the first hydrogen need.
[0011] Another aspect of the invention relates to a method for making a diesel
fuel product, comprising: contacting a mineral feedstock having a sulfur content of at
least about 500 wppm with a hydrotreating catalyst under eftective hydrotreating
conditions in a hydrotreatment reactor that includes a continuous gas phase to make a
hydrotreated effluent; separating the hydrotreated effluent to form a hydrotreated liquid
effluent and a gas phase effluent containing H,S and H,; passing the hydrotreated liquid

effluent into a first separate volume of a divided wall column stripper; stripping the



4 hydrotreated liquid effluent in the first separate volune to forma |ight
ends fraction, a diesel boiling range product, and a hydrotreated liquid
slip streamotda209ght ends fraction being passed into &Ctarspon/oyobune of
the divided wall column stripper, the4diesel boiling range product and the
hydrotreated liquid slip stream having a sul fur content of about 50 wppm or
| ess; mxing the hydrotreated liquid slip streamwith a recycled product
stream and a bi oconponent feed having an oxygen content of about 8 % to
forma m xed input stream deoxygenating the m xed i nput stream under
effective deoxygenation conditions in a deoxygenation stage having a

conti nuous hi@diréhtdINRSR EMnt PNREMAGt doParktof Blumec de XM aAeRAt @ds ahdtlouant ;
separating the deoxygenated effluent to forma_ deoxygenated |iquid effluent

and a second g SoNRG B PO fnd @ Mntrafeatsigidetslingcinnhefigdtendy t he

deoxygenat egrabtiAWHcrhePhisbd RN a &M RorPy FERONUSEPREA Sl YO HABriBherangi vi ded
wal | columm stripper; and strleﬁing t he deoxy%gnated liquid effluent in the
§ 1

second sepatligtd bobing vt Brofiest an rdaEeaqddigpidstip streapahey ing g sulilsecond

di esel boi | fgedt 3PARUPSPIMSTH or RANmiBE: MERYEOBARRHHGHp StdakANKL 4 he second
| i ght ends fraction being passed into the comon vol une of the divided wall

col um st ri piseeled BRIKE SIBRSCRIATHGNNERNTRCHRAK NGO XYRO0LR]eR ¢ abqut 8
schemati cal |y, s F£act | S {0g: t.o- i.pent of the
hventi on. . T56LaTErE SRRk b A Rk i SRS cor di ng 1o
an enbodi nerffeaifve Hémy gamaeort dooditiofis00 24 y&nagors sthgrtaving alcbytinghevisiual porti on
of a reacti t. rdj 0 a di_men e lnv [ pn
f01s 1 G SasE KR RER S b 8 Pl SRR IR e WS EEINET or di ng
t o an enbodiffliit tofortnreadcoxyeemitedlitui OEMdnk bid DiESERIdad pliast GHuditiE PREFERRED
EVMBODI MENTS

containing CO, and CO; passing the deoxygenated liquid eftluent into a second
separate volume of a divided wall column stripper; and stripping the deoxygenated
liquid effluent in the second separate volume to form a second light ends fraction, a
second diesel boiling range product, and the recycled product stream, the second light

ends fraction being passed into the common volume of the divided wall column

stripper.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 schematically shows a reaction system according to an embodiment
of the invention.

[0013] FIG. 2 schematically shows a reaction system according to an embodiment
of the invention.

[0014] FIG. 3 schematically shows a portion of a reaction system according to an
embodiment of the invention.

[0015] FIG. 4 schematically shows a portion of a reaction system according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Overview
[0016] In various embodiments, systems and methods are provided for producing
diesel fuel from a mixture of mineral and biocomponent feedstocks. A mineral feed

can be hydrotreated, e.g., in a trickle-bed reactor or other stage in a continuous gas



Overvi ew [0016] I n various enbodi nents, systens and net hods are provided for
produci ng diesel fuel froma mxture of mneral and bi oconponent

f eedst ockwO 20umilip@nal feed can be hydrotreated, e.g., | RrCa/useéchEebed
reactor or other stage in a continuou§ gas WD 2012/012091PCT/US2011/ 041769
5 phase environnment. The effluent fromthe hydrotreatnent stage can be
separated to renove gas phase inpurities. The remaining liquid effluent
fromthe hydrotreating stage can then be introduced, in total or in part,
into a second stage or reactor. A feed of bioconponent origin can al so be
introduced into the second stage or reactor. The second stage or reactor
can be oper ahfd ch@ropREhO Mt dFRXMFRNAIhE BIrehcathiat Blagd dah ®c &dpahitcaconponent
feed and hydrotreated |ljquid effluent in_ a continuous I|qU|d hase

envi ronment FeRRYE &% PaES inghgitigso Ve FRneviee liquwidelguent heagle ykietreat

hydr ot r eat me@be &haR ¥BMrdAGcddefabthesd it ParBntda &bﬁ@&qxﬁ%ﬁﬁanﬂhkh%dthe
| i qui d- conti nuous phase nmay be referred to as a "second" stage. It is

under st ood ChBPCqIRINGH SrigiEaBalp/bR Birp@sedinin the pegard daeg of Fractor. The

I'i qui d- cont kQuRY§a RNASECRE @egleoeco%l@ra{eﬂ% MR AW oG LGB Sithe RUFREHE Of St ages,
reactors, and/or beds, whether described herein as a single stage, reactor,

and/ or bed bKweﬁpWﬁh@@%hﬁﬂévégégﬁﬂﬂéﬁ%i%ﬂ@ﬁﬁHﬂﬁﬁ@ﬁmh@ﬁEQH@DEQW]B|oconponent
feeds can PLedfiih. NADRL, £f GRBLLARARS ol ol QEEIRLG drdrGRRYEN! | Onal

refinery equipnent. [n a typic rlck reactor, arge excess of
hydrogen i s stagpinenbd pfansd b dur'ifing” prsodeisitingiqid-eonfiseds piidse sapkeess

hydrogen is tf&?&i td G- alcgn\(i” st é/ CI][ 1% Ptflei%too"ﬁ(sjtﬁat ¢k g%agglt‘lasgﬂedr e%?rgeﬁ stg d/or in

ot her reflnery process i oconp ent feed
can produce asdiths ﬂ1qmﬂ+caaht1rmnmm:t1® sm‘ge ca mcﬂdde&a& coﬂ"haﬁle@@@é}eeo%t%ds f rom

processi ng a_bj oconp one di.ffi cu t, to se

Pvar ogen oraPR AR errBa R FRMBRERTYP o1 £Hhile st ERGR RUORT Sl at ed oo
can contr|bu§Emh@kamgmn&ma@$;m@kyba@rr05|ve environnment within the

equi pnent , require an upgrade of terials for any equipnent
exposed to m@]or r GHPSPETPERRA! FSHHERPrestl iy mAcf SR ISPERfRIPTes e sERtR nuous

l'i qui d phaseofRMiidnandBiry EQlipHaexaasitd ancked bddheackiraciap erei off eed can
mtigate and/ or avoid sone ? of these problens First, a relatlvely | ar ge

excess of hyu¥egds W@loegbpm%ﬂwylgrm@ceﬁwﬁ fradepds JiissrerseBxdroggniinthen cont i nuous

l'i qui d phas%mﬁﬂﬂb&&ﬂ@%@hnL$@§Rﬁﬂénm%ﬂm@&QH&%rBﬂmﬁyﬁmﬂgg%nﬁﬁﬂﬁérab'e to the
hydr ogen need for the feedstock can be used. This avoids the need to purify

and recycl e Uskaasaichydnosygsnatingarhiecrmpencagicdigadrodyec pivolertin pmeuntthed
bi oconponented £A458,06% CBF %&%{%dgr%mgﬁhée n%oef l?lbé/ﬁﬁji{ep%%ﬂ fled APbe AIRRGRSArY, the

nunber of separation conponents ownstrea reactor exposed to a
pot enti al | y tewparesifiom emydrogsnventtinmgstredns oAdrbtionety cedternaigdd, the

2012/ 012091 g%agéiz@é}éag%%gtggutg to an increasingly corrosive environment within the

equipment, which may require an upgrade of materials for any equipment exposed to
the corrosive environment. Using a reactor with a continuous liquid phase environment
for deoxygenation of the biocomponent feed can mitigate and/or avoid some/all of
these problems. First, a relatively large excess of hydrogen is typically not required for
processing in a continuous liquid phase environment. Instead, an amount of hydrogen
comparable to the hydrogen need for the feedstock can be used. This avoids the need
to purify and recycle excess hydrogen from the stage used for processing the
biocomponent feedstock. Because recycling of hydrogen is not necessary, the number
of separation components downstream of the reactor exposed to a potentially corrosive

environment can also be reduced.



[0018] I n an enbodi nent, the input streans to this second reaction stage can
al so include a portion of the effluent recycled fromthe second reaction

st age. Bywoant®mResg t he bi oconponent feed with both a recyaisedisifbuent
portion and a hydrotreated m neral poftion, the processing requirenments for
the reactor and the characteristics of the product fromthe second reactor
can be controll ed i ndependently. For exanple, a bioconponent feed can have
a relatively high hydrogen need for processing, as conpared to the
solubility of hydrogen in the feed. Rather than attenpting to increase the
anount of hydrogen delivered to a stage to match the hydrogen need for an
undi | ut ed bijgmPoNaRtn tﬁ@&hlm&heth@ingaq,tmaﬂsetethlt 8REnCRI:BE shbendadoor

di |l uted mnth anot her feed that has | ower relative hydrogen need. Exanpl es
of feeds wi ﬂ%lqdé\wprtw@|05thwﬁluﬁ9td?<‘cy@@ﬁ f@éﬁh%tfgowatﬁaqnﬁ@ﬁtaaﬁ‘eg%f evi ously
processed f egdsining mlac% bR f&l&lwyth'Bmtra%cry%ﬁa%ﬁlu@h%hﬁtn 2hggds and/ or
recycl ed products [001 9 n various enbodi nments, a bi oconponent feed can be
i ntroduced ihmdretreptqsroiaersspanigons the geoogistng rbwtnhmanth*;imrﬂ@trp@&tré@ldthﬁner al feed
and a recycl a&érﬁg&éc&ft&tﬂr &ﬂ%er&gcéﬁﬁtr&cﬁr Eafn%tc%f}'t B! enhéﬁg. and a
recycl ed pro uct portion a oms or greater control during processing. In
addi tion t oFbeiagpkbi botanmeredtcdzan byvice rehtivehelsph hidsesnponiit f eed
relative to hayi.n | e make-up of

t he | ower rg%%%gmg 7 ¢ gﬁ%%%gﬁﬁ%%wgﬁggPYEéQy%%%gﬁgﬁglon%ﬂ??h%t alternately
be sel ected atngmpttmgttaf mktenseghd dmeounadfi hydoiehydivatd eat egzerno metchlthef eed and

recycl ed prod no chal | en ed.by the ocessi ng of
bioconponen$y¥8%ﬁ§£?£§?£T ‘%H%FSKFﬂﬁpﬂggtkggﬁ?&ﬁtﬁﬁmﬁﬁtfﬁa ﬁ?gFoproceSS|ng
of a fresh bicadeinpdiiend witkatbthdrfced tlmhmnlbbvanalanterli}@ldgeﬁ b&d Eekaapley
processing o nt feed cgn result. i.n reIat| Iarge exot her ns,

per haps due® %8m¢ﬁ@' @g§t$ Hys/hydiessa ﬁ@?ﬁ?Sﬂt%ﬂP@Hﬂ?@Wﬁ %?%@ fdonent

feeds rel at k¥ ab @rovionsy al dribeeds mibtahfes®laad/biebycldddpi@Rcexot herms can | ead
to flow maldistribution, |ocalized hot spots, reaction activity changes,

and/ or reacl9Y9]sel devangus gmbedimariar birsomppncyt Leheasrheilgfedncadin® Rl e- bed

reactor, ongr30l %s%@e&ﬁhg&ﬁg|?&%w&h&ﬂmﬁéﬁlﬂ@iﬁﬁhﬁ%&m@%ﬁﬁ&&@ﬂ%ﬁﬁ the
rel ative anount of bioconponen versus a previously processed feed (or

ot her feed wdﬂmgaow@dm@d nhyeldepsring e pectielpd priedvch gertieri allqytsdorgreddeict or . By
contrast, ?rﬁﬁﬁ'ﬁﬁrﬂ% gter i¢h thibGiH %Ea@?dk%te@yﬂdﬁos ihonment can

advantageous y prOVI eat Si any exot herm gener at ed
during WO b@@@ﬁ@l@@gmﬁﬁfkwsﬂ©I@ﬁﬂm&mg9lﬁmmvdﬁopmméegswhgmn¢thibloconponent

feed, whi Chgl%gg Oﬁ‘p% t%X"lepe re%éﬁ@l&%&dioé&%&e%a}‘nﬁ %@éd carﬂl a%ﬁlt%ﬁ%ﬂggbg .aftgﬁat&?l ative

anmount s of onent VI OUs processe
be selected by controlling the ratio of hydrotreated mlneral feed and recycled product.

[0020] Another challenge posed by the processing of biocomponent feeds is
related to the heat generated during hydroprocessing of a fresh biocomponent feed. In
a conventional trickle-bed reactor, processing of a biocomponent feed can result in
relatively large exotherms, perhaps due to the relatively large heteroatom content of
biocomponent feeds relative to mineral feeds. Such relatively large exotherms can lead
to flow maldistribution, localized hot spots, reaction activity changes, and/or reaction
selectivity degradation. In a conventional trickle-bed reactor, one solution to problems
with exotherms can be to reduce the relative amount of biocomponent feed versus a
previously processed feed (or other feed with a reduced hydrogen demand) introduced
into a reactor. By contrast, a reaction stage having a liquid-continuous environment

can advantageously provide a better “heat sink™ for any exotherm generated during



Feedstocks [0021]In various enbodi nents of the invention, the feedstock
can include feeds from bi oconponent sources, such as vegetable, aninal

fish, andwonomliga®1 General ly, these biol ogical nmaterialPsTiusedinder7éeget abl e
fats/oils, animal fats/oils, fish oil&, pyrolysis oils, and al gae
lipids/oils, as well as conponents of such materials. Mrre specifically,
the lipid material includes one or nore type of |ipid conpounds. Lipid
conmpounds are typically biological conmpounds that are insoluble in water,
but soluble in nonpolar (or fat) solvents. Non-limting exanples of such
solvents include al cohols, ethers, chloroform alkyl acetates, benzene, and

combi nat i ongydibgoessing QﬁbZlﬁ])Mhip@ﬁerﬁ k&asﬂﬁcmanlau&wd& glréh‘fdrlﬂldﬁbﬂﬂﬁuffn are not
necessarily Ylﬁlted to, fatty acgjds, ycerol -derived |ipids élncludlng

fats, oils aﬂeptlﬁ%@ﬂ?ﬂaﬁwemﬂ&&l)ﬁs 0§B‘ﬁF%’@6’§F‘Héeedc?€ii pPirERusly moa%ssiq ¢ udi ng
ceranldes cerebrosi des, gangliosides, and sphingonyelins), steroids and
their derivéﬁﬁk@dﬁ terpenes and their derivatives, fat-soluble vitam ns,

certain arofiaig comRoALE cuB0db 0GR e LcRhel5. aRd waXeS. 1[0023] I n
| i ving organi S neraPF asi s for ¥ "fenbr anes

and as a f ofmsnﬂﬁocfombnam m‘u&g@, sudh mwdgetaﬁﬂen aﬁllrrﬁlh fibke ahdondgaojeugaliyyd w t h

protei ns or .carhbohydrates h as i rm.of i r.ot ei ns and

i popol ysac it li’lag’él.cal[%ag%ﬁ‘ Wiﬂ Vé3§etgtfle Vt}gsé(éfa%ﬁl%alg?tf/gﬁg ﬁlgl? °'¢an be used in
accordance iiolystshils, andwignd ligdds/diRCAsuete], as bohp@iests 0Ofuch hlei'tefr@@ Mard apeseed
(canol a) oil coconut. oil, sunf] owe |I, pal m

e
kernel oil, Iﬁ)eé%f‘r‘% ?ﬁelhplcl AERY dncdides ofegrmogs fype g Fpﬁ‘!i 8‘?WFP oupdss ttdhidoi |,

j atropha oi kemp&in@dare @plloaupbiou@lcel domthlﬁ?ﬁlﬁ@ﬁlrtehsblubféaﬂﬁilateﬂEbuﬂslohublesaf f 1 ower
oil, babassu oil, tallow oil and rice bran oil [0025]Végetab|e Qils as

referred to haneplAr ©afDarlsnt niphrliaiifessuarswrhsugdetohtsnis siyde gleobgls. o

Non- 1i m ti nginexadnmre®rif i a&essestnya@elARbebRhlionIRiedral include fatty
acids and fatty acid aIkyI esters. Al kyl esters typically include Cl-05

al kyl ester$0023he orMuordassds ofrtipidy include.tyt are apichepsepify limsedetpsfatiy e
pr eferred. ngg %%Eé@ﬂ@érﬁfgd Rﬁld?‘@ﬁ%mgf ﬁ{ssmfsaﬁa pff(@ﬂh(ﬁﬁmﬁf @&uﬁg%sﬁg cordance

with the invent
derived lipids (including ceramides, cerebrosides, gangliosides, and sphingomyelins),

steroids and their derivatives, terpenes and their derivatives, fat-soluble vitamins,
certain aromatic compounds, and long-chain alcohols and waxes.

[0023] In living organisms, lipids generally serve as the basis for cell membranes
and as a form of fuel storage. Lipids can also be found conjugated with proteins or
carbohydrates, such as in the form of lipoproteins and lipopolysaccharides.

[0024] Examples of vegetable oils that can be used in accordance with this
invention include, but are not limited to rapeseed (canola) oil, soybean oil, coconut oil,
sunflower oil, palm oil, palm kernel oil, peanut oil, linseed oil, tall oil, corn oil, castor
oil, jatropha oil, jojoba oil, olive oil, flaxseed oil, camelina oil, safflower oil, babassu
oil, tallow oil and rice bran oil.

[0025] Vegetable oils as referred to herein can also include processed vegetable
oil material. Non-limiting examples of processed vegetable oil material include fatty
acids and fatty acid alkyl esters. Alkyl esters typically include C,-Cs alkyl esters. One
or more of methyl, ethyl, and propyl esters are preferred.

