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OF THE I NVENTION [0001] The invention is related to hydroprocessi ng of
feeds, swab2ap/fiesds having a bi oconponent source, to fecmus2ailegese f uel
product. BACKGROUND OF THE | NVENTI ON [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 includejvegetable fats or oils, aninmal 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
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[ 0003] Unfortunately, processing of bioconponent materials in conventional
hydr opr ocessi ng equi pnment can be é&%@%@@ggﬁfronla refinery perspective. In
particular, published literature reports of hydrogen consunption of
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t he excesAtwdROUBID UB eHENVENTIORSSI ng t he bi oconponent feed.

[0002] A variety of potential biological sources exist that can provide hydrocarbon

molecules with chain lengths that are roughly appropriate for conversion into a diesel fuel.
These biological sources can include vegetable fats or oils, animal fats or oils (including fish
oils), or even fats or oils derived from algae. Based on regulatory activity by various
governments, fuels derived from such biocomponent sources are likely to be increasingly
important in the future.

[0003] Unfortunately, processing of biocomponent materials 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.

[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.

[0005] U.S. Published Patent Application No. 2009/0095653 describes a
hydroisomerization process. The hydroisomerization is performed in a reactor that has a

substantially continuous liquid phase. An excess of hydrogen gas can be present beyond the



[ 0004] I nternational Publication No. WO 2010/ 002903 describes a multi-stages
hydr opr ocessi ng process and apparatus. In the process, a fresh feed is
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[ 0007] One aspect of the invention relates to a nethod for making a diesel
fuel prodySiMARY OF THE INVENTION

[0007] One aspect of the invention relates to a method for making a diesel fuel product,
comprising: contacting a feedstock with a hydrotreating catalyst in a plurality of
hydrotreating stages under effective hydrotreating conditions, each hydrotreating stage
having a continuous gas phase environment, at least a portion of the feedstock being
comprised of a biocomponent feed, the feedstock having an oxygen content of at least about 1
wt% and a sulfur content of at least about 500 wppm, the feedstock having a first
stoichiometric hydrogen need for said hydrotreating; mixing the feedstock, prior to or during
contact with at least one additional hydrotreating stage, with a recycled product stream into
which hydrogen is at least partially dissolved, the at least one additional hydrotreating stage
being downstream from at least one of the plurality of hydrotreating stages; mixing the
effluent from the plurality of hydrotreating stages with a second recycled product stream into
which hydrogen is at least partially dissolved; separating the eftfluent from the plurality of
hydrotreating stages into a gas phase effluent portion and a liquid phase effluent portion; and
contacting the liquid phase effluent portion with a catalyst in a hydroprocessing stage having
a continuous liquid phase environment under effective hydroprocessing conditions to form a
diesel fuel product, the liquid phase effluent portion having a second stoichiometric hydrogen
need for said hydroprocessing stage, the diesel fuel product being substantially deoxygenated

and having a sulfur content of about 100 wppm or less, wherein the total treat gas rate of



conprising: contacting a feedstock with a hydrotreating catalyst in a
plurality of hydrotreating stages under effective hydrotreating conditions,
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itions to forma
DESCRIPFION O :

[0011] FIG. 3 schematically depicts a portion of a reaction system according to an
alternative embodiment of the invention.
[0012] FIG. 4 schematically depicts an alternative reaction system suitable for

performing an embodiment of the invention.



[0011]FIG 3 schematically depicts a portion of a reaction system according
to an alternative enbodi nent of the invention. [0012]FIG 4 schematically
depi ct s awoabt2arpesPi ve reacti on system suitabl e for per POTAISAY 1411756

enbodi ment of the invention. 4 DETAILED DESCRI PTI ON OF THE EMBODI MENTS
Overview [0013]In various enbodi ments, a system and nethod are provided
for producing a diesel fuel froma feedstock that is at |east partially