[0026] Examples of animal fats that can be used in accordance with the invention

include, but are not limited to, beef fat (tallow), hog fat (lard), turkey fat, fish fat/oil,



i nclude, but are not limted to, beef fat (tallow), hog fat (lard), turkey
fat, fish fat/oil, WD 2012/012091PCT/US2011/041769 8 and chi cken fat. The
ani mal f awve 20em1b®1obt ai ned from any suitabl e source i neCudise@1nesbaur ant s
and neat production facilities. [00273Animal fats as referred to herein

al so include processed animal fat material. Non-limting exanpl es of
processed aninmal fat material include fatty acids and fatty acid al kyl
esters. Al kyl esters typically include Cl-05 al kyl esters. One or nore of
met hyl, ethyl, and propyl esters are preferred. [0028] Al gae oils or |ipids
are typically contained in algae in the form of nenbrane conponents,

storage productifckead. Mrd anahlithesan Kiblanicd fdhOaly sGitdb® JdSice RRIUdigUl arl y
m croal gae such as diatons and c %anobacterla contain proportionally high
| evel s of | Fisiayeants and meatpefueien gfitigshe al gae oil's can contain varying

anounts, €. gg(2 ?r OmA?nﬂﬂgllo/ﬁltrst A Y8 Rdreih Rb %ludpﬁﬁw%&s&f‘antlrﬁ&l%t wei ght of the

bi omass itself [0029] Al gal sources for algae oils include, but are not
linmited to, masrieke| Nap- lamtlagwmlets|0éétqc@sb%ﬂanan@é@ ma@r@hﬁllck@ée tfty g¢idh al gae

include ar Qﬁ)&iﬁﬁgx&& alk%ﬂ!s%'fsﬁ %M)‘l%steltgef}; nOI E%Lap o kgf LRePY G

gl aucophyt e, rarachni ophyte, eugl crypt ononad,
dlnoflagelImnve@hmﬁmphahkﬂmdpﬂwmﬁmwheﬂ¢mkéﬂeand conblnatlons t hereof In one

enbodi ment e ses. Chl orop eae /or Hapt ophyt a.
Spooi 1o spdBEC S et gu ity e BRRSRe N PR AEESR REBRR P+ o

oIeoabundansmnﬁaaﬂedﬁpﬁmﬁmdmﬁqthmﬁmmﬁmgM&maogmaccﬁnmgmgmam@dactyIum

tricornutum Pl urochr rae, ymesi um parvum Tetra ebnbs chui
bnd Ch army QBRBFRISY Bl EToh o LS PR B PP I DEPyi

?rmgnt s of feerst igiadsARaSetkcobiho CIRAPSRRAh cailii CaFing Athvamit,2geatsl y, the
eed can in

ude at | eas bou %.0of feed based on a bi oconponent
sour ce, forgéwgﬁﬁﬁg“ﬁf(ﬁgﬁg¥ &ﬁﬂﬁ?t@M%N f&?%Fﬁﬁg%mﬁBbut 1 W% at |east
about 3 “ﬂq’omﬁ?|ea%&1ﬁ@@M%mﬁbMﬂg%cﬁEnkﬁﬁ@%u@ﬁ@ﬁ&d&@&%&d@mﬁEmhﬁéé& about 15
W% or at leas abou? 0 W% In such enbodi nents, th can

addi ti onal | ynuiccloedgrat Exgmplecofieh g inclels axhodophyte.eBloraphytsi oconmponent
];reeflesfsor e)ﬁgtg%hlj?ntggﬁy\eé t%%ggﬂylteé/‘gg-ﬁcdpﬁ%; ch‘i’(}?ﬂ%hn%%h)\%,%g%n&&,s}ﬁptoméft 30 wt %
cryptomonad, dinoflagellum, phytoplankton, and the like, and combinations thereof. In
one embodiment, algae can be of the classes Chlorophyceae and/or Haptophyta.
Specific species can include, but are not limited to, Neochloris oleoabundans,
Scenedesmus dimorphus, Euglena gracilis, Phaeodactylum tricornutum, Pleurochrysis
carterae, Prymnesium parvum, Tetraselmis chui, and Chlamydomonas reinhardltii.
[0030] The feedstock can include varying amounts of feedstreams based on
biocomponent sources. Advantageously, 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%, at least about
15 wt%, or at least about 20 wt%. In such embodiments, the feed can additionally or
alternately include about 60 wt% or less of biocomponent feed, for example about 50
wt% or less, about 40 wt% or less, about 30 wt% or less, or about 25 wt% or less.
[0031] The biocomponent feeds useful in the present invention can include any of
those which comprise primarily triglycerides and free fatty acids (FFA). The
triglycerides and FFAs typically contain aliphatic hydrocarbon chains in their structure
having from 8 to 36 carbons, preferably from 10 to 26 carbons, for example from 12 to

22 carbons, from 12 to 18 carbons, or from 14 to 22 carbons. Types of triglycerides



[ 0031] The bi oconponent feeds useful in the present invention can include
any of those which conprise primarily triglycerides and free fatty acids
(FFA) . Theotizgliyweri des and FFAs typically contain ali phattseothpdrecar bon
chains in their structure having fron?8 to 36 carbons, preferably from 10
to 26 carbons, for exanple from 12 to 22 carbons, from 12 to 18 carbons, or
from1l4 to 22 carbons. Types of triglycerides WO

2012/ 012091PCT/ US2011/ 041769 9 can be determ ned according to their fatty
acid constituents. The fatty acid constituents can be readily determ ned
usi ng Gas Chromat ography (GC) analysis. This analysis involves extracting
the fat or @idbe Rl YD Y dicH Nz} £9) cdnbudndd. Tk faiy acidoffRidNRg an

al kyl (e.g. nethyl@ ester of the saponified fat or oil, and determ ning

t he type of CPhRR TR de@fleee%%llwg(?%lﬁﬂattg%g?@y (6 BrdysisnJdEiseMs a majority
(i.e., greatRbhkhanraofd th@fat tnttﬁl Ed’p?&'f)Mﬁ(ﬁ(h'}/%l}&h@?ﬁ@tfat'090111 hecphiift 4h materi al

can be conprised of Cl acid constituents, based on total

triglyceri délkglgemethyl @tsﬁéoﬁtil‘ioiia@(’ eckfat enoil, sk deframining the (yge 9Eeride is a

mol ecul e hayjhQgyifesds u%ﬁ%@%n'a%@t InC&h'e ehl‘Bo&di‘l%ntr §ﬁl‘§}oh%ﬂ(z produetingf 9l ycerol
and three fatty acid al thoug &a}mgwg yceride i's described herein as
i e

bei ng conpr P8%eobhe fr@lxcyrleﬁmr%nt ipthe C@m@eﬂlo@ftp@é@i afkat totthe fatty acid
conponent d %%ra@ atcoﬂﬁ%ﬁﬁaﬁdsw’ orCBRl ﬂg@c@rm&%&?ﬁ‘tﬂ fe h?gi Hac YA PERR

Addi tional ly ternately, a majorrty of ‘triglycerrdes present N t he
bi oconponent tiigegridars apn(ééoeteettalvyngbetrMntpndese‘dﬂ tfthQk2ction pELBctfdt ty aci d

consti tuent 51,cBP5A A0 1Al Aligd HALYGRLLAS GAVLENL . RLIBL hURGS, Blyf cod that

are derived®From Aw et e can acid
esters, suchomprisedbf ﬁittaamdls alsk(ydld essmrehesto@éﬂgt the Ea@fyﬁcmlmdmpmeﬁﬁ&ﬁ} noff 0032] The

f eedst ocks accor di 0 th vent can . ont ai ni. ng
conpounds ( AB6FEUPA Palih gy e GA-a3E, SRRt Sl SR R

ni t { 0og te n) cowpf Sigl}lcﬂgielc ]?ﬂ%@@itl ndﬁe _()labcbﬁ[ﬁ)ﬁblﬁtf&d c&ﬁprefdgibﬂydgﬁdbgnpgﬁed afict; ¥ T)]gen
conten , or s ur-contal nin onpoun r | at e ur

“oul fur bonCenedy Sy BspE bO SR AN DHSEG GrLTer. BUF VRg I SRga

f eedst r eans afeyRiical trom bRWRich Blagtohal@lay cdriptntitt EdgdudTainsadid ébters; Qithent s. For

exanpl e, a bi oconponent based feedstream can contain up to about 300 wppm
ni trogen, f 68t ExanprEY LTI 4pbatRat Wphti trogen. Instead of nitrogen

and/ or sul f ygo32y he pFHe’T@JdYtoB@a@Jo%ﬁ@f@tﬁé)ﬁ{P&ﬁ‘l%HEaﬂ anﬁi@&&%@%&ﬁmﬁg?eds i's
oxygen. Bi oconponent diesel boili range feedstreans, é.g., can include as

much as aboa@muwnle Ghlaryigied a%@ﬁveem or Xy gaicolanigat’ )atjtst@germomfeﬂ%@xygen
content, Or gy Jﬂﬂﬁ@(eﬁ%g hs Jn%ra@e{@ QX}{EI%g zﬁ&ﬂk‘ﬁﬁ? an@dt LA0L-Eortli R ”Pone”t

di esel b0| i ng rang streans, prior t rotfeat ment, can intlude a
| east about compauilothgenatcdnt éntfur”bo‘r‘suﬁwawpteet”ht | east about 8 w % oxygen

content. rri(i nal 1.y, or at %1 ream prior to
myar ot reat mi can Haraac KRG e ot BRE RPN SEENUBET S o6 for
exanpl e at Irﬂaﬁztelyab@mitr(@emﬁr%sorfuladonieﬁtas Foradaeniple 1ObiodMponent based
2012/ 012091P / US2011/ 041769 %
edstream can contain up to about 300 wppm nitrogen, for example up to about 100

wppm nitrogen. Instead of nitrogen and/or sulfur, the primary heteroatom component

in biocomponent feeds is oxygen. Biocomponent diesel boiling range feedstreams, e.g.,

can include as much as about 14 wt% oxygen content, as much as about 12 wt%

oxygen content, or as much as about 10 wt% oxygen content. Suitable biocomponent

diesel boiling range feedstreams, prior to hydrotreatment, can include at least about 5

wt% oxygen content, for example at least about 8 wt% oxygen content. Additionally or

alternately, a biocomponent feedstream, prior to hydrotreatment, can include an olefin

content of at least about 3 wt%, for example at least about 5 wt% or at least about 10



wt % The bi oconponent portion of the feedstock can have been previously
hydrotreated, or not previously hydrotreated (fresh). [0034]In various
enbodi merwe 20f2/t1b@1i nventi on, the feedstock can additi omrarius2an/oai7ser nat el y
i nclude a m neral hydrocarbon portionl0 A m neral hydrocarbon feedstock
refers to a hydrocarbon feedstock derived fromcrude oil that has
optionally been subjected to one or nore separation and/or other refining
processes. M neral hydrocarbon feedstocks useful according to the nethods
of the invention can include petrol eum feedstocks boiling in the diesel
range or at higher tenperatures. Additionally or alternately, suitable

f eedst ocks &an. i'Dll@bi@&d&nlﬁtﬂ@nt@o}tﬁ)nmfﬂﬁd@eﬂﬁio&l&cahfhevéﬂe‘éﬁ plebduilpn of crude oil
at approxi mately atnospheric pressure. A crude oil distillation tower can

general |y pi¥Ha @teéie%‘}"épreﬁ#o%)égy%?t_re&f%@?fﬁéri c gas oils. Cther exanples of
m neral hydjeesbon f egdst enksdimens bitet HlntioRUhe AkBstARcah hdlidHdiy & Vvacuum

gas oils, denetallized oils, coker distillates, cat cracker distillates,
jet fuel boRlt¢ragely asdpele dinynirpl hydecdrbertpdroen. A svnssd hedrpesithanrfgedsiaplye

distillate fré ttd é)ﬁgradr&cgﬁ)!on kéeﬁakgf(}eri%mfr&lq %'d@?ltl g@ﬁ%;gg&ﬁ&gg; bieQOBS] The

f eedst ock caggﬁave ninitia Ing pornt o out 115C, for
exanpl e at keagteddbour oriM@Csaparation helas othebelining poCessFurtiners] a feed can be
characteri Z§9dr99a§§o% st 08 RALT Ae?&d%f & Blgﬁ‘reﬁl%QS 81{1’5‘&' BaldoR At infuhgnper at ure
and/ or based” on neasurabl e proper 'e€ "'SUCH as ¢o FHOM/proper res (e.g.,
cl oud poi nt petrdfom fendt@hs boiligg inFhddiede] mggepoianbigeatenyeraiets. ned as t he

t enperature ,at. whi.ch 5% of the.fee i1l boi.l . Thus,.when the feedstock is
charact e > &0 AB s tmR e g Bt fetoske @ oS A Rt BEGT T onal |y
or al ternat dlsylifiimvef arudSoibai abproginpailnitmoiphatic peaate. abaude dibdiillation exanpl e

at | east about 175C or_at | east ahout, 190C. Further additionally o
al t er nat el y [OY%&2% gagallyripducsievrid) grades ¢iqlposy ?T}Ci%flﬁo'%oﬁfﬁer&f‘a%%iﬁfr 455C or

I 33 s, or ?F@rﬁﬁerﬂ%ﬁ@o@zﬁbdrﬂl‘éédst(ﬁﬁs @?%bgudé,aﬁfa@rno{ lﬁﬁﬁed t&td;?gthunE gle_rsltdﬂe,r _ f
a 1t1 ona y or t er nat y__t e eedst oCcK can nave A orLin p0|nt 0
about 440C &?m?@gée,d qilgrcoshissillates, i5af prackorist ﬁt%é%éu%?m&%wg%@@é%& | ess.

Wien the feedction, khecACHSRilZatkRBGBEcFRCEIOLEh RQLIMY, and ddhbelaAbeh poi nt of the
feedstock can additionally or alternately be about 50F (about 10C) or |ess,

for exanpl etl§BSlit 40F (about 4C) or |ess, about 25F (about - 4C) or |ess,
bout 10 t £ - 11 | tely, th
or abou Tﬂdﬁ?ﬁu Th%?i&hstgik Jaﬁ?ﬁ%e a'1:1‘Jﬁ1Tt1F‘leJo1lﬂ1§g>B%1:tjt9f‘agEa{t a%uta}lgcﬁsgl’ ely e

cl oud point "of e feedstock can be at | east about - for
exanpl e at XD ROAA¢RUPOBIACTT USR Bkdt/adaut 2160°CL FFurther, a feed can be

characterized based on the portion of the feed that boils at a temperature and/or based
on measurable properties such as cold flow properties (e.g., cloud point). For instance,
a TS5 boiling point can be defined as the temperature at which 5% of the feed will boil.
Thus, when the feedstock is characterized based on boiling point range, the feedstock
can additionally or alternately have a TS boiling point of at least about 150°C, for
example at least about 175°C or at least about 190°C. Further additionally or
alternately, the feedstock can have a final boiling point of about 455°C or less, or about
440°C or less, or about 425°C or less. Still further additionally or alternately, the
feedstock can have a T95 boiling point of about 440°C or less, for example about
425°C or less or about 400°C or less. When the feed is characterized based on cloud
point, the cloud point of the feedstock can additionally or alternately be about 50°F
(about 10°C) or less, for example about 40°F (about 4°C) or less, about 25°F (about -
4°C) or less, or about 10°F (about -12°C) or less. Further additionally or alternately,
the cloud point of the feedstock can be at least about 5°F (about -15°C), for example at



| east about 15F (about -9C), at |east about 25F (about -4C), at |east about
32F (about 0C), or at |east about 40F (about 4C). [0036]In m neral

f eedst ockwogersdanaddiy, at | east a majority of the nitrogenTasrole4i’ngt he
form of organonitrogen conmpounds. Addiltionally or alternately, at |east a
majority of the sulfur can be in the form of organosul fur conpounds. The

m neral feedstreans suitable for use in various enbodi nents can have a
nitrogen content from about 50 wppm to about 6000 wppm preferably from
about 50 wppm to about 2000 wppm from about 50 wppmto about 1500 wppm or
from about 75 wppm to about 1000 wppm Additionally or alternately, m neral

f eedst r eans |&stiabakl 18°H @Bodﬂs@’dﬁhﬁ e‘m aB@ 2bav@bcuit LT, Ut leg@ ABRAE2°Fr om about
100 wopm to about 40, exa | e from about 100 wppm to about

30, 000 wppm(@eury” S?noéﬁt&ﬁ%s't%@@ ‘Wpf)ﬁarb%t dbut 20, 000 wppm preferably from

about 200 E)O ahpulinck4, f%@to&@%@ﬁer&lfipml@ﬁpyﬁlaj%ggf dmferﬁlttr%lggﬁla%e 5000
wppm or from about 350 wppm to about m-sul*fur /llnitially, a

pr edomi nant Illythquii@r(élmg@?@m@wrlb@lﬁpq@éﬁs&@pr@ﬂ@ o1 adtgeiately, etdmsm sing | ess
than about 20, é%/%ﬂh@&ﬁﬂp‘?e%tm feeGh &%?ga%?sui%gcog#ﬂoﬁﬁdseq“h Mhifedll T St

hydr ot r eat ment st age ast a portion o l"uent rom the m neral
f eed hydr ot fesdstreems swahbletitrane bevaciowdxinttedinintsteam hipicaoangeeneerttert &enh f or

processing | saRR8NT% BARooA B! beludl RS5 bAR3 KAl A ofogt e Product

fromthe sedon: e can a as an in e second stage.
The bi oconpompemt frbmedout\ﬁhmpmaaabmmmcmiwppm, ofﬁamtababdﬁltwpbmvw%cmﬁ oxygen, or
at least ab 8 wt% err r .the second

St age [ 0038 Hateh oA GPef oEFIEMY ali AR Sl BRI G ¢ he second
stage can hamehaareuemlghtcomtaitlﬁ@nodbo{nmomppﬁﬁbebloummea)(aivaﬁrﬂqdr ¢xambicoconponent

feed of about | e of .about 2 f about 2:1
or 1 eas, “of Mot 30 vipry et 3 SG Ve b 1R Sy 4 Eulm bk o8

addi ti Onal | WpPh, @bfeeab@aﬁehﬁbou& beo wppr@tuabbattuognooprbmfr@ﬁlraeattedo wppar al f eed
to bi oconponent feed can be at | east about 10, for exa | e at | east about
1:5, at | eadt20ouoif00 p:ppm. g frorg alqut é%wpnit%abowr%a? “pRESHdhout 2: 1. Still

further addiggspnal | Mnﬁﬁll}alaﬁ)?erdﬂﬁhﬁh nﬁn@ﬁﬂ M‘Fdr&mboh@ééd&oai ﬁopﬁ&fa@ymonent f eed
to recycl ed product can ‘be about (f' ess, for exanple about 5:1 or

| ess, about comprisyig lessdkan abpe 30 M%lbléﬁomp@c@t fegd) Cabb@:bydr_otzea@ﬁ nagst Yet

further add conponent WD
2012/ 012091“1%%? %‘?sa%%éllnlt bt 7‘%@58[13’%& @M?F %%ﬁ?%@{;}%ﬂ%ﬁﬁlgfﬁ% ﬂ%{al ?gﬁ) be at |east

about 1: 10, hjdptresmend L‘@ ta@n beaotbingd gath abidgcomppndnetesd fapogessing2n a at | east
about 1:1, Qecoﬁ& ftége asA %&P&P(tlesg th:]an 1&)(99(?1%) Iopthg BR%Q& %ﬂ} the ¥‘é‘3‘8ﬁc?st&g*é%aﬁ eact or

includes a recyc
also be recycled as an input to the second stage The biocomponent feed, which can

contain at least about 5 wt% of oxygen, or at least about 8 wt%, can be referred to as a
fresh feed for the second stage.

[0038] Additionally or alternately, the input stream(s) to the second stage can
have a weight ratio of hydrotreated mineral feed to biocomponent feed of about 10:1 or
less, for example of about 5:1 or less, of about 2:1 or less, of about 1:1 or less, or of
about 1:2 or less. Further additionally or alternately, the weight ratio of hydrotreated
mineral feed to biocomponent feed can be at least about 1:10, for example at least about
1:5, at least about 1:2, at least about 1:1, or at least about 2:1. Still further additionally
or alternately, the weight ratio of biocomponent feed to recycled product can be about
10:1 or less, for example about 5:1 or less, about 2:1 or less, about 1:1 or less, or about

1:2 or less. Yet further additionally or alternately, the weight ratio of biocomponent



portion of the liquid effluent fromthe reactor, recycling of a portion of
the product can assist with maintaining tenperature control in the reactor.
What ever wbeorasom, t he anount of product recycle can gemarsadilip4iyes f r om
about 5% to about 95%of the total ligQuid effluent by volune. In sone
enbodi nents, the amobunt of product recycle can be at |east about 20 vol %
for exanple at |east about 30 vol % or at |east about 50 vol%of the liquid
effluent. Additionally or alternately, the anmount of product recycle can be
about 90 vol % or |ess, for exanple about 75 vol % or |ess or about 60 vol %
or less of the liquid effluent. In one enbodi nent, the amount of product
recycl e canfke id feoyolalReducBin\behMeds0amoul 0, 46r skampteat lchdebdut gl & ef f | uent .
[ 0040] As descri bed above, the total feed into the stage for processing the
bi oconponentaftelautdan 2§ lpest theat S qrableest abqubéli nput streans. The i nput
streanms can ggud) ude f bepddigehs Rhae ARENERtndRE redydERYE kR RERPYCt st ream
and a slip stream of hydroprocessed m neral feed. %epause thé recycl ed
product st r earoaatithe Heuid fthyeritfroaniie ofactey decyplingcd ¢ pedionioh e arodpeledn have been
previ ously . SRR p relatively
IOM/hydroge%&ﬁgggﬁ%%guéggggﬁﬁ%%ﬁgﬂgﬁgégmto tﬁ%ﬁhy f%ggﬁﬂ%ggﬁﬁb “the total
feed into thmossobdpmdert riviyde oamenently br bore slsiun §%go alprait 830 ob the potilmari | y
related to ¢ha Nt o) e [ f the

per cont age. SROREaeby S RReR M R dpdfndrs B R BRTBARRT e, B San A

const ant ( asslaust algpur 20 wdlVoy ol yxamyild @rdensiobygeid votiha benttleasmbbiied Ofvolds lof

bi oconponent, feed),...then, the hydrogen ed of the total feed can al so stay
rel atively ?§A§W ﬁ#ﬂw%ﬁéA%Q%ﬁﬁﬁ%o%gm?ﬁgg“ VoY qéﬁgﬁfﬁ%f?ﬁ efﬁ@*?atio of

t he hydr ot r abduedo Rolesrdtss pooekatipleaboutt7/i e ol’e 6i/lessed apsuo duesl%d ¢r I@s der to
mai nt ai n about . the sanme conbined ratip of these previouysly processed

ot roams to HidiplpRIEJROBREnEc St B Roeitat iR SR oRH - hydr ogen
need in thabbsit ageel’MaiaB&@i70veIY, &f thé Hadi@erflaydr ogen need can correspond to
mai nt ai ni ng the hydrogen need to within 10% of the hydrogen need prior to
adj ust nent , [9M0] ex arfi desqredpbonp.rihaisilifecd migthe stage foy Brosessing Hised prior to

adj ust ment . pNREApdAAL folBal bl He ABIcAt rdB ih@i st OFRDinpEEMchRs &ndi StI nCt
concept fromthe amount of hydrogen provided into the reactor. Mintaining

a simlar hywtugds frrsle Hiopenrangntifeed; heecuptestnprpdust stiegalr @gerslip yepam of

2012/ 012091 / I | - dr ogen
need for a Eg%éaﬁég%%fgﬂéggg?%ékggﬁgﬁgé&ggk?ﬁghgﬁgﬁ%§§%Pqﬁ§%¥Eggﬂythat can
be provi ded of hydsoprecxested nineea dtaddnvshay ercviovudy pwlaessed, Heshyidaogan cich

| argel y/ co i i j S i of
additionalnﬁ%%%%gé%ﬂﬁgﬁ%g%ggppgﬁépﬁyé%ﬁ%%% é%%§$§P§ 9&5333¥f@§§%§?|y) to a
react or/ st agead df@ix4dthl feedmmeths sdcoiat erdnspomaorchaprgesssmy stagecan bé n one or nore

of the input .strea he bi oconponen r.ocessi ng st age, r exanple, if
Che sour co. 8ITPHE TDrst Brafasnt™ FeauorL CLHENEaE G R T olfoonent . sour ce
may have a pegheigeof fitdvesconpbadnt ed hytte ogencneiasdeleivey codstant deoxygenat i on.
Additionally or alternately, smaller changes.in the hydroge eed coul d
bccur due {BOEHRRGEE B bR E RIS B oo E R B

hydr ot r eat edydrog@rmtd daBetotal fecll B Nat styaclafivdinenkitons k8318 of tist he

bi oconponent processing stage changes, the relative ampunts of sone or al
of the bi ocdhiofietiutiaee r?@&f&h@ﬁ&ﬁf&&ﬁ%ﬂ@ﬂ@%ﬂ&ﬂ@ el r eam of

hydr opr oces pefuiineldet tohn@daif aboud treRBEE Edr@flned At SOMRest pRLANGSS, the
relati ve amount of the recycled product streamin the total 1nput can be
used to adj BECCHH! EraRYLhT vt Hecomparag Erd ibsanaimtainingatipiae hydreedd new

bi oconponent,cddag thaP QhikcC B1fRGinfhg SHREE hQdro s QWREd £l BlrkypBnd I LU Ringeed
(and/or if the sanme bioconponent feed Source has a variabl e hydrogen need
t hat i ncr eashedydiogereirgee sswshin dp%apt therhgylrogereced prign t gdjugimenintor efaniécycl ed
product can be;diRGrERIEh N bESREGLYR GRIREARALE:

[ 0042] The cgﬁﬁgﬁt %ﬁﬁgﬁﬁgqffggﬁ%gggggPn%§§g§%% gndX%?%ﬁﬁnsﬂﬁhla%feedstock
created by binghdhydgogenwewlis adisendt eendspidsksthe amownt of balrogen peovatlet érter ned
usi ng a wei ght v - - I f e, a mneral
foed and o Boosmo e R S e e R R o R " 0

m neral feed and about 20 w % bi oconponent feed. |If the mneral feed has a
sul fur content of about 1000 wppm and the bi oconponent feed has a sul fur
content of about 10 wppm the resulting bl ended feed coul d be expected to
have a sul fur content of about 802 wppm |n various enbodi nents, an input
streamto the second stage containing a blend of a



bi oconponent feed, a hydrotreated m neral feed, and a recycled product can
have an oxygen content of at |east about 1 wt% for exanple at |east about
2 Wt % atwbeastolaout 4 W% or at |east about 5 wt% [ ®@043]seiydioatyen can be
introduced into the reactor or stage Baving a continuous |liquid phase
environment in one or nore of several manners. One option for WO

2012/ 012091PCT/ US2011/ 041769 14 introduci ng hydrogen into the stage can be
to at least partially dissolve hydrogen into a liquid input streamto the

i nput stage, perhaps even at approximately the solubility limt (i.e.,

physi cal, not chem cal, saturation) of hydrogen in the input stream |If

hydr ot r eat ededticd &frdldr8piobdssing., TR IHAREBORGA orf el is anidlicasyclaed pmheduct are
introduced into the second stage as_ separate input streans, then one or

more of thedBOPH S Hyegeadhat cany MaNIdedHy 8 FagEHeAMpage ehelr Whetiths, di ssol ved

therein. Addidbonal laveeBcalpi@éipals@lived ih fhetifiit St RIS afRRIgred prior to
entering the |iquid-continuous stage, hydrogen can be fully or partially
di ssol ved i Additienagyesessadeias psigrplheadded Soppraiehifiegxianatlvlty a fiaetosypasi | i t v

e P ey, afthhd {?@)Qéiongyadéhgggegngﬁ&ca% R

(physically, not chem ca satura I'nput stream as a gas-phase flow, so
| ong as t he stréagpsitalthethawempenest pro¢esancoagei Haowemplyad ¢heisnuichef theact i on

zone/ bed/ st 4 it | QL i.on for. i oduci ng
hydr ogen i nf% g)%?rﬁé(gﬂ%}ﬁ%@f' gig%ﬁ%(% %glﬁ‘g%rloecg% %ﬁl g%ogﬁcgp%agﬁla e %ﬁeg%%l hydr ogen
gas to the teactrdativsthadregenamegd, e.gatforaepaigepomnt Addisomllggaltdnamtelgact or / st age.

As the input _streans travel .downstream,through the reactor/stage he

hydr ogen | ntPOICEAER A OB Ep phar i sl S EUhe oA dr ogen
can be supplenendliedirtym oftydadigatchmirer f@t. Mohendtrpuf thgapuf Juewss Bfthdiydr ogen
into downstream |l ocations.in the reactor. Additiona I(}/ or ﬁl }@franatel Y,
hydrogen caR'oS&MPHF P sinaAsmchgralicqgad smaups F yinePr et e b st ream
of the pa{ltibaiccibmp@{e@_ﬁe&ﬁﬁxdéélécqp&ba@ ﬁrdﬁﬂﬁaﬂcﬁsﬂgisﬁeaﬁO&Hyﬂ@t&esfs&%Ctﬁr, fully
or partla y .dl SSol vin y_r_oenlntevvlt I‘\M’lpOI‘tIOI’l, and t hen

r et ur ni ng tﬁ@nqﬁ%?e&gcéﬁg? %@ﬁe%&ntSP@ﬁ msinegiethy E?Z?’é‘tVB?mOWBF@FF%X‘EIF%g stage -

Cont i nuous gaRuARAESEn BN ANTBOL can HOAdald Adj¥atd HdBecd TPME hyRBES nebd1e
feedst ock can be hydrotreated in one or nore hﬁ/_drotreatl ng stages and/ or
1

react ors. AFRyRBPkedemevibiosonpencatifcdiourcq haya/ighar pplomer relative

hydrogen need (and/or if the same biocomponent feed source has a variable hydrogen
need that increases or decreases for a time), the relative amount of recycled product can
be increased or decreased, respectively, to compensate.

[0042] The content of sulfur, nitrogen, oxygen, and olefins in a feedstock created
by blending two or more feedstocks can typically be determined using a weighted
average based on the blended feeds. For example, a mineral feed and a biocomponent
feed can be blended in a ratio of about 80 wt% mineral feed and about 20 wt%
biocomponent feed. If the mineral feed has a sulfur content of about 1000 wppm, and
the biocomponent feed has a sulfur content of about 10 wppm, the resulting blended
feed could be expected to have a sulfur content of about 802 wppm. In various
embodiments, an input stream to the second stage containing a blend of a
biocomponent feed, a hydrotreated mineral feed, and a recycled product can have an
oxygen content of at least about 1 wt%, for example at least about 2 wt%, at least about
4 wt%, or at least about 5 wt%.

[0043] Hydrogen can be introduced into the reactor or stage having a continuous

liquid phase environment in one or more of several manners. One option for



type of hydrotreatnent reactor, such as a trickle-bed reactor or another
type of reactor that can include a continuous gas phase. A hydrotreat nent
st age carwprroloaeodgxposi ng the feedstock to a suitabl e Rgdmsteeati7ng
catal yst in the presence of hydrogen 4nder hydrotreating conditions.

[ 0046] A hydrotreat nent catal yst can contain at |east one of Goup VIB
and/or Goup VIII netals, optionally on a support. Exanples of suitable
(optional) support materials can include alumna, silica, titania,
zirconia, silica-alumna, conbinations thereof, or any other suitable
refractory material. Exanples of Goup VIB netals can WO

2012/ 012091 RabdbSLOA: b 4 7RO thd StabHednbd @o b DSHeMIIN JABEH Oy drblRE Hite R .

Exanpl es of Group VIII materials can jnclude nickel, cobalt, and/or i ron.
For a supporifw ity siregeio tharpmt Hpgss BiThaps ke a4 AR mBRlEho b liFe: al ( s)
can be at | east Kh dhotnolchval fsgmraae;@rmhf*dragenluea@tm@bm&mS I % or at | east
about 10 wt % ddltlonally or alternateéy the anpunt of Goup VIB netal (s)
can be aboutydrstrggtasmincplafduent, biocamporsnifeed aid reoxrledmpdict Jraydrodycedbout 15
of G oup V11 e L g a2, T emet
about 1 wt %samhave &xdrogeadivilit orpagitatly dissolypd theéagtAd@@malls opplogrmagily,|if  f urt her
30wt o6 or 1 diechefiht E QNS prsb TSR il b Bl oBpEL, 22 200Ut
about 15 wt %ltyrorlp@@slly dissollodirt the Combinectrehressg., ANbemotitetehyttle stlvtelity ment
LAy e L I o AdiRlong DG BEESGHE B Bl BaSHARAGA, SRS TGP SuCh @S @
fonprlsg abomﬂmzﬂbwmaﬁmmdhms&mehghheggaﬂmty&ﬁyFéhmge#ﬁamhmd@bﬁag %i mﬁ@bﬁr
ess, about ss, or about 0.0r |ess us, suc u nmet a
catal ysts cgﬁjﬁ]?f‘ﬁ%tlﬂﬁo S@Eas‘tebn §B6ﬁftl(§]‘5zo\ﬂf/g’\/§désrtag§ the Goup VIB and/or G oup
VI metal ($0044) or exadaaltRnilRr hiteralosiitiod Govih¥oduting hpdra@@uhto 8k 1wy or up to
about 80 wt % [0047]The hydrotreating conditions can |nclude one or nore

of . a tenperBt e STt AREUEAN DS 6T A YAEER SBIB S 161V ERE R 2F 45 about
300C t o aboybsithdGlong tHeQbRtorRES SAN Be pru?&reﬁﬁﬁﬁiveﬁ&%ﬁstr@@@thﬁﬁi g tfeabout 2.1
MPag), for exanple at |east about 350 ig (about 2.4 MPag) or at |east
about 400 pésagtoy/sipgsuthe dygroggmagloduged %tﬂmhe Hesgisres e beiserimsdodhipsi g (about
20.7 MPag) Qudb&SSan B@gupﬁféﬂﬁptle@bﬁgl%auo]iwef& lngre(lﬂlglﬁ'é&s AQysDrMo@Q)er0r | ess,
or about 800 psig (about 5. ag) or less; aliqu hourly space veIOC|ty
(LHSV) of atntp é@l@tstramlqcat@ni 1Iht|he zLeactfob rA@ktamplheora@tlteme@b’s hedsegen canbe hr- 1, at

| east about u out 15 hr-1
or |ess, fopggé%%gPévg@gﬁg&lOqﬁé&ﬁﬁp% %gg%émgﬁ%éfmgﬂﬁhﬁﬁ¥ﬂ&kﬁggs about 2
hr-1 or Ies@qwamomtﬁmmﬁChmhﬂwuﬂwmm@smﬂmprHEUQUTEEQthhimngmMeﬁs (note t hat
the LHSV re S L I t he
hydrotreatlﬁéké?%gg%nﬁnEBa Pher ﬁ%yﬁe%fié} %wﬁg?f %tgi%még{alyst vol une
of any subseg ent staoe" at. gas rate of at |east about 500
scf/ bbl (ab*““°‘ A SR & L about 1000 scf/bbl (about
170 NnB/nB) ; omqi a hydreae @mbdscﬁﬁ\tamga@e fé@&s&)cpta@m%ma@ﬁwm%é bPRbre( about

1700 NnB/nB | ess, for exanple about 5000 scf/bbl (about 850 NnB/nB) or
| ess. ydrotreatmg stages and/or reactors. A hydrotreatment stage can be in any suitable

type of hydrotreatment reactor, such as a trickle-bed reactor or another type of reactor
that can include a continuous gas phase. A hydrotreatment stage can involve exposing
the feedstock to a suitable hydrotreating catalyst in the presence of hydrogen under
hydrotreating conditions.