bi oconponent in origin. The system apd nethod can provide reduced hydrogen
consunption during hydrotreatnment of the feed. If desired, the system and
met hod can operate at hydrogen treat gas rates near the overall hydrogen
consunpt iBETATRER, DRSURKIRTERN OBVRIEENBeDIeEd TS0 recycl e hydrogen, thus
reduci ng and/or elimnating the need to renove CO and/or CO2 from gas phase
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desired, the system and method can operate at hydrogen treat gas rates near the overall
hydrogen consumption rate, which can avoid the need to recycle hydrogen, thus reducing
and/or eliminating the need to remove CO and/or CO, from gas phase effluent produced by
the reaction. Additionally or alternately, the system and method can allow for integration
into a single reactor of a dewaxing and/or aromatic saturation stage while reducing and/or
minimizing any poisoning of the dewaxing and/or aromatic saturation catalyst.

[0014] Additionally or alternately, a system can be provided that includes multiple
catalyst beds or stages, optionally within a single reactor, which can be operated so that the
one or more beds are in a continuous gas phase environment. This is the typical situation, for
example, in a trickle bed reactor. However, it can be preferred for the reactor to be operated
so that at least the final bed/stage is in a continuous liquid phase environment, e.g., which can
be accomplished by exhausting excess gas from the reactor prior to the final bed.

[0015] Further additionally or alternately, a method can be used that provides at least
one advantage for processing a feedstock at least partially derived from a biocomponent
source. For a typical biocomponent feed, a full hydrodeoxygenation plus full saturation
(hydrogenation) of all olefins can require well over 1000 scf/bbl (170 Nm*/m®) of hydrogen.
However, the hydrogen required to deoxygenate a feed can be reduced by performing the
deoxygenation with reduced amounts of hydrogen, e.g., by using a low overall gas treat rate
and/or by introducing a portion of the hydrogen at one or more intermediate locations in the
reactor.

[0016] Still further additionally or alternately, another set of advantages can be related
to the handling of CO and CO,. CO and CO, are generally produced during deoxygenation
of a biocomponent feed. In embodiments involving exhausting the gas to form a continuous
liquid phase environment for the final reaction bed, the final catalyst bed can include a Group
VIII noble metal (e.g., Pd- and/or Pt- containing) catalyst or another catalyst susceptible to

CO and/or CO, poisoning. Because CO and CO, have relatively low solubilities in most



catal yst beds or stages, optionally within a single reactor, which can be
operated so that the one or nore beds are in a continuous gas phase
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addi tional'ly or a ternate system an d can provi
continuous liquid phase env1ronment Addltlonally or alternately, the exhaust can allow for a

continuous liquid phase environment with little or no excess gas, which can advantageously
reduce the amount of contaminants, such as CO and/or CO», that could implicate

separation/removal from the product of the final processing stage.

Feedstocks

[0019] In various embodiments of the invention, the feedstock can include feeds from
biocomponent sources, such as vegetable, animal, fish, and/or algae. Generally, these
biological materials include vegetable fats/oils, animal fats/oils, fish oils, pyrolysis oils, and
algae lipids/oils, as well as components of such materials. More specifically, the lipid
material includes one or more type of lipid compounds. Lipid compounds are typically
biological compounds that are insoluble in water, but soluble in nonpolar (or fat) solvents.
Non-limiting examples of such solvents include alcohols, ethers, chloroform, alkyl acetates,

benzene, and combinations thereof.



process flexibility while maintaining catalyst beds in a desired

envi ronnment. For instance, by exhausting gas prior to the final bed,
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phase environnment can be created. As a result, sone or all of the
reactivity benefits of plug-flow operation can be captured for the beds
operated in a continuous gas phase environnent. In such situations, the
amount of gas in the reactor does nof _necessarily need to be constrained to
maintain a level close to the transition for formng a continuous |iquid
phase environment. Additionally or alternately, the exhaust can allow for a
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I nvent | Or}atty acid alkyl esters. Alkyl esters typically include C;-Cs alkyl esters. One or more of
methyl, ethyl, and propyl esters are preferred.
[0024] 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, and
chicken fat. The animal fats can be obtained from any suitable source including restaurants
and meat production facilities.
[0025] Animal fats as referred to herein also include processed animal fat material.
Non-limiting examples of processed animal fat 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] Algae oils or lipids are typically contained in algae in the form of membrane
components, storage products, and metabolites. Certain algal strains, particularly microalgae
such as diatoms and cyanobacteria, contain proportionally high levels of lipids. Algal
sources for the algae oils can contain varying amounts, e.g., from 2 wt% to 40 wt% of lipids,

based on total weight of the biomass itself.