[0046] A hydrotreatment catalyst can contain at least one of Group VIB and/or
Group VIII metals, optionally on a support. Examples of suitable (optional) support
materials can include alumina, silica, titania, zirconia, silica-alumina, combinations

thereof, or any other suitable refractory material. Examples of Group VIB metals can



WO 2012/ 012091PCT/ US2011/ 041769 16 [0048] Aiter hydrotreatnent, a separation
devi ce can be used to separate out gaseous inpurities and excess hydrogen
prior to wessimg2whe hydrotreated feedstock to the |iquipdTasatitouyes st age.
The separation device can be a separator, a stripper, a fractionator, or
anot her device, or another conbination of devices suitable for separating
gas- phase products fromliquid-phase products. For exanple, a separator
stage can be used to renobve various contam nants, such as H2S and NH3,
formed during hydrotreatnment, as well as other gas phase species such as H2
or any low boiling products such as |ight ends. The separator stage can be

a hot or colig@ngepail@dein Sidageunghtn. aE GaPRsRA Greup T Adériadwn Glde
separatlon The sep arati on Sta e can operate at a pressure simlar to the

prior hydroﬁ%?:le%‘??]ﬁg’m@/f’é’é@l F\Hﬁ?é‘I‘Ppe%{ wélysbrdicr BeFsG thsameusf ¢fh pressure

separati on gh@GEVIEhethll§ cB RS Wak bR lhﬂ%ﬁlkér%ﬁﬂpl& &t 1%91930@,95’ 83 of e
separation stage. [0049]In an enbodi ment, the g E@ase effluent froma

separat i on $eEBOdA WY siong i glraacl ey éqnewpt R{HFg diBmestalg) can
hydr ot r eat NgpLyR4 8961 bR Ia% e%ﬁﬁ@a&hf 2R oCRE dP Sbdut ‘?%v%’ of Q:ssr enmove

contam nants in the gas, such as H2S and/or NH3. Opti onal ht ends
and/ or ot heﬁuitma%tlmaﬂg of ¢1@@tareésh§vh@ahrewns@et?@quemf@qumYH mptgl(m me, or

they can be m@)&x%ast%oaoﬁfﬁ L 1b! Wimp B+ agleasmefau@l vl i 80> 9 | PPI NG

and/ or fractionation st remal gas stream can have an
concent r at i onatdesist dohted Wt% Stﬁbfurtherfaddlitlhmﬂyhweﬂﬁanmeiy;eb@am@nt dHitoust r eam can

be compr 5SSt lduIFGRIRINN 3 GRLONLIRAULLHE LN RLETSNLE, Lol bt r oduci ng

t he stream back reat men fteated mneral
feed can thevrﬂ%bmlsmlab@tﬂﬁnWA@tr ldsg@s gbautd) #1780t lesnsVheA thd ngitotefitntche at | east
f uel .product,

wni e a secontoar § Rk SRARTant Peded P BIE G ChrFachBRE s B

stream t hat ogide, chebeisidnsisind Bericryly] if pick@a Mifl 0bmprive ab@0RY geriak oSt age.
the catalyst, for example about 15 wt% or less, about 10 wt% or less, or about 5 wt% or
less. Thus, such bulk metal catalysts can include up to about 95 wt% of a the Group
VIB and/or Group VIII metal(s), for example up to about 90 wt%, up to about 85 wt%,
or up to about 80 wt%.
[0047] The hydrotreating conditions can include one or more of: a temperature
from about 260°C to about 425°C, for example from about 300°C to about 400°C; a
total pressure of at least about 300 psig (about 2.1 MPag), for example at least about
350 psig (about 2.4 MPag) or at least about 400 psig (about 2.8 MPag); a total pressure
of about 3000 psig (about 20.7 MPag) or less, for example about 1500 psig (about 10.3
MPag) or less, or about 800 psig (about 5.5 MPag) or less; a liquid hourly space
velocity (LHSV) of at least about 0.1 hr!, for example at least about 0.2 hr', at least
about 0.4 hr'l, or at least about 0.5 hr''; an LHSV of about 15 hr! or less, for example
about 10 hr! or less, about 5 hr'! or less, about 2 hr'l or less, about 1.5 hr'! or less, or
about 1.2 hr' or less (note that the LHSV refers to the space velocity relative to catalyst
for the hydrotreating stage(s), and therefore does not reflect the catalyst volume of any
subsequent stage); a hydrogen treat gas rate of at least about 500 scf/bbl (about 85
Nm’/m*), for example at least about 1000 scf/bbl (about 170 Nm*/m’); and a hydrogen
treat gas rate of about 10000 scf/bbl (about 1700 Nm>/m’) or less, for example about
5000 scf/bbl (about 850 Nm*/m?) or less.



Deoxygenati on stage - Continuous |iquid phase environnent [0051] One option
for deoxygenating a bi oconponent feedstock can be to use a

| i qui d- combi2nteaugoyphase in the reactor/ stage/ bed. Tradi PCOMABRIN/041769
hydr opr ocessi ng has been conducted i nlégas- conti nuous phase reactors, such
as trickle-bed reactors, where an excess of gas results in a continuous gas
phase in the reactor. In a |liquid-continuous reactor according to the

i nvention, the feedstock can be exposed to one or nore beds of catalyst in
one or nore stages. The catal yst can conprise or be a hydrotreating

catal yst, WD 2012/ 012091PCT/ US2011/ 041769 17 hydrocracki ng catal yst,

dewaxi ng caj@d4s$t . ARIBLdr6r&@hiH Al dePRatfRlR|¥Stan RGNS keaARVART ent type of
catal yst, or a cat al yst that exhibits a conbination of these functions. The
i qui d feed2aBAUSERPBTtios aBdIcR® hydioge Prigs frepasyipg the drdrogeatqdHeedstock to

reactor (s)/ bed{(®d ShafRuS da@NAnE %‘ébafah@ﬂvdé{l?é@r&%ﬁ bR AR Ui RE o €act or .

This downstream liquid flow can assist in allowmng the catalyst to remain
in place (effgctlonﬂ'iol%@ﬂ?nqthﬁfﬂﬁéceealt&élloshgtCwatlpmmymemﬂ@pf%cesm ng process
can typi ca nce of

hydr ogen. %af[}%{ %éés?pr?g %tff;"daﬁ d(E:)trtl ?5% ﬁtég%d%}&l?ﬁsg{ag%ﬁventlonal
trickl e-bed sitagea@tn@le usetdhermctvmowamtmm@mgrsmhe@ B8 anhdts tthmed " phases" are
present in 0 SSi 191 to the
solid phasetdni %?otn%&nﬁ;{{] \péﬁj 0%69%% na&gspg‘cﬁéesasllg %}%St orV féﬁ’&%?hs OCCUpI ed
by a gas phaseucts yphaslight endSCITlhdsepgrahydtagg@m beapbi @rvald sypamrm sthigé,uent

gases, and ot her h ont a a m duri ng

v opr ocesdl hemenEoR i el oy S AT oy S R - FFRrbE ) pr ecent i n
subst anti al pexaessmiled tatheyeiot h)ydrdi;ﬁoc&@amgﬁtagmathea@lbfe@éfeﬁr&etohydhxgpr ocessi ng
reaction. In a conventional trlllckl e- agfgt or, %he solid h%/dr ogr ocessi ng
catal yst and"THE FRYHEC U edif?:sﬁfﬁ? C%H bq Sed onBsoR 28 ssch ¥ 9Meact or

vol unme, forsaganple at |east about 85%or at |east about 90% The third
"phase" can correspond to the liquid feedstock, In a conventi onal

trickl e- bed 904t or In pmembedigeit Jhk carmhasssiicBicieam g swasfian tagsgietibdn of t he
vol une, suchs@so El%%&letr&%e@iw&ge%%a HyRFotRNARR ik €38e & qaﬂas%témuemw% or

| ess than about As a result, the I'iquid feedstock maé1 not forma
conti nuous phblrealed 4@ wapye @méamlnmmth%ﬁch FreYeSiand/PUtE;. Pponaboanpl e,

thin filnms @y eﬁ&sdﬁl%‘f- %th%;h@@v ok fltapt?ong}f% éraa{ GEMSI A% Al Fhy SF mear ticl es.

[ 0053] Wt hout bei ng bound by any particu eory, a liqui d- conti nuous
r eact or can be removed at a later time, e.g., via an additional stripping and/or fractionation

step. The remaining gas stream can have an H, concentration suitable for use in further
hydroprocessing. This stream can be compressed, if necessary, to provide sufficient
pressure for introducing the stream back into a hydrotreatment stage.

[0050] The hydrotreated mineral feed can then be split into at least two fractions.
A first of the at least two fractions can correspond to a liquid product or a diesel fuel
product, while a second of the at least two fractions can correspond to a slip stream that

can be used as an input stream for the deoxygenation stage.

Deoxygenation stage — Continuous liquid phase environment

[0051] One option for deoxygenating a biocomponent feedstock can be to use a
liquid-continuous phase in the reactor/stage/bed. Traditionally, hydroprocessing has
been conducted in gas-continuous phase reactors, such as trickle-bed reactors, where an
excess of gas results in a continuous gas phase in the reactor. In a liquid-continuous
reactor according to the invention, the feedstock can be exposed to one or more beds of

catalyst in one or more stages. The catalyst can comprise or be a hydrotreating catalyst,



provides a different type of processing environnent as conpared to a
trickle-bed reactor. In a |iquid-continuous reactor, the reaction zone can
be pri marwbyporaposed of two phases. One phase can be aP€dltSdoiploare9
correspondi ng to the hydroprocessi ng Watal yst. The second phase can be a

| i qui d phase corresponding to the feedstock, which can be present as a
conti nuous phase in a |iquid-continuous reactor. In an enbodi nent, the
hydrogen that will be consunmed during the hydroprocessing reaction can be
di ssolved in the liquid phase. Depending on the quantity of hydrogen used,
a portion of the hydrogen could also be in the form of bubbles of hydrogen
in the |iquihgdrotrackiy Gafulysadewiting@uld Renasis vimdidhatalyshanhiigr ogen was

di ssolved in the liquid phase at WD 2012/ 012091PCT/ US2011/ 041769 18

appr oxi mat eFYERENSHIUMicH R prafatalyst thel Sxhibtga porgRinaiopRASIEs g lies- sat ur at ed
wi th hydrogqme 1iQHY fdelicsn &nddr MoRf thé 08 ok 8P pSAbAY AR redcPor [T BE(s RALE

physically rather than chem cal in the context of solubility of gas in
liquid, as aséepnHlomedaynsieym tﬂmlagéle RS IOF- o kMp AR Is{redh Hawé lawichp #spist j ni t "
shoul d be U@ﬂﬁﬁﬁ&ﬁ$ﬂeEﬂmyﬁﬁﬁmﬁm&QHﬁﬁﬂ$@%}HﬁﬁdﬁﬁﬂkﬁﬁﬁgﬂﬂiHg to at |east 85%
of the solubilit preferably to at |east 90% of the solubility
limt, for é@&ﬁi‘ﬂ)l e tA)hjatroﬂre@ssﬂnm%e@f canHgpigdly ubiolvieteypdsingiatfeairtoro at | east
99% of the ]t ' f ' - aturated
ol Ut ons. FRAE by BrebEEe ARG, SARou PGB R bR BT iR

pr ef erabl y teoompntioalltioRie-dbd tdagos dieubictdrté}ﬂ thal qpmtatedfsothaebhmpbhasesb’ aup to 105%
of the solubilit imt). Thys, the ga e dro correspond to
nydr ogen t hatests e Batib R B iropEeRPRe DR SoreorbRa A RhRISR 40t & phase.
In praCtiCaMnembﬂﬁbﬁmﬂﬁsmnhmdﬁhmﬂmmd&&&hh%ﬁdoumpk@Byhgﬂuﬂﬁﬁpb@ﬁﬁﬂﬁan be
depl et ed as t tions Iress /through .the |iquid-continuous
enctor . | nin g edRaa AR T A B ey FAPIST HRSEH: ST BRI or m of
gaseous bublgh@wﬁmndmﬁ@irmg hy(ﬂl‘bﬂobe{@ﬁné i uw}@dﬂiga@gash@t}fe%amiaw igte the

l'i quid phase and provi de additjonal hydrogen for react|$ I n various
embodi ment s YREY PEFEE %%%%ere&atgaéo RARUTACqUEd fo i d- cont i nuous

reactor Canh?ﬁo#@&%mh@ﬁﬁaﬁﬁomia&Qw%ﬁhnMHﬁdﬂ@B&L@&mﬁqu@ﬁm,Or | ess than
about 5% [0054] The |iquid feed to the dewaxing reactor_ can be m xed (e.g.,

vel | - mi xed) h¥greprogessiyieaid et aebiie gisiihagy P eequryaldeastirhoutiiir eligbaredt ai ni ng

treat gas CQBluﬁl‘énfo@éﬁn@ie dt ‘fe%&tabé\Q%El% o @t Rk IRV SR IR thfr@r‘pli%%‘@rEBﬁ e at |east
about 80 vol % at | east about 90 vol% at |east about 95 vol % or at | east

about 99 voPO/H%degélw.hq@dcfe@étoglasln@mn\k‘f@tlv@htrélilefheémaﬁthé thyi fredstoek bef ore it
enters the %ﬁ?%hf}roac@g%/s auﬁ%ﬁﬁﬁﬁ%f&@%ﬁﬂl@ fen %ﬁ@&%n%@ﬁ‘égw fdef Om the

reactor. The Fiqui e reactor can be contro $0 that the
cat al yst i nexdweple Bascthorabiogt Biibetlesstticalabgut(See. ghs 2 wauiplhetlighi)feadettied.

[0055]1n Sogﬁy%ﬂ%ﬂ{l %QﬁtEUOéTg)%aQy(ﬂ%?egaqﬁeeﬁﬁll({]gphagea gﬁ‘&ude“fo? bed, stage,

and/ or reac can require ogen solved in the
| i qui d phasexanhpie, $lun lﬁlmmd:fdehdmecit &lat oomteth@hydmnecesmgmtaqmalsarwﬂ be used to

Can be to rAGRE o WEREP R feh B sPitEbie FGR: Aot SR bouaEey bl ed

portion of proeich difRsentlypeatPtoRResseehvirbiniighs eontpuebiops ateRdedg st age, and
therefore wll Ilkelﬁghave a reduced hydrogen consu tlon as it passes
t hrough t he "R§@F-ord gdsﬁOﬁan@Pa&écta@meﬁeacmamnﬁaﬁhlr n@l%ﬂ wreEeset Al y, the

sol ubility efo piges’ ei¥ehRd chiehch &HA phe BbBRENINAD 1R HarPRLaking unprocessed
feed. As a catalyst. The second phase can be a liquid phase corresponding to the feedstock, which

can be present as a continuous phase in a liquid-continuous reactor. In an embodiment,

the hydrogen that will be consumed during the hydroprocessing reaction can be

dissolved in the liquid phase. Depending on the quantity of hydrogen used, a portion of

the hydrogen could also be in the form of bubbles of hydrogen in the liquid, in which

case it would be assumed that the hydrogen was dissolved in the liquid phase at



WO 2012/ 012091PCT/ US2011/ 041769 19 result, including a portion of recycled
product with fresh feed can increase the anmount of hydrogen avail able for
react i on wotznzdieodfiresh feed. [0056] Additionally or altecmatSedy/o4exddi ti onal
streans of hydrogen can be introducedi8into a reactor directly. One or nore
addi ti onal hydrogen streans can be introduced at any convenient |ocation in
a reactor. The additional hydrogen streans can include a stream of nake-up
hydrogen, a stream of recycl ed hydrogen, any ot her conveni ent

hydr ogen- cont ai ning stream or a conbination thereof In sone enbodi nents,
bot h product recycle and injection of additional hydrogen streans along the

axi al di mengpmbxightchne E@@slhQNinGEMNe DR tuqad phée Rarobd sd@red WitchyRidechy dr ogen
for a reactlon 0057] One exanpl e of process that can be perforned in a
i qui d- cont PRUBLOPEfchGEm rafurigss aleﬂéth@i%’éf%%”?’mél}anﬁh%’é@@ sych as

deoxygenat i @R coRePf IS0y IT o6AR 118idPRNKET KERdn AYe S RE ShipodmaberPonent
feedstock to a hélrotreatlng cat al yst under effective eoxygenati on
t

condi t i ons. SEPPIERtINGE sheyd e uidersend te BISH! # FORNIBHN FATEPRAEMS featdiastor e of :

a tenper at Ugey,Qf tlﬁtsofuﬁﬁ? lnﬁg%éfel%ﬁlg% al 10t W/@Upﬂhg s&lﬁb1f1t8@§ﬂ1t gpout 300C; a
tenperature of about or less, "for exanple about or |l ess or about

350C or | essxample tag]cagPéksafitlhee sofubiity limi ot toaﬁﬁéﬁ%t 98Bt sglupditolimit2. 1 MPag) ,
for exanpl e@‘icg ﬁﬁ%tfca}?&uﬂlcﬁé? u@%} &t&r@t@@&b}lut%g% 611}43%%%5 681'}es Snd't%g% about 400

psi g (about ); atota ressure o g (about 20.7
MPag) or Ieé$T%b6ﬁw@Mawpb@nmb@aﬁﬂﬂﬂﬁﬁngwpg1@%@@&@SmeQBNngﬁmor | ess, about

800 psig ( a%x %é)lé to uiplyg)i(?g% OF the g(ﬁsbﬂl@rliéﬁiﬂgoﬁ%ué%% Qsﬁél%i%l%%? l‘gen zivag dI\/Pag) or

| ess; a hydro ressure o | east out 140
kPaa) for emanpwﬂnamymBgmnhah@mhd@ﬁmp@ﬁhﬂ@@hqwﬂdmﬁmwﬁﬂmﬁmhqwhphaﬁst about

nycl ogen patt P g auenpienB e SBoTEl inel RS T KRRl (G,

exanpl e aboumcﬁﬁ@pﬁgmﬁsmabmugl&sﬁqmﬂaamnmbud@ssmramgmheﬁﬁ&nmana (about 1.7
MPaa) or or about 175 abo t 1.2 uid hourly
space vel ocii@f"%ﬁi_ﬂl%‘&)nah\‘ Prﬁfen %aSSOLEE bh/g)qe%can fib“rf‘o ‘é‘%&&ﬁ‘&bf‘e ‘ﬂt‘é | east

about 0.3 hiphdke t@de-sh@asd thalgul p@aséallftrpr&wd@ﬁdda&onhﬂgafogalbﬂmrrea&,n&l hi-1; and an
LHSV of about 15 hr-1 or | ess, for exanghe about 10 hr-1 or | ess, about 5
hr-1 or | esarioyssmbodmsntthy ylumeecsupigdby 4 g2 phasein e lingidcontiiyigt ' 1.5 hr- 1

or less, or abRHtanededikirah aBbut 1 68t (RAGEHCIr QB‘I@&E)’or%ss #ah ebhatel y, the
tenperature, total pressure, hydrogen partial pressure, WO

2012/ 012091 Wl]JSZO he d)qt_pyléeg:d to the dewaxing reactor can be mixed (e g., well-mixed)
with a hydrogen-containing treat gas. The hydrogen-containing treat gas can contain at

least about 50 vol% hydrogen, for example at least about 80 vol%, at least about 90
vol%, at least about 95 vol%, or at least about 99 vol% hydrogen. Excess gas can be
vented from the mixture before it enters the reactor, and/or excess gas can be vented
directly from the reactor. The liquid level in the reactor can be controlled so that the
catalyst in the reactor is substantially (e.g., completely) wetted.

[0055] In some embodiments, the hydroprocessing reactions in a bed, stage,
and/or reactor can require more hydrogen than can be dissolved in the liquid phase. In
such embodiments, one or more techniques can be used to provide additional hydrogen
for the hydroprocessing reaction. One option can be to recycle a portion of the product
from the reactor. A recycled portion of product has already passed through a
hydroprocessing stage, and therefore will likely have a reduced hydrogen consumption
as it passes through the hydroprocessing stage again. Additionally or alternately, the

solubility of the recycled feed can be higher than a comparable unprocessed feed. Asa



20 and LHSV for a liquid-continuous reactor can be conditions suitable for
use in a trickle-bed reactor. [0058] A suitabl e deoxygenation catal yst can
cont ai n avolemgti2e@me of Group VIB and/or Goup VIII netaCs/useqpttiooria |y on a
support. Exanples of suitable (optiond@ ) support materials can include
alumna, silica, titania, zirconia, silica-alum na, conbinations thereof,

or any other suitable refractory material. Exanples of Goup VIB netals can
i ncl ude nol ybdenum and/ or tungsten. Exanples of Group VIII materials can

i ncl ude nickel, cobalt, iron, platinum and/or palladium GCenerally, the
anount of Group VIB netal can be at |east about 1 wt% for exanple at |east
about 5 Wt %&ultahclhBRSA pEhOUSL rd& el YoodRelaiith fRRR Y cAf indedseiktain®Iuls  t he
anount of Group VIB nmetal can be about 25 wt % or |ess, for exanple about 20
W % or | essOB]FYdé‘Pﬁ?HPV%@b]\R/tf%TBE}‘“P%g’gh theffepin&rd-addi ti onal Iy or alternately,

the amount @§osgjoup A\ﬂd tlonﬁ”?} @}Jalt%@tegeacﬁﬁtlolngl%§fgarﬁ‘@&qﬁ/d1%§él W% for exanple

at | east about wt % at | east about w% or at | éast about 5 wt% Still
further addintioguesd|into apeagior eirgsdy ePye ot here aaditipnal bfdra@gen sigeayisichn beet al  can be

about 30 wt %0y, g%isany f BhvXAMBLE: ﬁlﬂpéjlteaéé W 40,94 1t1$1ﬁ§§ydr€g%gl§ltrea%g wt % or

| ess, about 15 wt% or "l ess, or a 8u Wt % or ess odi nents where a
G oup VI n@rbllneluchea stteaef glake-plb bxdrmm fasmstﬂmrof paydledlivgnygen.anpotisent , t he

amount of t 0.1 wt% for
exanpl e at P@g&&%&% u]{()g!d1 QO% 1&%&%&“ ?eas éﬁgl%éf \%Fg Gnd/ or can be
about 3 wt Y%embodimssts, bbdrpredmhqabﬁzle&lmmje@lowto%ctdntldnekstsjﬁrcgbmslteaﬂas 5long % or
| ess, about . 1.0. 7 Wt % or
eee, anos gl it fon 3R e SiKan B el boKice SERH G ERRH 85 Lo 10 om
about 1 wt %daoti@bout 5 wt % of Co and about 4 wt%to about 20 wt % of Mbd

supported o ui tabl e support (e.g. ica, alumna, titania,
silica-al um ??@ﬁor OeSHHNE O %)Pffo‘eer%érhébcfa)l beRFifé‘ffH]éii l%ap%%ilfi FRUEYAIpl e of a

deoxygenat i gcalndludsla tRoddsin fenfAhBiry&hs, biltdtas e g@@ﬁoﬂ‘ Yk plRastonl Wt % to
about 5 wt% of Ni and about 4 wt%to about 20 wt?© and/ or W supported

on a suit abl# kaspiereed bypxpesing adierompaigit fedsterk taéby&rg@@aﬂg gtelesdt al yst can

be catal yst ,Wdy fo@ctﬂ’v@ﬁé’éx&%%hﬁ(od &Yi@i'ﬁoﬁse\ﬁfecﬁ\fe RYLLLURBRLLRANIACEAVI LY, such
as a catal yst containing as a netal, as opposed to a catal yst

cont ai ni ng Mcludpone grmqug ofisa @m@@@rﬁ at lea%‘?%llt 2608 eifor Py af legpt
al ternat el y ., 4 3®eS}k e?n BRELL Qﬂh&?{‘ﬁ‘%ﬁqf &f leMoF?&ﬁ%ya%{ﬂ%b@oﬂ%%WSt beds

and/ or stages can |nc e an type o _
2012/ 012091 PNt BJSIZ@I)IMSSL’@?@QI mqssmapéat)lsatst abouicWOmsigdatiopt?. bMEagkiferg cat al yst,

a hydrofi ni ol t her eof
[0059] I orboiefite, 2 B ptR BLs LG 8L eaBndty SR B RS £ The
avai |l abl e hMRagg @notalpredage péé;mmﬁOOO@Bngt(é}hout:m 1 MPegyrar @pdmd:xamplt: he anount of
hydr ogen di s Th a hi.ghe t gas rate may
ot 1 oad ¢ o B st aa 10 ASbEBTRS pSSEn pde G MR MRS ks e
of situati oabout B&0 EiH@UBbut 34 Myag)@gms gaﬁdrag@iﬂaﬁhl preis@fe af@fﬂsmrﬁﬁduon may be
dependent on the Imt tack, T n solubility
Pt for sl kbl BB aaebELAS b fbah 285D S0 R8E | bbl
(about 5 NT@heuBS0 pSa aBOM3SERBaaY Gl Abbdst {RROLI0 p3th (WA 6R)kPadDRER]rdfr@ hydrogen
need for a lI))!dr%(a:loansgSrg r(])% ago?lte g OSOtp%glk(abCo%p 3. X%/E}*yaa) or esls yfor g(ra]lglple about 350 psia

(about 2.4 MPaa) or less, about 250 psia (about 1.7 MPaa) or less, or about 175 psia

(about 1.2 MPaa) or less; a liquid hourly space velocity (LHSV) of at least about 0.1 hr’

! for example at least about 0.3 hr'!, at least about 0.5 hr'', or at least about 1.0 hr''; and

an LHSV of about 15 hr'! or less, for example about 10 hr'! or less, about 5 hr'! or less,

about 2.5 hr™ or less, about 2 hr'' or less, about 1.5 hr'! or less, or about 1.2 hr'' or less.

Additionally or alternately, the temperature, total pressure, hydrogen partial pressure,



can be in excess of about 1000 scf/bbl (about 170 NnB/nB) or even in excess
of 1500 scf/bbl (about 250 NnB/nB). However, the hydrogen need for the

hydr ot r eawedormemal effl uent should be rel atively | ow, Pas/tszothagi7ad r eady
been subject to heteroatomrenoval. SOmlarly, the recycled product has
previ ously been deoxygenated, and should also have a relatively | ow

hydr ogen consunption. As a result, the overall hydrogen need for the
deoxygenati on stage can be controlled by controlling the anount of

bi oconponent feed, relative to the other conbi ned conmponents, nanely the
hydrotreated m neral feed and the recycled product. In an enbodi nent, the
overal | hydagpgeAsveac K@id-¢denere xuaenahibeRosdidge sGanldrer abad 1r3RQ- scf/ bbl
(about 140 NnB/nB) or less, for exanple about 600 scf/bbl (about 100

Nn8/ n8) or Pe&&actdfhout 500 scf/bbl (about 85 NiB/nB8) or |ess, about 400
scf/bbl (ab 58[0 NBLBYIe Aoy ESRtioPEatHAP tin c%ﬁglnsa‘tic!ag%e 6?@&'&1‘5 vig N8/ nB)
or |ess. itionally or alternately, the overall hydrogen need can be at

| east aboutam5®*§@ﬂpﬁﬁmH@@b@ﬂﬂ“@@bwmﬂ¥%@9mfﬂ@@H@k@ﬁﬁﬂ@ﬂ@?(M%ﬁgﬁ)about 200
scf/bbl (ab 42 NnB/ nB), at
| east aboutgg%ﬁﬁscgyﬁtﬁﬁ%Ibﬁﬁehg%ﬁ%ﬁg? §mg§?“§8£ §§§€Qg@gﬁ{ 400 scf/ bbl
(about 68 Ne@hbiBtionyWhereot, leeartyottldr shijabitcogieavtong edictiok Hxhmpldeoiypemat i on st age
i S expresse of a feed
cont ai ni ng ggﬁ%L%le§1%%gﬁ9%%ﬂﬁgﬁ %gyaﬁﬁgﬁg%t%#%ﬂﬁﬁggéﬁﬁlﬁg@d for the
deoxygenatiomﬁsmhgalmahdamwkdumhatMynqmnmhmemmatemyMba1aﬁmkeﬁynhabout 20%
of the hydroge u a,cqrrespondj nponent
Peed. for exdnpar GropeBman i Petidrsroatt | QaERorSERRe 0GR Rebf her

addi tional | yvt%l‘orai leak ﬁlamelg/wt% hAddhﬁtnaluy by gltcogesy, lﬂfeeﬁlofuﬁtroftcheu;d@m(ygenat ion
stage can be %ﬁout ;g%) gss of ! Wg 501 /0;% PCT/ SZO# /941769 22
hydr ogen ne&fa & ke 46F&ﬁé @Fmgn APRY 5B ARG 195¢ SBAYonedt® f eed, for
exanpl e abouyt 160 Youtherl 288iSionaa @ hitpRH6I P thd BSSunt @erlabpmH fHéﬁﬁ @in Ye@SS.

[ 0061] After deoxxgenatlon t he eff] uent frontt%ivg: ond stage can be

separ at ed af@F' GO Bpedorgamelsphicast abpyt bivtiee Bt h&REt Ik es such

as CO and/ ohbddeB widdptsiiQ Fakiley additiRall P& Akin@iRlyr SRBMBLintRF @Q&?svm@ so be
used to renove |ight ends and/or other relatlveli§lom1b0| i ng nol ecul es. In

some enbodi Ao 0T @ritsvelPr SRMplsTPai2Aarte Gagesbow 20 MRy Igspor ti on of

the liquid ghdur y&Rtoslof RR LS AEDVILBALIOM ERALIHAR CRR: PEr&RMATINEd Wi th at
| east a portion of the product effluent fromthe hydrotreatnent of the

m neral feedoblaguial {egnalldtipuprangiot ealiadivel s presputi baampyntptithe fredreYdbl y af ter
separating Qqufe L giman%q?lea Qﬁou‘?f)fllvt{@mfor egé}ﬁﬂlé QﬁGég?%MQfﬁgt‘y APafIGRELI ON can

be split into a eoxy genated product Streamand a recyc product stream
The recycledbmnéduﬁ%nsmﬂ@annbaﬁxme3@@%brheﬁﬂMWKmHMhémwtipm§wréantfrontthe

m neral hydr n 0 nation
tage. D1 ool SaeraRs s 1AL HE RS, el GEhaP bty Sl R L T ur
and nitrogenrbanﬁhwmpamﬁc@hmpkeﬁdﬁﬁnwgmmaml@Mﬂ%@cabh@uawﬁmmdeeﬁ Wth
regard to suIJ re Jes n_advant ageously
reduce the §ﬁ hbmug“gyfgp ag@X F %%9E$q§@ ﬁ} ﬂf@asg%gﬁ?PTb%O wppm or

| ess, for exmt‘ﬁble&uﬁh)@ﬁ{'@ g5@ﬂlcaly[ah)1|t’ﬁ1ﬁn’ tltaﬁ&;‘slh@bﬂmhmi%a\ﬂ@rﬁb\ihﬂ[onlt%ﬁqt) about 50
wppm or Ies bout ess, about 20 m or bout 15 wppm
or | ess, B PipUA e g gt SR st B Pt B b gar @ ¢

ni trogen, t e mhapditolt weatd abgutSt e (s maabaddiniticas abduy 20wtealot Blonat el y reduce
t he nitrogenwﬁontent of the feed to about 100 wppm or | ess, for, exanple
about 50 wpphY & W} BeROrteding Fsusey Wamrbrlnﬁ%@%ema gnits shoglsphesnatioass,  about

10 wppm or  l&asi§st caRBMtataly SRR O¢lathv@BSlowe 1 RP Sttty dfb MRih QEtivit§Sheh as a

catalyst containing Co as a Group VIII metal, as opposed to a catalyst containing Ni, Pt,

or Pd as a Group VIII metal. Additionally or alternately, at least a portion of one or

more deoxygenation catalyst beds and/or stages can include an additional type of



[ 0063] The deoxygenati on process can be used to substantially deoxygenate a
f eedst ock, which can correspond to renoving at |east 90 nol % for exanple
at | east WO nlP@odat | east 98 nol % or at | east 99 nol ¥Pofi/ush@ 10xygen
present, and/ or which can correspond 21o reduci ng the oxygenate level to 0.1
wt % or |less, for exanple 0.05 wt%or less, 0.01 wt%or |less, or 0.005 wt%
or less) the bioconponent or other oxygen-containing feedstock.
Deoxygenating a feed can avoid problens with catalyst WO

2012/ 012091PCT/ US2011/ 041769 23 poi soni ng and/ or deactivation due to the
creation of water or carbon oxides during hydroprocessing. [0064]In sone

enbodi ment s catallyst] KB bs ﬁlg@l@dc’frdcﬁﬁg Qhtalybrea RydchIGIhSnof da@Pst, AQeWAxgy al
hydr ot reat ment. stage and fromthe deoxygenati on stage can be conbined to
provi de a siFHale Prigqnlinatet Beset Additionally or alternately, at |east a

portion of fhEsopr odystmbs@MtAtlfhde axLaendid QA bAIRNCRP @Y anyal ue as a
second, separate product fromthe hydrotreated mneral product. In

enbodi nent s avikleble hydresetad dpgeastar seh fypisellictorespopdto tbombounéaf widrdger he
ef f1 uent frgm iH‘tH%EHqﬁldﬁJﬂXQ.r Thi € AMTRB! it 2 %aie hﬁgnsn@grdqs FlALLCS of the
e l'ed, at Te I t

deoxygenat ed product can contro ast part, by adjusting the
rati o hydr otir dateduntioherdiblehydrognt [idigdybetod sitbagon,ithpantbuobefthydwgers st age

relative to u f Di e f i ng. t he

hydr ot r eat eég%]%g ree{agf(%\%g th%?ﬂ%q%idg e&%%“ﬁ%%ﬁ@%g @gglﬂ%g Of{%lg deoxygenat i on
stage may i figgpdgvek. tThe hgdrbgenfsobmilipy e fdriaggpiofl hydrecarlgmfbddstogk chadrygenat ed
feed, as conpared to t | d 0 roperti de enatsed product
produced fr r?{noaﬁ’f)k}t 313%%@%8“&){)1&@? & _utﬁ%c%&ﬂ%qu%%%%fmn“ guration
[ 0065] : nhag [€060di memk hwieg® @ecgﬁﬁabmémmﬁftfee‘qsfoela% @b&wﬂélggaiﬁgddby Itlhe

m neral hydrotreatment stage an e deoxygenation stage, a divided wa

col umm can K& RfsBE %S o a@?&ilBﬁ%ﬁﬂL@.(@wi%@?@c@rfﬁ%} vt ©'dP €qui prent
needed for t&MbLPEOSRIS0 Nhﬁ/néwqo@&e@mmgfdf@sﬁ neel GHHROMyIAHea®@sRferauch H2S
and NH3 can be separated out fromthe effluent of the m neral

hydr ot r eat meHtuclishgidd befedativelidahiah i hps Yisrdy leen pehdsst tochsiereatim rovplassed i nt o

a separ at ed Sﬁﬁi‘l%th.b Reclh 16 oMl B phdlidusEYebiMeoxtedhtb@Mahy shoaRMHI@M nant gases
such as CO and can be separated fromthe eftfluent of the deoxygenation

stage. The heveel miangeheiot idrgee eensemetipnh dspaswidthi avesalbhyslessnaceldpar at ed
volunme in the dé?%’\%?ﬁagm% S &aﬂlbg%t%ﬂ@dg}ydnﬁ?%ip%elanﬁgﬁmi&@??&@nfjsEd as a

stripper for / ter fractions an contam nants fromthe
ef fl uent s offeedorchtivt @dlsothatspinkingd ¢dniponreithmainely iy hydetrsephmatee! thiedsel f uel

broduct s 1 g gagh, St @0 ORBRI:ALGKI:AL e Wl LI AT F ARt ai N at | east

t hree separ
deoxygenation stage can be about 800 scf/bbl (about 140 Nm®/m”) or less, for example

about 600 scf/bbl (about 100 Nm’/m’) or less, about 500 scf/bbl (about 85 Nm’/m’) or
less, about 400 scf/bbl (about 70 Nm’/m’) or less, or about 250 scf/bbl (about 42
Nm’/m’) or less. Additionally or alternately, the overall hydrogen need can be at least
about 150 scf/bbl (about 25 Nm*/m’), for example at least about 200 scf/bbl (about 34
Nm’/m*), at least about 250 scf/bbl (about 42 Nm’/m’), at least about 300 scf/bbl (about
50 Nm*/m’), or at least about 400 scf/bbl (about 68 Nm*/m?). When the total hydrogen
need for the deoxygenation stage is expressed relative to the hydrogen need of the same
volume of a feed containing only the biocomponent feed, the total hydrogen need for
the deoxygenation stage can additionally or alternately be at least about 20% of the
hydrogen need for the same volume of a corresponding biocomponent feed, for
example at least about 30% or at least about 40%. Further additionally or alternately,

the total hydrogen need for the deoxygenation stage can be about 70% or less of the



of the volunmes is a common volune, typically located toward the top of the
divided wall colum. The remaining volunes in the divided wall colum can
repr esentwoabizmagossepar at ed from each ot her by a divi di mgTweske11/09t769 vari ous
volumes are all in fluid conmunicati ® with each other via the comon

vol ume. However, petroleum WO 2012/ 012091PCT/ US2011/041769 24 fractions
with a sufficiently high boiling point should typically not be able to
travel up the colum to a sufficient height to reach the common vol une, for
exanpl e thus effectively fractionating the petroleumfractions by boiling
point. [0067] 1 n various enbodi nents below, the divided wall colum is

descri bed a%y&@%’énﬁ@e@ﬂﬁtlﬂé@ﬁﬁ’ﬁ@ﬂol\iﬁbUﬂ@c@fé@pdmﬂﬂg%ﬁi@&hﬁ@@ﬂt f¢&@l, wres. However, a
di vided wal |l colum could al so have three or nore separated vol unes, so

| ong as t hefF¥EAmRlc ahouf e pr Isiieakoynfh oV lstsupiebea0ePdst ween at | east two of
the separat ggheqp! UMeSrRQELxFenTBOY, RS fRlcht Rdm iRQSRRYEL &4 Y UHPRSL