I nclude, but are not limted to rapeseed (canola) oil, soybean oil, coconut

oil, sunflower oil, palmoil, palmkernel oil, peanut oil, linseed oil,

tall oil ,woapre/aei89 castor oil, jatropha oil, jojoba oi PCTAlS2M8/08175¢

fl axseed oil, canelina oil, safflower oil, babassu oil, tallow oil and rice
bran oil. [0023] Vegetable oils as referred to herein can al so incl ude

processed vegetable oil material. Non-limting exanples of processed
vegetable oil material include fatty~acids and fatty acid al kyl esters.

Al kyl esters typically include Cl-05 al kyl esters. One or nore of nethyl,
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t ot al
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.

[0029] 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 can be determined according to
their fatty acid constituents. The fatty acid constituents can be readily determined using Gas
Chromatography (GC) analysis. This analysis involves extracting the fat or oil, saponifying
(hydrolyzing) the fat or oil, preparing an alkyl (e.g., methyl) ester of the saponified fat or oil,
and determining the type of (methyl) ester using GC analysis. In one embodiment, a majority
(i.e., greater than 50%) of the triglyceride present in the lipid material can be comprised of
Cio to Cye fatty acid constituents, based on total triglyceride present in the lipid material.
Further, a triglyceride is a molecule having a structure identical to the reaction product of
glycerol and three fatty acids. Thus, although a triglyceride is described herein as being
comprised of fatty acids, it should be understood that the fatty acid component does not
necessarily contain a carboxylic acid hydrogen. Additionally or alternately, a majority of
triglycerides present in the biocomponent feed can preferably be comprised of Cy, to Cig fatty

acid constituents, based on total triglyceride content. Other types of feed that are derived



[ 0027] Al gal sources for algae oils include, but are not limted to,
unicellular and nulticellular al gae. Exanples of such al gae include a

r hodophytwo 20td/@aeasphyt e, het er okont ophyte, tri bophyte, @gCaMSEhPsEs6

chl orarachni ophyt e, eugl enoi d, haptophyte, cryptononad, dinoflagellum

phyt opl ankton, and the |ike, and conbinations thereof In one enbodi nent,

al gae can be of the classes Chl orophyceae and/ or Haptophyta. Specific
speci es can include, but are not |inkted to, Neochloris ol eoabundans,
Scenedesnus di nor phus, Eugl ena gracilis, Phaeodactylumtricornutum

Pl eurochrysis carterae, Prymesium parvum Tetraselms chui, and

Chl any donpmasiologicilak ttatdrial {dpdBdnid@n eads ttagkackiaRtetsNalchdefand byl ByRMOUNt S
of feedstreans based on, bi oconponent sources. Advant ageously, the feed can
i ncl ude ﬁtetséégtF‘éWﬁnﬁ@ rEAKEY of feed based on a bi oconponent source, for
exanpl e gpgiggast ﬁg&ﬂﬁpogetﬁ b‘é@e%dle@él bbﬁ%%?%@?@é&st&alﬂé 1c§lﬁy llla‘%f@%latﬁr ut 3 wt%
at | east about 5 wt% at |east about about 15 W% or at
| east abdew nmgvuwsutﬁurw@ﬁnténﬁwwmﬂw bl@q@@pp@@ab@a%fea@ﬁ@fﬁ@méml ly or

al ter nat DML 0 i Q@{% xanpl e
about 50%\%)\/%{%1/?21? tf%&lﬁ abomgp%g%ﬁn‘%{:%r lé)lﬁp gggﬁl?qg@ /lﬁtﬁ)%grclaslfélgl[[%bdr3 about
25 wt % orof higrogen 4nd@2 Sl}lﬁtn,eth@prm@tynb@tn@ntont @tmgnqms elrhmconmondmefepdselsent