[ 0068] The vol umes can be affanged 1 n any configuration convenient for the
desired fraénd/ordinped . iscife agper romoyoscopgnigpegaseicticlods ¢handerddat ed vol unes

occupy r OUQ:Mp%:'ig]Faglgi"ath\eM Rgﬁﬁéﬂ?ﬁﬁlo%l Fessdhy hidenk és%gtd QRovERdnt EXRIRYE 2

di vi ded wal wo separated areas and one co n area above
coul d have ethehrebtivelhdvebphnameldcweseds sorouppdmoughifier andvabdf t he | ower
portion of tc{;'rﬁagganﬁt g&s,% el st% loH{Eﬂ'of %‘erﬁ] Ll%reh%llm l.afr(%!l ‘fﬂe‘%'i%& W@Aa'tioﬁ; ol um W th

t hree separated areas cou §'have eac sgpara ed area occdﬁy approximately a
third of thecakoweranporcsmioned witlt @renatd poetion ofigr podustefilome fromrtheach, of the

separ ated areas, can ha di.f ferent ,vqlu , i C dependi ng. on the

condi 11 ons IRAGFERRPEAY R evesrdireas AR AR ey R Mhay be

pr opor t i one@rdf@htdy hfve sépardting oattipinérsls,ahe &eladnt fomuhedexpeaitd.redc8869] | n

vari ous enbodinenhsq tﬁf gosithfn gf t he di idin§>¥all can be,ﬁﬁy

conveni ent 5857 PEhNfoteor e pred odyetstam 3R A ey Eled Bicdwi 898t e separ at ed
areas. For @ecglilvd @dudttkdantah BEBohsMEdgitlathe QlifgdeymItRIMNGAe ehifyrdli ndri cal

shape, one %p i on includes having a dividing wall that corresponds to a

di amet er of "YHETLHPEHAELIOT BE Bl @ PP OdlcE ORI SLpPalEted areas with

roughly equal vol unmes. Another option includes having a dividing wall that
cor r esponds DigsclPredust Bropertiesect i ng two points on the circunference of the

rounded sha to i Lnvol vi roughl radii t he rounded
Cranact uatfugdl, | o Sy AEREERLIYRL MIASOYER L SN 8l e 1P
anot her opt canprefecblydesedard. Nith radand td isul Giryvak lor bt hydrogastesntcageent ri ¢

oo o YOl Rl IFRIHEL 0 B PR ek BURIEY L0 o

di vi ded wal kvppoldi i fortdremploaveut pO@appr ot Bsd, asoud 1@l whpahh oidlesspdoucsan be

equal l'y applvxjp%rcrll otr ?esg,% éjurmﬁ w%%r\ﬂi orr] ?esgta out 28 Dv%Br%so'r less, about 15 wppm or less,
about 10 wppm or less, or about 5 wppm or less. With regard to nitrogen, the
hydrotreating stage(s) can additionally or alternately reduce the nitrogen content of the
feed to about 100 wppm or less, for example about 50 wppm or less, about 20 wppm or
less, about 15 wppm or less, about 10 wppm or less, about 5 wppm or less, or about 3
wppm or less.
[0063] The deoxygenation process can be used to substantially deoxygenate a
feedstock, which can correspond to removing at least 90 mol%, for example at least 95
mol%, at least 98 mol%, or at least 99 mol% of the oxygen present, and/or which can
correspond to reducing the oxygenate level to 0.1 wt% or less, for example 0.05 wt% or

less, 0.01 wt% or less, or 0.005 wt% or less) the biocomponent or other oxygen-

containing feedstock. Deoxygenating a feed can avoid problems with catalyst



WD 2012/ 012091PCT/ US2011/ 041769 25 [0070] 1 n an enbodi ment, the dividing
wall can have a height that is tall enough to allow for renoval of two or
nore fracwOene/fie@m a separated volume within the col umrCTHISg0IT®AXTSY t hat at
| east two fractions that do not mx width the conmon vol une can be renoved
froma separated area. In one enbodinent, the dividing wall can have a

hei ght that is sufficient to allow for renoval of two or nore fractions
fromeach of the separated volunmes. [0071]1n another enbodi nent, the hei ght
of the dividing wall can be sel ected based on controlling the amount of
contam nation between the nmultiple product fractions produced by the

col um. For peXafiid fud/dr deRticHtioh deeltonrd dreftidh BN atch@ticaion Akiaesdgiings el
fractions, the separated vol unmes can be used to produce two diesel

fractions ofYHPPPESERE quality, ~such as one diesel fraction with a higher
anmount  of 5‘[’(')664?_ a”%@orﬁ@&ﬁ’t&'&lirﬁ’éﬁ%s,_@ﬂle?fsf @?&ﬁi@tﬂot{tﬂi@éroé@c@ $dth @R RndFRr €

stringent specification (i.e., having a lower sulfur content). In such an

exanpl e, it hrdiptrésemers stagadsiddranpthi dedxygerhbomasiansven bf camkitrdrgerovidae occur s
bet ween the #&% ggd &%ltre%rﬁaﬁhé(ljimtﬁ%ﬂ?/ -gpallte'rr{gtély, %Pl%ggt ‘3)158 B 9Fthe g%ﬁua?foght of the

di vi di ng wal e selecte imt the anmount of "contam nation”
bet ween t he tiferdzexyigomdion btagagandarodiluvent sedohd sefavdtedpnaduonéioin than have a

suf ficient i Q.. o t froma
first separ g?%rgg%/a(tﬁ u%%g%%prr?(gicgoﬁr}ggl%? %ngﬁ%g\%l grr?\é\%esaeg %%Hﬁecg‘gergg%gksn&[oar at ed
vol unme, for cexbingl eith ths sfftuesrfreulpta tnifersittgrolresmenthtuge, dloaiiragteristds of ess t han

about 0.1 %, or less than about Q.05 % The apount .of .contam nation
21V ovied des M SRR REHERARRE comrRg *hEps Pt By MO Re R For - exanpl e,
i f cont am napdroficataimitadbaflacnpididd e tht Bqfidkcbntdudsistge eflatde to the
gover nnment - mandat ed. speci fi cat.i or other r irement, the dividing wall
hoi ght o BECSRIEREEETRCTIRY AgREARTG Mo Fur gy et 1 over
such as | essidchapor@iatdd idtohMdUx RrenhtRSStapbany abgrote Be 08d Woloprd¥ettRE nat el y,

if the desi r? to reduce contam nation is to decrease in product

ue nerely
val ue with & theg&ssaliag degyyganaiet yeeds s&orpyrdiothe wfﬁ flowergrtictdiAd d be bal anced

agai nst ot h@kox§cQRRAIpEodab P RBERL R BRly thdbiddnPoRadidkgnt , si mul ations and/ or
nodel compound experinments can be used to determ ne an appropriate dividing

wal | hei ght Di&i&éﬁﬂ%@@ﬁuﬁﬂn@%kﬂ ¥raRY alternately, the height of the dividing
wal | can be ocation of a condensing zone in the
col um For #0@iS¥en pneduobodinadudes sbyarde piodtdt birasare modusadby thhe
882(21?8?_'288 1%&%%%@%&?%%&%%&& Qned tger &%%engt?o% sta\é\le:,) a divided wall column can

be used as a stripper, e.g., to reduce the amount of equipment needed for the process.

In such an embodiment, contaminant gases such H,S and NH3 can be separated out

from the effluent of the mineral hydrotreatment stage. The remaining liquid effluent

can then be passed into a separated volume in the divided wall column. Similarly,

contaminant gases such as CO and CO, can be separated from the effluent of the

deoxygenation stage. The remaining effluent can then be passed into a second

separated volume in the divided wall column. The divided wall column can be used as

a stripper for removing lighter fractions and/or contaminants from the effluents of both

stages, while still maintaining the separate diesel fuel products from each stage.

[0066] A divided wall column can contain at least three separate volumes. One

of the volumes is a common volume, typically located toward the top of the divided

wall column. The remaining volumes in the divided wall column can represent

volumes separated from each other by a dividing wall. The various volumes are all in

fluid communication with each other via the common volume. However, petroleum



26 represent an upper limt for the expected height of travel for vapor of
the given product. For the exanple of preventing contam nation between

di esel freot2ommme2093el ecting a dividing wall hei ght corresparsdiing4t769t he
condensi ng zone for a diesel fractiom4wul d be expected to limt

contam nation to about 3 wt%or |less, for exanple to about 1 wt% or |ess,
to about 0.1 W% or |less, or to about 0.05 W% or |ess. [0073] Further
additionally or alternately, the height of the dividing wall can be
selected in relation to one or nore features of the divided wall col um.
For exanple, the height of the dividing wall can be selected to correspond

appr oxi mat elfyctidas Wite aRefrghhtipeikneeinng pantrabile Mpakhily & veablemrartud he hei ght
of the flash zone. Stil]| further additionally or alternately, the height of
the divi di nghasaiumndg s seibicicaldisighitorrgach e qoaimghitvobme, Ha cxitrlo s ect i on of

trays in theme@iveyact Aid e petfokubh@dcrispldiyidoanaldotor al ternately, the
hei ght of the dividing wall can be at |east about 15% of the height of the

di vi ded wal 10Q6Il urm Infaious gahgdimenis belewisthe divislad w2l ¢plomn i depasihed aspbout 30%
Agai n addi t i ¥ Qhnhtelnatg £..08L 90Ty diy i A yal I can be
about 75% or Q{MZ%J% eocg Pﬂoet\ﬁéllg}%hat h%ﬁ?[o %eﬂe a%lﬁ\lylglgegg\A/a%\?&gdla\gnﬁ%éa]g%ar exanpl e
about 60% orolumgsouldblyahavs0bicooer thes s¢pasdiuitoluh®ss sorlon ges sherois ablsaritn80% or

less. In addjt]j ral 'ﬁﬁﬂ i ah f j vi ded
wal | coIunng@%ﬁgﬁg$%ﬁ%S@H%gkﬁ%%gﬁgﬂ%$g+ess§§$%%gégg§%ﬁg§%%3ﬁ%ﬂ§bg%eters or
| ess, about aBbf esgumtarvoluess., about 25 neters or |ess, or about 15 neters
or less. [O n enbodi ment s ere a divided.wall colum is replacing one
S G e (1 AP S A A N R e S R e

co: um can Hﬁslil‘é@Eﬁ&loﬁﬁii(ﬁl@.d()h@bptiﬁhes t@ﬂl@ﬁéseaSEﬁf_tth@ﬁbl@hraﬁaﬂﬁaﬁmgﬁ oddipy separ gt eI
vol unes rou correspond to the cross-section reas of the individua
fractionati el eotingy Oféh%é%\éﬁ%ew%ﬁ&é S a?m%ﬁﬂ@ai CHE‘th,nghe
cross-sect i gp@kep@a®asrdaf ardd e SOHRMbALR YIRIVY IR BAR e WithdWePar@dB@hikasl 0% or

| ess of the cross-sectional areas of the individual fractionation colums

bei ng repl a®edpy sruehivthaifef tisdurer sortign of be divided graB cplymap Stmikirlyet i cal
embodi ment s i\t 8 waleBfuh@wit thfch Sepfliavdddedhs Wali hzﬁ@!e%egﬁﬁe& el sdgpd ypi cal
conponents of a fractionator. For exanple, a series of trays can be
approximately a third of the lower portion. Alternatively, more than one, or each, of
the separated areas can have different volumes, which, depending on the conditions
under which the divided wall column is operated, may be proportioned relative to the
amounts of each volume expected.
[0069] In various embodiments, the position of the dividing wall can be any
convenient position that leads to the appropriate volumes for the separated arcas. For a
divided wall column having a roughly rounded cylindrical shape, one option includes
having a dividing wall that corresponds to a diameter of the column, which would
produce two separated areas with roughly equal volumes. Another option includes
having a dividing wall that corresponds to a chord connecting two points on the
circumference of the rounded shape or to a pie wedge involving roughly two radii of
the rounded shape, thus leading to different volumes in each separated area. Still
another option includes having a dividing wall that creates concentric circular volumes
for the separated portions. While it is believed that roughly rounded cylindrical shapes
are preferred for the external shell of divided wall columns, the above placements for a

dividing wall can be equally applied to columns having other shapes.



| ocated in the divided wall colum to assist with fractionation. Sone of
the trays can be |ocated in the common volune. Qther trays can be | ocated
in the separat2@1whunmes. The tray | ocations and/ or spaciPog/useoitiogl7separ at e
vol umes can be the sanme or different 25WD 2012/ 012091PCT/ US2011/ 041769 27 in
each volunme. As an alternative to trays, any other type of internal
structure typically found in a fractionator can be used, such as random
packi ngs, structured packings, grids, liquid and/or vapor distributors,
i quid and/or vapor collectors, or the like, or conbinations thereof The
di vided wall colum can additionally or alternately include other typical
fracti onat ofo@logments an SMENiAStANE HidRih 2PN AR REV QI heReh® HAP;s tD@BRIRAT Y
Reaction Systems [0077]A schematic representation of a reaction system
sui t abl e f ofo dlowi i9T Fgositof freordBYY dapitae Segigscpaatehyriye witlkihdhe 1. 1n FIG
1, a mineralqhygr ‘i’ﬁérnlfb%k tE@c%@'I%EQ% #0%iohSthhi o RHMEERith M Qodmbh I St
hydrotreat ment reactor 110. A hydrogen treat gas stream 108 can al so be
i ntroduced ivalmclyrbormendfEm a sepateiedrarce] Bn omRtrmbegidicot dictsbridingsdlt ock can
e exposed_Leh INOLALLEARIRILERRGH 1) 08 ehLUSb XA AIEERLIBAL pact of 110
in the presence o e or nore catal yst beds that contain rotreating
catal yst. Th@cthmtwaea@dmﬂmmtﬁan reduce t he sul fur content of the treated
f eedst ock, to Ies tha 1 m an abo 00 wppm
| csst han’ aftfitt 50 Ui SEBRSH wh Ben IR MR E et L2 R kbsd. 20" rppm
| ess t han abesst oﬂﬁommumg tlﬁH’aﬂu&ﬁSoﬂchﬁﬂﬁm&hﬁbﬁ bel@eeWpMul&@Iédedﬁbte hydr ot r eat ed
feedstock 113 tcan fldow fr?m hydr ot eatrre cIo l]io i nt a hot, high
pressure sepafHPF Bipdied by lff@u% roée’éf‘nﬁ’ lnpéh §‘éie ST PR AR be separ at ed
1;] r gm l'i qui dpwaa&@ d[bwdueﬁ@s th@seﬁhlgcedlzoluﬁlepﬁinafelu@w t8 hagacclr@ dﬁe@él pr odﬁce a
ydrotreate tream 123 and a as phase stre 124. T S- phase
stream 124 &ﬁ“ g‘&fﬁmﬂ’fd‘ﬁé eWeh g g, leéﬁéfacte%ww@gfmfd}ﬁ@am b covery
and/ or recygh®a setaom&lés@t fiRabh Nl Aagy denad itfRschedetiftdioh (.4, asinphocess
and/ or in other processes, such as within the sane refinery. Optionally,
the hydr ogeoVsr sH{us comei- 1p ucham chanpled|apelr desirablete it hapmowt of he i nput
hydrogen st peafhkQBat odhifs Méeﬁttﬁ&%%sél'tﬁ'éh&ss%%ﬁms%gt?’e;&ﬁzﬁlgte hgh be passed
to device 130, ich can eastrlf) fractionator, or the like, or a
conbi nat i on heikiragde dividing @all pan be se eqiqﬂép lé,ifllft fhs@mousitof Seamtap§oationdm t he
deoxygenat i g SLAGE GADR! HOnSMoSHn{RY inS QiviAR: Wiil Bytiiee DYARALLGRLRd | i quid
stream 123. %wev\éléce 130 (l:lan bg used1 to mak é a %W%sg? o?iblé/ng1 rangg pr oduct,
e.g., by renothanlgss thagrpboen@svtane tixapbdusairém erirstlseparateginiotings domgsnonds The
| ower boili i iling
range produ g%su@%r?%gﬁgé \%’ggn&tn ggeé’é @ﬁ@g epfocr)gga(t':%g% le%%ﬁan @Ioggase‘%g%’s}ig e stream
133 of the Mhadnbprtdoe%s ks timgmat 0.f eedsdrdesk than Wdut 0.05 wt%. The amount
2012/ 012091PFT %?n%rqgﬁ]é/n%ﬂo 76(19des1red can be dependent on the nature of the product. For

example, if contamination can cause a product to fall outside of a government-

mandated specification or other requirement, the dividing wall height can be selected to

limit contamination to a more stringent level, such as less than about 0.1 wt% or less

than about 0.05 wt%. Alternately, if the desire to reduce contamination is due merely

to decrease in product value with a decrease in purity, the dividing wall height could be

balanced against other economic considerations. In an embodiment, simulations and/or

model compound experiments can be used to determine an appropriate dividing wall

height.

[0072] Additionally or alternately, the height of the dividing wall can be selected

based on the location of a condensing zone in the column. For a given product

produced by a distillation column, the condensing zone or stage for the product can



28 [0079] The side stream 133 fromthe device 130 can then be passed to the
| i qui d- continuous deoxygenation reactor 140. Prior to and/or inmmediately
upon ent evongizaadtor 140, the side stream 133 can be cechiused 1nit7ho

bi ocomponent feed 145. The conbi ned f®ed can then be exposed to hydrogen
for fully or partially dissolving therein, e.g., by adding a hydrogen
stream 138 to side stream 133 and then mxing the streans in static m xer
136. Optionally, the liquid may be flashed after |eaving the static m xer
to renove excess gas. Additionally or alternately, excess gas in the liquid
| eaving the static m xer may be vented directly fromreactor 140.

[ 0080] Af t er rdproskit@n upfite lifdil thiyth@ Exeated hakihtyot e @QeRr0s 3t the @tvesl plodiictt hi s
context, physically not chem cally) side stream 133 and the bloconponent
foed 145 cahOBHE BFMUERRIEHETN: ComMBITHIg brECTr SHe s . SGo8BI and

bi oconponeny;i@gdwsIRRiPR cSeQ¥NERNAL et bRAJMLIALUGR & Aaaxyeansh aduf f | uent
143. The deoxygenat ed effluent can then be separated in separ at or 150 into

a cont ani naft CEsstep aliait antaaiativn Ao oyt AW qiiless, Sarcaynrle BorbogthleWCont ani nant

gas- phase sif RaMoladduCRNwhaYLIe&, bithabduy 8loy wioWrydr ogen content, such that
there may not bé a need for the hydrogen in stream 154 to be recycled

Li qui d stred®f78%9 cdivrthe additienhlly or nltvenateipuhe lfellghtvof the dmdn@waﬂt-;@mfoe forma
di esel fuel sgec(?.gf“lﬁ&%]at{o%qg %11&!: (lr(l?hor fe%&lpe%%?tﬂefdﬂ{{l] nﬁln P%¥ %&;? nﬁ!)

configuration acco e |nv on.
separate di dﬁvéielgiht)oﬂthm@}vlda]ggmllmamdu sl tedrte canasphmledpro@rretqbr oduct

corresponds ust dro eated m ner ond product
correspondsh?éhhxﬁq HFbO Wnt ﬁfﬁpgfpggi 8%hVﬁg¢ ¢m$5 gﬁg§?ﬁ§
bi oconrponenhddleﬁdlly bﬂalEhﬁtel)Z lheflﬁ%ﬂlUde&Be dividingavalltcan Edrésspdndas ehcihgighcat ed wit h

an |dent|calf gb fferep relative to the enbodi nrent shown in
FIG 1 begi AT{HF ﬂ“ﬁ%§$8@1 5 WHICH "Pike device 130, can be a stripper, a

fractionat ofgo7) theyd:hlifher &fdltene@rmlanemes» thbasie@for iHe dRlidh %an gavi ce 230
can receive the |ngld out ut 223 from separati on device 12% However ,

devi ce 230 Prafleishyiopt kﬁfes theheight o fhg divadad; wpll; calusim fexiriesitienst

deOXygenat'Q&nﬁ@@%%rmﬁgﬁ§ﬂxhhﬁw%0M@£9h&h@ﬂmﬁ§6@ﬂ@hﬁéﬂr&Q%&%&hﬁ@% ling range
product 237, and side stream 233 can be based iquid effluent

from the ni diiding Tgllieantbeahout Ag’ ot dgeofithheigi of thﬁ@m@ddmlpmtunfns tm t he
deoxygenat i Q&nﬂ&l@%uwdﬁmber abbaPsBabr kes;b%aﬂmbﬁoﬂ@és' b a!gg&t%%ﬁ , §i§&ycl ed
an 2

product portion 259 I 'oconponent [1iquid portion e bl oconponent
liquid port lomdEBalcanltgeate WOPQDMANLY IROBIARCTY tS2OLitd @4l 7@gmR Qarsher i pped or

fractionat egbdu@ 7§E11 epspo?rlesgqgr &913{)%%88& 58 e!teigsh&r 1&@%%0&“3@@95 erl g ha stream

264. This can res second" di esel g range pro uc
about 25 meters or less or about 15 meters or less.

[0075] In embodiments where a divided wall column is replacing one or more
existing fractionation columns, the diameter of a divided wall column can be selected
so that the cross-sectional areas of the separate volumes roughly correspond to the
cross-sectional areas of the individual fractionation columns that are being replaced. In
an embodiment, the cross-sectional areas of the separate volumes can be within about
10% or less of the cross-sectional areas of the individual fractionation columns being
replaced, or within about 5% or less.

[0076] In most practical embodiments, the interior of the divided wall column can
include typical components of a fractionator. For example, a series of trays can be
located in the divided wall column to assist with fractionation. Some of the trays can
be located in the common volume. Other trays can be located in the separate volumes.

The tray locations and/or spacing in the separate volumes can be the same or difterent



[0082] FIG 3 schematically shows a portion of another alternative
configuration according to an enbodi nent of the invention. In FIG 3, the
amount ofweqoiznrert required to generate two distinct diPpesalS2aioki7ag r ange
products can be reduced by using a di27i ded wal |l columm stripper or
fractionator. In FIG 3, a divided wall colum stripper 380 can be used to
repl ace device 130 and stripper 260 shown in FIG 2. The separated liquid
phase effluent 323 fromthe mneral hydrotreatnment stage can enter a first
separate volune 391 of the divided wall columm stripper 380. The liquid
output fromfirst separate volunme 391 can be used to forma diesel boiling

range pr odugid eash kelamt 337 amaltbriitiSé Baragt, 8R6Ih33Ipe diNReduiErusiifeaaiadig3 can be
conmbined with a hydrogen stream 338 and a_ recyc| ed g&oduct stream 359 from

the deoxygefifdh? Epciigaatorgan e uesdpiugiaes er@oé%c}seﬁs BEUGeS kBT ough a ni xer

to at |east gpad tih@h hiyd/ei aped dlﬁnlmf&é QRGN dnlof WpoBLIIREBIs, &-tBb likel &
approxrnateﬁy t he solubility limt, frror to entering t he deoxy enatron

stage. The §e§lalﬂetoeathereaﬁrﬂleph\a§@% olmBEg afdigerally er dcmarbeaiiion st age

can enter ao&%ﬁ%féaﬁfﬁa@é&lﬁ%&@le}{ﬁh@%%c@%% @fn LOR git f&thprel | col um stri pper
380. Note that, 3, liquid phase output 353 is referred to as a

separ at ed l% Bqémmumﬁiﬂut Typi cally, contam nant gases such as CO
and/ or CO2 BEor e | i qui d phase output 353 is sent to the

di vi ded wal [0G] urm A tdht@ppes re@8&ntalibii Sf CiitioR ysten imreblamuaﬁylﬁé o@qui pnent
exposed to corrosive.e vrro n an be e dye to the
prgsence ofq56WP8§¥9§$?6ﬁﬁ L %ﬂﬁé féﬁWﬁWﬁ B‘Eﬁ% %@%ﬁp ed vol ume
392 can genepaisanttodseLand adrrﬁs@hrobeatﬁlbrngeamagﬁ) K aglieten3Rdt Basednon the
l'iquid output fromthe deoxygenation stage. @T&Hﬁas phase products

gener at ed i AO%FAR ARePewRiTaduedRimby dpirsapat 1 HehydirtaP¥d in a common

vol ume 393. ko &QANBE e MRLIITE ho@Dr&@NE ERHRioAs |nl ithyBRESatRLAG8Mo384 and
optionally a naphtha stream 38 [0083] I n the enbodi ments shown in FIGS.
1-3, the stdiQpthyprasraroet ong aempisisaelverbeds talweniamehydrgniingsagheduci ng one
l'iquid phasgppp Ht?éatmen@céﬁtrgﬁfce mgﬁﬁl@%ﬂ&:ﬁ“t’of@hesrfe'éfeg@éeago&ng{fofo less

fracti onati on stage can be confi gured generate nuitipleé e., two or
mor e) pr odudthas abeusd 0QDcepamh.dess thag abeyd pPhyren.dee thrarnbow 50 orbinglessetbar o

ange. pr odutt e ePaTs O TaE TR @B T b Sb! S plndafer B 4R N0

schenat i cal 19 wphows an option for |ntroducrng hydrogen into a

| i qui d- contr Sr 0 t. o riredj a t he
react or 1 nIGHRES ," EL O Rl NGB log B Esab e E P e PR hiSan B 1
l'i qui d. Srdenshhaamghmk$Mqupﬂmﬁ%&u@em2@eﬂe&mqme@hﬁe@ammeamimw 440 and
introduced into mxers 475 The m x n east partially dissolve
ydr ogen 1 r ST B ROL] PlastRass b 616 o sihreipas e ammT o dict e
(physi cal |y hy®etreatddaiiukiahlesnh 10y sHdagee-piat di@hehd lmeg@b $héé g@mmtiben be

returned to the reactor 440. Additional Enbodi ments 0085]Add|t|onally or
al t er nat el y 2% HEE HRERZCRT-LdRaticat LIS TSR & GFconsy andier eHSEISHD| | owi ng

enbodi ment s y§,908EhETRAYEHRAN bactdls BhRPEhEQran@BKinMEheR p&3&! sukhigd product,
conprisin
P 9 within the same refinery. Optionally, the hydrogen from stream 124 can be recycled

for use as part of the input hydrogen stream 108. The hydrotreated liquid stream 123
can then be passed to device 130, which can be a stripper, a fractionator, or the like, or
a combination therecof. In FIG. 1, a liquid effluent stream 159 from the deoxygenation
stage can also enter device 130 with the hydrotreated liquid stream 123. Device 130
can be used to make a diesel boiling range product, e.g., by removing light ends and
naphtha from the liquid effluent. The lower boiling molecules can be removed via
output 134. A diesel boiling range product 137 can advantageously be produced, as

well as a side stream 133 of the hydroprocessed mineral feedstock.



contacting a mneral feedstock having a sulfur content of at |east about
500 wopmwith a hydrotreating catal yst under effective hydrotreating

condi t i orsO0i2n122010pdr ot r eat ment reactor that includes a eomtuseao0s1’7gas phase
to make a hydrotreated effluent; sepa8ating the hydrotreated effluent into
at least a first diesel boiling range product, a hydrotreated liquid slip
stream and a gas phase product, the diesel boiling range product and the
hydrotreated liquid slip stream having a sul fur content of about 50 wppm or
| ess; mxing the hydrotreated liquid slip streamwi th a recycled product
stream and a bi oconponent feed having an oxygen content of at |east about
8 W% to fogomop M x@d sidBRianSII3ERIM thd @ONYIBDhA NEn bOBasBddE thel 1AL St Team
under effective deoxygenation conditions in a deoxygenation stage having a
conti nuous EPHliLeLssisas@crion Fomre 0. tFoiof Branl/ar vepehimelyieedntsBR| | ng r ange
product and the, [REWelsRE sRERATUEE cafi bE EAMindGiBi&FhJoRRH e i 2R NAVI NG a
first hydrogen need in the deoxygenation; and adjusting a ratio of the

hydr ot r eat edombiged Gedtanghantheszpasahtd ydwepi e biyon eprtialtedispolving theseii xed

i nput strea LLesnal I : Lxed | nput
streamin t ﬁmgm@ggg?g%%g%(?%%h?ge% fﬁﬁﬁggg%ﬁ%@%ﬁ%@?ﬁg"ﬂl?@%ﬁ*ﬁ% rogen need.

[ 0087] Enbodiimstatic r2ixerA 3fre Optichatlpy therhgiidhganbaflebed affenlavipg ddusttic meonpri si ng:
contacti ng i S i r..C .Of. - t about
500 appm i {HToRy oot e el e BE B iR Ry ERY: g

condi ti ons itatiammedmay beatnmentirectaftdroreatthat40i ncl udes a conti nuous gas phase

to make a h reated effluent;, separating,the hydrotreated effluent to

orma hoar T o3 e Bl SR ik PR M A 6 Bt Rl

2012/ 012091 Beyfstdafy Qdtbh&4it 4169 sidd se@Rt Bi3nind thetiZRompéhchPieed BBSIaR@ntbhe

hydr ot r eat ed qu¥id,ﬁ%fLuent into a first separate volunme of a divided wall
r

col urm st ri peter 144 /Thssrixyre o dhandesgede arbRYoqompapet Sef LBt in the first

separate Vohmﬁélﬁteh% Plodudeladidbxy@Bstsedf it D13, The dbB§8énaRRQictiee darnge
product, and a hydrotreated Ii aw d slip stream the [ight ends fraction

bei ng passedonRe seraraErifrBmamr daingT 2 eruantna gscPhags srees |l ethfndstliauisber, t he
di esel boi | ipgnf PRIGHPEAHM TR PG MXIALE 8 B b kdiivdly3bl Ry&bg&am havi ng
a sul fur content of about 50 wppmor |ess; mxing the hya/r otreated liquid
slip streamcopter, sach dakibere tapmeidiecetnesd fos e hydivgeminsiremd ifotadat f eed havi ng

an oxygen conteni OfaRati Fotilbe Laiel A1 Apll 86 dIPRL 194 .98 o

deoxygenating the m'xed input stream under ective deoxygenation
condi ti ons idiesd fedosogdgenat i on st age having a continuous |iquid phase

envi ronnent orm 0 enated effluent: separating the deoxygenated
of 1 uent 1o 08 L "HGERNARRGRT el b dF P FEPRAAIA Lt da R Dhace
ef fl uent cormmaodimag oCOR iavedti&O;In PAS.S, ngp dcharadeliesyideia echgt popduds @&t f | uent

nt0 . eCON Senal L YRR S ho ARl SLREERE 1S e 1

form a secoBétohd platiuctBélSesporale td DRixnde SLMO AgHrolr@&dImibahl feqicand avge
biocomponent feed. In FIG. 2, features similar to FIG. 1 are indicated with an identical
number. The differences relative to the embodiment shown in FIG. 1 begin with device
230, which, like device 130, can be a stripper, a fractionator, or the like, or a
combination thereof. In FIG. 2, device 230 can receive the liquid output 223 from
separation device 120. However, device 230 preferably does not receive a liquid output
from the deoxygenation stage. Thus, the low boiling stream 234, diesel boiling range
product 237, and side stream 233 can be based only on the liquid effluent from the
mineral hydrotreating stage 110. The liquid output from the deoxygenation stage
separator 150 can instead be split into a recycled product portion 259 and a

biocomponent liquid portion 253. The biocomponent liquid portion 253 can be



product, and the recycled product stream the second |ight ends fraction
bei ng passed into the common vol une of the divided wall colum stripper.

[ 0088] Entwoi2nexitiz®1 The net hod of enbodi nent 1 or enbodiPeEMUS2@,1/04476% €i n t he
effecti ve deoxygenation conditions i ude a tenperature from about 260C to
about 425C, an LHSV from about 0.1 hr-1 to about 10.0 hr-1, and a total
pressure from about 300 psig (about 2.1 MPag) to about 1500 psig (about
10. 3 MPag). [0089] Enbodi nent 4. The nmethod of any one of the previous
enbodi ments, wherein the effective hydrotreating conditions include a
tenperature from about 500F (about 260C) to about 800F (about 427C), a

total pressyii@pdd @Tasidicd 208ripser god @RGHEVek. 1EhMIAGInd/@ rapiand st2QR0 psi g
(about 20.7 MPag), an LHSV fromabout 0.2 hr-1 to about 15 hr-1, and a
hydr ogen tr &t ﬁagcqnéﬁ%ﬂtfﬂ? piscanbiiescEolingppgspirodush#lly 85 N8B/ mB) to about

10000 scf / biphogagouteré; 790 NIRf) sho[x@%@ﬂtf%ﬂ%?&l{dﬁﬁ%lténanw@oﬂﬁhﬁﬁ{#ﬂ of any

one of the previous enbodi nents,” wherein the deoxygenating conprises:
renovi ng a perotdigmtogh emhedlmpmérﬂthen@wn@t rléﬂx‘ﬁﬁr dmanieenigd esyip@adt i on st age;

2012/ 012091 P RSB IT 8 5 ¥ B PP REkh DR AR RER S leal by wipe
di ssol ved hydhadpdnvablaokinintiippehe fetonptye. nhIHIGn3,sat(hgéed yo0@1jErbodi ment 6.
di 5ol ving RYBPONE HrCthg g e E BBl TR IS Ot g ¢ he
m xed i npgt smara&%rhqu[dqmg@] cifideo 3 23efinim ﬁhﬁ nilﬂmﬂdgﬂﬂwdatméntesmge)chnr%?ﬁr ab, V\ﬁer ein
the amount ?ifrst separate volume 391 of the divided wall column stripper 380. The liquid output

from first separate volume 391 can be used to form a diesel boiling range product

stream 337 and a side stream 333. The side stream 333 can be combined with a

hydrogen stream 338 and a recycled product stream 359 from the deoxygenation stage.

This combined stream can be passed through a mixer to at least partially dissolve

hydrogen in the stream, e.g., to approximately the solubility limit, prior to entering the

deoxygenation stage. The separated liquid phase output 353 from the deoxygenation

stage can enter a second separated volume 392 of the divided wall column stripper 380.

Note that, in FIG. 3, liquid phase output 353 is referred to as a separated liquid phase

output. Typically, contaminant gases such as CO and/or CO, can be removed before

liquid phase output 353 is sent to the divided wall column stripper 380. This can

reduce the amount of equipment exposed to any corrosive environment that can be

generated due to the presence of corrosive contaminants such as CO and/or CO,.

Separated volume 392 can generate a second diesel boiling range product 367 based on

the liquid output from the deoxygenation stage. The gas-phase products generated in

divided wall column stripper 380 can be combined in a common volume 393. The

common volume can generate a light ends stream 384 and optionally a naphtha stream

382.

[0083] In the embodiments shown in FIGS. 1-3, the stripping and/or fractionation

stages are shown as producing one liquid phase product. In other embodiments, a

stripping and/or fractionation stage can be configured to generate multiple (i.e., two or

more) products. For example, a stripping stage can be configured to generate a separate

kerosene fraction, in addition to a diesel boiling range product.



hydr ogen di ssolved into the m xed i nput stream corresponds to approxi mately
the solubility limt of hydrogen in the m xed i nput stream

[ 0093] Entwoi2nexitiz®1 The net hod of any one of the previ orsTAISR@diomERe S,
wherein the hydrogen consunption relalive to a total flowinto the
deoxygenati on stage is about 250 scf/bbl (about 42 NnB/nB) or |ess.

[ 0094] Enbodi nent 9. The nethod of any one of the previous enbodi nents,
wherei n the oxygen content of the deoxygenated feed is about 1 wt% or |ess.
[ 0095] Enbodi nent 10. The nethod of any one of the previous enbodi nents,
further conprising conbining the first diesel boiling range product and the

second dies OSJP |iQngﬁﬂﬂékaﬁﬂyﬂkw%QnB?@ﬂﬁﬁrﬁ@&@kﬂ@%w@b SfihtoRy oduct . .
Exanple [0096] The following is a prophetic exanple. An atnospheric gas oi

i s sel ect edliggidgonimerarad@agetcss porTiiermedigs fosalonh istha reger i g 1¢ange
bet ween aboyt wbiRie@0%s &b Qhtw P fixidd 16y dsdteh %rﬁﬁ@iﬂhﬁﬂ%id&%n&dﬁ% Jrégeiqi s about

4000 wppm The feed is hydrotreated in a trickle-bed reactor (wth reactor
beds havi ng4a3 ewrrirenoed figasteptiersé0 epd/infrodieehino mixderd7ef Teemixge can

hydr ot reat i et i ihGkel - enum on an
al um na supgg?%$B#ﬁghﬁ§§P3§?§%§%%q%%fﬁﬁ%ﬁ%h?§§§h£%q§§€§?a g§%%%?% a di esel
fuel product7dt Fledphysealiasoptamealyrhydmetosaturatcdpqud 474fantkeaypel ed hydr ogen,

and a hydro%&&g%;%dhggghg%ﬁbjp stream The sul fur content of the
i qui

hydrotreate sl'Tp stream and di esel fuel product streamis about 10
wppm or Iessdd|003§!A Eioconponent streamincluding fatty acid nethyl
esters (FA n I¥s a bi oconponent feedstock. The bi oconponent
stream has a0083fYy g€ d@themf orfte@Relt thd thvdhi¥én BRthcRRe BXPRGHSE oftKEr 0gen
consunption of about 1500 scf/bbl (about 250 Nn8/nm8). A blend of the

hydr ot r eat edollovgig anbodingensst r eam t he FAME bi oconponent stream and the

recycled pr Wt] fr %ﬁoﬁﬁn&? pt JA%JeQM)%'fH ﬂ%lﬁg 1 &% Rlet fﬁ"é&uct, comprising:
contacting a mineral feedstock having a sulfur content of at least about 500 wppm with
a hydrotreating catalyst under effective hydrotreating conditions in a hydrotreatment
reactor that includes a continuous gas phase to make a hydrotreated effluent; separating
the hydrotreated effluent into at least a first diesel boiling range product, a hydrotreated
liquid slip stream, and a gas phase product, the diesel boiling range product and the
hydrotreated liquid slip stream having a sulfur content of about 50 wppm or less;
mixing the hydrotreated liquid slip stream with a recycled product stream, and a
biocomponent feed having an oxygen content of at least about 8 wt%, to form a mixed
input stream; deoxygenating the mixed input stream under effective deoxygenation
conditions in a deoxygenation stage having a continuous liquid phase environment to
form a second diesel boiling range product and the recycled product stream, the mixed
input stream having a first hydrogen need in the deoxygenation; and adjusting a ratio of
the hydrotreated liquid slip stream and the biocomponent feed in the mixed input
stream while maintaining a second hydrogen need of the mixed input stream in the
deoxygenation to within about 5% of the first hydrogen need.
[0087] Embodiment 2. A method for making a diesel fuel product, comprising:
contacting a mineral feedstock having a sulfur content of at least about 500 wppm with
a hydrotreating catalyst under effective hydrotreating conditions in a hydrotreatment
reactor that includes a continuous gas phase to make a hydrotreated effluent; separating

the hydrotreated effluent to form a hydrotreated liquid effluent and a gas phase eftluent



WD 2012/ 012091PCT/ US2011/ 041769 33 conbi ned with a nmake-up hydrogen stream
and are mxed in a static m xer to dissolve hydrogen in the liquid to

appr oxi mewel2g12itieodgol ubility Iimt. [0098] The (physi cal pgTAisRo1chetThEal | y)
hydr ogen-saturated i nput streamthen 3nters a deoxygenation reactor with
catal yst beds in a continuous |iquid phase environnment. The deoxygenati on
catalyst is a Ni M catalyst on an alum na support. The (physically not

chem cal |l y) hydrogen-saturated i nput streamis deoxygenated under effective
deoxygenati on conditions. The hydrogen consunption in the stage, based on
the total input into the stage, is about 220 scf/bbl (about 37 NnB/nB).