and 11 co 1ty AR HES Be !l ARG SRy GRRE L5 SBh TR ich i ol 0

al i phati d4tvgt%rmg¢rh@ntenhasi mschi ay abdeil m%rowgemrcenthlayd)rrag nfuclhas ®otiol 036

car bons, eferabl 26 car.bon for om.12 to 22
Co bone” ESEaofeh Wit hBedhohR AR poli Bl 5518 KR iehh O Rk’ o

trigl ycemiydlreseamantb@ndmﬂteiem Red altae 6 wdiongygan comenty fol atdmplaailastcbnsts t uent s.
The fatty acid constituents c determ usin

G omat ot Ay 2ees e s rossBerGemiEhy & FeTHboRY SE PRI Y the fat or
oi I, sapaegidoyttaigedthoadimiuaeianglefih bentéalbf arleai dbouf @Partbngampleat kydt (e. g.,
rreth 1) Eter of the saponlfled fa F or oil, and detgrm ni_ng .t he t ype of
(et hyI) At rviyseragicestabonh Q uie. Thabigrrarone @pen of ths Redsiar i“ie

greater %@@fpréta&ﬁslﬂtydtdi@a&aIoghmqﬁéul@tglynfyaﬁ%ttedn the lipid material can be
corrprlsed of Cioto C26 fatty acid constituents, based on total
triglycedPIpr eslenerious cothedipiopts gf thairentign, thedregsieqk cap addifiepalfrer i de is a
nol ecul e cerol
and thr eeah?‘g%ttg 13 ngcé a%hﬁ%ﬁl))dgﬁ?ﬁo gﬁgﬁmgﬁtéF}g“er;%e?a‘lﬁgﬂ?‘gmg%%ﬂ‘ P%%rgh%r ein as
bei ng corhUdIIOS%UOI@fdelfl‘@tdthDHa@u@hsoﬂ fhat hahoptiodalbebognediesteddelonchatmarhe fatty aci d

t | .
Add 11 onafyrie Y ERERSREL o ROl AR RN E AELE N B0ne
bi oconpornetit nfetteds abthe pwelitenam 'ylcluée p@wmunsfecﬂst@fckﬂﬂoﬂntg@pﬂminfa&tly gp aci d

constitu Pased Q t ot.al t e tent e f eed t hat
are deri \?edds BB BIS “"“aﬁ’l ”r%@v chtseurlt(ajtg S“’%‘F’n%an 'g¢ ‘é‘ienwu 1“3 &%at ty

aci d est éwsrotrsuuahviasn dﬁiltayesacghdqalel«ylls di:ﬁte&lﬂlﬁzeﬂ eﬂngCCEﬁdVEecbmddtmts (EAEE) .

ol at| Vel N OR R POLR: ShLOr Pk ot IFE Toel ot Bt B omponont

based f eeiisillite darttaNarciaddinatio the@ecbOUt 300 wppm ni trogen, for exanple up
to about 100 wppm nitrogen. Instead of nitrogen and/or_sulfur, the primry

het er oat 83 npo ng}ﬂmm?fatﬁ%%rﬁéélﬁefﬁ?dspé]é% ha§e BpHehbolBIERHObHFASt di esel

boi |i ng r.8009 15RC AR kAR at 18asBabouCRIV°E NElHHABLAR 150N @S AR 1704 W % oxygen
content, as nuch as about 12 wt % oxygen content, or as nmuch as about 10 wt %

oxygen cdhleetiabousli ¥ abFerthirgrisehemdnrharpaeird bised phe partigs of Bedsdr eans,

prlor to t | nt ent,
For examy e o e B e PSR Papere

al t er nat é&-g.; claubpaieid rrlfmm@tﬂnmf, @érdéatorleﬂarppmpqaandte dethndgyad utltt;ttmemrmtat can
i ncl ude %101/81' SQj 'of'thtg ] %\nltl &l fﬁh%gﬁt clgls%ﬁqactgl‘?{ed%és%%h gmﬂ#lg | east
wt ut t he

about 5 or at east a I oconponent ortlon (0]
f eedst oclomanmnpavie babrcpranddditishallyhy ditatatdphed,a Tﬁrbqnlutg nomevf gusisty
hydrotr e%% q '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, for example