Thi's is | owesnthilmd H,9endBE PadsPle thd16/dFR0alod RGOIPERERtintb 8 €kt sépdeatd 0 t he
m ni mal hydrogen consunption for the hydrotreated |iquid sI| stream and

the recycl edolﬁmsaﬁefhvgleﬂéepnw%m sEppeadErripg tha et lgpirddent inn t he

reactor, stRaNE sefarf@tdibab tyfodRaxyaenad fiblk adiGt] RiMgWlbdrawn, at three
separate downstream | ocati ons. Hydrogen is di'ssol ved in these streans,

e.qg., each gol apysreaiegiignig shmarcay tklsﬂlghtteydq fragtion beipgipaserd i8Ry si cal | y not

chem cal I'y) -OMA6RISNMS BF HE al:v%d%[l%@ﬁﬁm%ﬁﬁ)pbp Me%’éé&%@ﬂ#ﬁg%ﬁgb BicAudihe
reactor. The resulting diesel boiling range product er ‘separation

and/ or st ri ppd thg hydraeageddighfdptip soramelvingfa sulferseonisairpf aboti S0 1OPRWYEPM and an
oxygen cont ‘PJQIE ng&m%%%%gmﬁ@at%? id Stip%dm Wﬁ%@%ﬁb@d oﬁugfsgan ge’g‘i eat ed

l'iquid, recycle oco onent en C romthe
ratio of abbumoﬁp@wmﬂbaﬂavmamnoxnﬁna@uuﬂOQMﬁmnSwﬁ%eoﬁ@nahnﬁbeﬁmuhto t he

reactor 1 SPBNONLIBLSL K, PhERENI Ty ARalBhlicAirl I ABRLOK R © ratio of

fresh bloconponén need (the other two
streans). Thmmhn¢he1myﬂxngmmxm@mgahpmupﬂamﬂmumhhmndpmheéﬂ@mmﬁmmoothe st age
remai ns at about , 220 s t({gﬁ é gg Red %g%.thg unt of the

hydr ot r eat e 1F1qﬁmﬁ“§F?% 5 P%lﬁ$?% 'g é%mfﬁ%n% AEenGio19i™8el fuel product
directly geﬂeﬁ@gedmﬁmqmnkﬂhwhmﬂﬂe&aEﬁdgﬁﬂﬂmﬂﬁﬂﬂh@iamﬂmﬁm@eoimugas oi |

[ 00100] Wil e the sent inve s been described and.il ] ustrated by
oferenco t S pRERLEPRECRBb G HE S S Bt SPUF RSP YTERS FEMKRAL he - art

W || appr eciwati@oluf@tstrippér; hitveiipindthé @vel$ednhseliduill offvaritii@thic 9®nMOt
necessarily illustrated herein. For this reason, then, reference should be

made sol el y StR3rAhlupneferaya sacardkieht sids fartinssasccard diesebbaing TARESt he t r ue
scope of thgrfauasantihd RYRMd P&tuct R ARL{RIR0hPLEL HadhbeRd I8

into the common volume of the divided wall column stripper.

[0088] Embodiment 3. The method of embodiment 1 or embodiment 2, wherein
the effective deoxygenation conditions include a temperature from about 260°C to
about 425°C, an LHSV from about 0.1 hr”' to about 10.0 hr™', and a total pressure from
about 300 psig (about 2.1 MPag) to about 1500 psig (about 10.3 MPag).

[0089] Embodiment 4. The method of any one of the previous embodiments,
wherein the effective hydrotreating conditions include a temperature from about S00°F
(about 260°C) to about 800°F (about 427°C), a total pressure from about 200 psig
(about 1.4 MPag) to about 3000 psig (about 20.7 MPag), an LHSV from about 0.2 hr’
to about 15 hr', and a hydrogen treat gas rate from about 500 scf/bbl (about 85
Nm®/m®) to about 10000 scf/bbl (about 1700 Nm*/m”).

[0090] Embodiment 5. The method of any one of the previous embodiments,
wherein the deoxygenating comprises: removing a portion of the mixed input stream

from the deoxygenation stage; dissolving hydrogen in the removed portion; and passing



34 CLAIMS: 1. A nethod for making a diesel fuel product, conprising:
contacting a mneral feedstock having a sulfur content of at |east about
500 wppmwOt2h12z201bopdr ot r eat i ng cat al yst under effective Rgdstoieati7ng
conditions in a hydrotreatnent reacto¥ that includes a continuous gas phase
to make a hydrotreated effluent; separating the hydrotreated effluent into
at least a first diesel boiling range product, a hydrotreated liquid slip
stream and a gas phase product, the diesel boiling range product and the
hydrotreated liquid slip stream having a sul fur content of about 50 wppm or
| ess; m xi ng the hydrotreated liquid slip streamw th a recycled

product streafemend partidh C6ARAMRENE difs8REd haldddd badk igMYBEdokRRhADh Of at
| east about 8 W% to forma m xed input stream deoxygenating t he
m xed i nput S6€%eam under effective deoxygenation conditions in a

deoxygenat i ggygayage ﬂ?@d@dﬁ&n@ﬁcf’ﬁgﬁl&%’&@falnkgh@ & ROFSEoRWIHAMBRRL to forma
second di esel boiling range product and the recycl ed product stream the

m xed i nput fgtheeeammiging Wégselving hydrogapdato dearmmredlpitrstredie pdedrygenat i on; and
adjusting a ' : ed liquid slip stream and the

bi ocorrponent&%g%aﬁlfrl\g %Egu%)ﬂgﬁ Ftﬁ%hnt stream whi |l e mai ntai ning a second
hydr ogen ned¢@D92f t heé&Entodatkni ApTlibe mtthehof dmbotinende ovtygéntat koourttof Wi t hi n

about 5% of tﬁﬁ}e fnic{iStl h&/ltljl{ otgen.ng%g. t%f aA net holg ftor rrraki n 1ahldi esel fuel
product, cofpogqngsolved mtotHemixed fntut sticaincalpsppiqs (@ R GIRE XSG a sul fur
content of abdlubiigdimiadtiyidrdaOOinviipimixed inpusstieydr ot r eat i ng cat al yst under

effective h reating conditions in a hydrotyreatnent reactor that

i ncl udes a e e dnaghs Sha aethetked 245 RYRHIhs AT BN W irsats;
separating tinerelyidé Rfdr&th @6ns@hblisteRtatil OtofaQbid) Bov Y Bk HEAY Bshalibiidgd ef f | uent
and a gas phase effluent containi.ng H25 and Hz; passi ng the

hydr ot r eat ed PP seftol (abptt 42N /1|8)PF st separate vol ume of a divided wal
col um stri P4y Embodiment 9. The method of any one of the previous embodiments,

wherein the oxygen content of the deoxygenated feed is about 1 wt% or less.
[0095] Embodiment 10. The method of any one of the previous embodiments,
further comprising combining the first diesel boiling range product and the second

diesel boiling range product to form a combined diesel product.

Example

[0096] The following is a prophetic example. An atmospheric gas oil is selected
as a mineral feedstock. The feedstock has a boiling range between about 175°C and
about 425°C. The sulfur content of the feed is about 4000 wppm. The feed is
hydrotreated in a trickle-bed reactor (with reactor beds having a continuous gas-phase
environment) under effective hydrotreating conditions. The catalyst includes nickel
and molybdenum on an alumina support. The hydrotreated eftfluent is then separated
into a diesel fuel product stream, a gas-phase stream for recapture of recycled
hydrogen, and a hydrotreated liquid slip stream. The sulfur content of the hydrotreated
liquid slip stream and diesel fuel product stream is about 10 wppm or less.

[0097] A biocomponent stream including fatty acid methyl esters (FAME) is
selected as a biocomponent feedstock. The biocomponent stream has an oxygen
content of about 10 wt%, and an expected hydrogen consumption of about 1500 scf/bbl
(about 250 Nm’/m’). A blend of the hydrotreated liquid slip stream, the FAME

biocomponent stream, and the recycled product from the continuous-liquid reactor are



WO 2012/ 012091PCT/ US2011/ 041769 35 stripping the hydrotreated |liquid
effluent in the first separate volune to forma light ends fraction, a

di esel bowbi2op/ma0vge product, and a hydrotreated |iqui dPsTigs2&itineerny t he
i ght ends fraction being passed into3a comon vol une of the divided wall
colum stripper, the diesel boiling range product and the hydrotreated
liquid slip stream having a sul fur content of about 50 wppm or | ess;

m xing the hydrotreated liquid slip streamwith a recycled product stream
and a bi oconponent feed having an oxygen content of about 8 wt% to forma
m xed i nput stream deoxygenating the m xed i nput stream under

ef fective deemyigenaith ®haROMshidrORE sirdinfardeexyiged af 4 Qaticshiaglo ARYINMY a
continuous |iquid phase environnment to form a_deoxygenated effl uent;
separ ati ng tHEOFEIR Jydivaidde aurprimanty thostwilify im¥eoxygenat ed 1iquid ef f | uent

and a Secongmlwi%z uiphalsh% f(@fygilc&lﬁ{ﬁot CiRti @D} R §geR-sAB P put stream tR@SSI NG the

deoxygenat e d effluent “into a seCorid separate vol unme of a divided

wal | col urmm eefeisiaslsexygenatign reactor with eqtgpit hefdstihe colsionguydiqatdediadei qui d ef f | uent
in the secongd .sgpatatg L o WP eissink jon, a
second diesgﬁwgbﬁﬁﬁhg ?gﬁggg%?oﬂh%ﬁ,ﬂ%%§§$ﬁgn%g';c@%1 pr&u%ﬁﬁéﬁreanl t he
second | i ghtThefrdgsitallxapi dembaiindiydegseshtirpted inphiestrwamodroxyicuated widet he

di vi ded wal | - i.pper. ... al cl.ai , Wherein
the effeoti Saas R IbabRBr ongiidy {108 AR BRC g Bk AR bRLENE, Ot
260C t 0 aboulte td@E@putanio tHdSWgt,ripahoab2tscbbl (dhout3 7(Nm HpYuThikGs Bwhi ', and a

total pressure fro bout 300 psi out, 2.1 MPa 0,about 1500 psig
(about 10 3 okt 0% P Bira Rt RBhsp AR byt ot e 5T BRELS o7 ar e

wher ei n t he cefstimptionviar thy dy &b re@aid liygidotip diréanoaisl thewebyotte produengnesat ure from
about 500F (about Z@gca.f&ﬁgb ut 80%% about 427(?, a tatal ressure from
about 200 psPd"(EBOUE ¥4 &%}’getndn JEACOBOHE PSP aBb dto B8 R Pag) , an
LHSV from apgdtctQredwiitidrdwit & tabosthard® doivnstreamdoctibinsd gRZet s@akolgas rate
from about 500 scf/bbl (about 85 NnB/nB) to about 10000 scf/bbl (about 1700
N8/ mB) . 51N R SHEA Mol SoPACA g 2RPFIGHCH Hhe sohdility tigitcingithr(Phydraleret t he
deoxygenat i BEereAIRY hy@Ssen-sNEHRQLAL MR WRCTILSBRIIAQ 476 or. The

resulting diesel boiling range product, after separation and/or stripping, has a sulfur
content of less than about 10 wppm and an oxygen content of less than about 1 wt%.
[0099] The mix of hydrotreated liquid, recycled product, and biocomponent feed
is then changed from the ratio of about 3:3:1 to a ratio of about 2:4:1. The total flow
into the reactor is approximately preserved, as well as the approximate ratio of fresh
biocomponent feed to feed with a minimal hydrogen need (the other two streams).
Thus, the hydrogen consumption for the total flow into the stage remains at about 220
scf/bbl (37 Nm’/m’). Reducing the amount of the hydrotreated liquid slip stream
increases the amount of diesel fuel product directly generated from the hydrotreatment

of the atmospheric gas oil.

[00100] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will appreciate
that the invention lends itself to variations not necessarily illustrated herein. For this
reason, then, reference should be made solely to the appended claims for purposes of

determining the true scope of the present invention.



36 renoving a portion of the m xed input streamfromthe deoxygenation
stage; dissolving hydrogen in the renoved portion; and passi ng the
renoved pwotowrnieaemt ai ni ng t he di ssol ved hydrogen back PoT@S218/041769
deoxygenati on stage. 6. The nethod o any one of the previous clains,
further conprising dissolving hydrogen into the m xed input streamoprior to
deoxygenating the m xed input stream 7. The nmethod of claim®6, wherein

t he amount of hydrogen di ssolved into the m xed i nput stream corresponds to
approximately the solubility Iimt of hydrogen in the m xed input stream

8. The method of any one of the previous clains, wherein the hydrogen
consunptiongormist ve to a total flow into the deoxygenation stage is about
250 scf/bbl (about 42 NnB/nB) or less. 9. The nethod of any one of the

previ ous clqlns,AMggﬁ&@ﬁhﬁ@ﬁn§gg@ pggpg£gﬁgcg&ghg§ .deoxygenated feed is

about 1 wt% or |ess 't he previous clains,
further conpri si eaptastingd mingepl fdfpéstcqurhgt/mgrae@,lélr chgeitiohgt leashabeuiptdfduct and t he

second di esgl Rl 1Y df AR PRRNNEndbOork QD B R ASEnlliGRS) o Pr 0duct .

hydrotreatment reactor that includes a continuous gas phase to make a hydrotreated
effluent;

separating the hydrotreated effluent into at least a first diesel boiling range
product, a hydrotreated liquid slip stream, and a gas phase product, the diesel boiling
range product and the hydrotreated liquid slip stream having a sulfur content of about
50 wppm or less;

mixing the hydrotreated liquid slip stream with a recycled product stream, and a
biocomponent feed having an oxygen content of at least about 8 wt%, to form a mixed
input stream;

deoxygenating the mixed input stream under effective deoxygenation conditions
in a deoxygenation stage having a continuous liquid phase environment to form a
second diesel boiling range product and the recycled product stream, the mixed input
stream having a first hydrogen need in the deoxygenation; and

adjusting a ratio of the hydrotreated liquid slip stream and the biocomponent
feed in the mixed input stream while maintaining a second hydrogen need of the mixed

input stream in the deoxygenation to within about 5% of the first hydrogen need.

2. A method for making a diesel fuel product, comprising:

contacting a mineral feedstock having a sulfur content of at least about 500
wppm with a hydrotreating catalyst under effective hydrotreating conditions in a
hydrotreatment reactor that includes a continuous gas phase to make a hydrotreated
effluent;

separating the hydrotreated effluent to form a hydrotreated liquid effluent and a
gas phase effluent containing H»S and Ho;

passing the hydrotreated liquid effluent into a first separate volume of a divided

wall column stripper;



WO 2012/012091 PCT/US2011/041769
35

stripping the hydrotreated liquid effluent in the first separate volume to form a
light ends fraction, a diesel boiling range product, and a hydrotreated liquid slip stream,
the light ends fraction being passed into a common volume of the divided wall column
stripper, the diesel boiling range product and the hydrotreated liquid slip stream having
a sulfur content of about 50 wppm or less;

mixing the hydrotreated liquid slip stream with a recycled product stream, and a
biocomponent feed having an oxygen content of about 8 wt%, to form a mixed input
stream;

deoxygenating the mixed input stream under effective deoxygenation conditions
in a deoxygenation stage having a continuous liquid phase environment to form a
deoxygenated effluent; separating the deoxygenated effluent to form a deoxygenated
liquid effluent and a second gas phase effluent containing CO, and CO;

passing the deoxygenated liquid effluent into a second separate volume of a
divided wall column stripper; and

stripping the deoxygenated liquid effluent in the second separate volume to
form a second light ends fraction, a second diesel boiling range product, and the
recycled product stream, the second light ends fraction being passed into the common

volume of the divided wall column stripper.

3. The method of claim 1 or claim 2, wherein the effective deoxygenation
conditions include a temperature from about 260°C to about 425°C, an LHSV from
about 0.1 hr™! to about 10.0 hr™', and a total pressure from about 300 psig (about 2.1
MPag) to about 1500 psig (about 10.3 MPag).

4. The method of any one of the previous claims, wherein the effective
hydrotreating conditions include a temperature from about S00°F (about 260°C) to
about 800°F (about 427°C), a total pressure from about 200 psig (about 1.4 MPag) to
about 3000 psig (about 20.7 MPag), an LHSV from about 0.2 hr'' to about 15 hr', and
a hydrogen treat gas rate from about 500 scf/bbl (about 85 Nm®/m’) to about 10000
scf/bbl (about 1700 Nm®/m”).

5. The method of any one of the previous claims, wherein the deoxygenating

comprises:
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removing a portion of the mixed input stream from the deoxygenation stage;
dissolving hydrogen in the removed portion; and
passing the removed portion containing the dissolved hydrogen back into the

deoxygenation stage.

6. The method of any one of the previous claims, further comprising dissolving

hydrogen into the mixed input stream prior to deoxygenating the mixed input stream.

7. The method of claim 6, wherein the amount of hydrogen dissolved into the
mixed input stream corresponds to approximately the solubility limit of hydrogen in the

mixed input stream.

8. The method of any one of the previous claims, wherein the hydrogen
consumption relative to a total flow into the deoxygenation stage is about 250 scf/bbl

(about 42 Nm*/m’) or less.

9. The method of any one of the previous claims, wherein the oxygen content of

the deoxygenated feed is about 1 wt% or less.

10. The method of any one of the previous claims, further comprising combining
the first diesel boiling range product and the second diesel boiling range product to

form a combined diesel product.