[0031] I n various enbodi nents of the invention, the feedstock can
additionally or alternately include a m neral hydrocarbon portion. A

m neral hyororbess feedstock refers to hydrocarbons dePCramk261om786 ude oi
that has optionally been subjected to one or nore separation and/ or other
refining processes. Mneral hydrocarbon feedstocks useful according to the
nmet hods of the invention can include petrol eum feedstocks boiling
approximately in the diesel range. Additionally or alternately, suitable
feedstocks can include virgin distillates, hydrotreated virgin distillates,
light cycle oils, denetallized oils, FCC cracked products (e.g., heavy
cracked nsphuh@ld orjl&t, dbu@l42bw bilerg, dbaigr 0t &itleds| @odt 4008C bi 108, adoar osene

boi l'ing range istilhate fraction ﬂnd conbi nat i ons thereo ;0 SZLT
mineral por i gricsrorPhet PElstrdisk Silhiuhraddionliyior altenpsly it ffgf%‘ of at

| east abQuf hahda@9sheflingyaiPdRbadt 44easér IaB oYt cxhBle abalt 40 8asSEr 18R0HU150C,  at
| east about 170C, or at |east about 175C. Further, a feed can be

char act ePP9EdoHas o 75 Heoewt PeROER 9 Keotfleed t hat boils at a tenperature
and/or b 1on (e.qg.,
loud porogy )l For A e Rl S o o PR R AL AR

t enper at ws Eniioganhi oe] hlltﬁ%ﬁofwlttm )faeféd’pwall)l' alprojulfur-gmtpsningveempouhds f eedst ock i s

char act el ged Rased AR DAL LING cBALRS, TRRGEy LRul FSHRLACK: fORuBRYI tional ty

or al ter ave 5 boi I'1 ng poi’'n or exanpl e
at | east calbbfutn tlic?Eo@nof oraanolnem.)gt:n abvgqutinds9 @@ditievaltyre nltaddelyi aaktlay or

al t er nat eI 0r1 t hfthe uglu% e Orz%r\l/efoar Jﬂo?%ur b(())l | ing point of about 455C or
| ess, for" 8 Afﬂ 5&° Ut M8 or 1 ess, about 410C or

| ess, abqum34c}ooc M[nefa@ﬁjﬁdroc&ﬁﬁ;utfeoagtﬁ&im@l’caﬂ @peau}ofavaboiﬂﬁogéiﬁ&ﬁteofoﬂaess Still

further a | t er nat ,. the feedstock can have a T95 boiling
poi nt of T utészv%?b de theftB'PF‘@%ﬁmr}éheaP&lBEft‘ SEEGPN PR ANO 400C o
| ess, abQult typically @ntdieSSgreQér tRAIBbuIAOH0 hitlo8&S badeQ 0B & THE WdigR badhe
feedstock can contai n nitrogen-contai ni ng conpounds (abbrevi ated as

"ni t r ogedingpl hyﬁt%?fé@é??%ﬁ% anyerartddtO%P@atet%straa%a% alse biricetbnbaedi ng

conpounds, (f@RBAEY AhEEastShoud HWof Wipm @, o?tk'ﬁ Qﬁéﬁteﬁﬂ%ﬁl{ @d%ht 300 WpnP&SLa. at
least a mpjority of the nitrogen can in"the formof organonitrogen

conpound §hanmée|titt0i lo\ﬁt&t)t Dasert orpthe qte acceghy ¢ of the minezpd hydogpshaprcomponsht, apdors y| f ur
can be in,f RGichH Bnin 196 %@ﬂ&%&l{ at%ut%OW@H&}G %O%%A\Mgfréﬁér i Ofg&ar bon

f eedstreans "Can typ| cal ave a nitrogen c | east about 5 wppm
based on wthenitregeal, bwedghtheo‘ﬁtalt\hfeghﬁOﬁélpmlnﬁyldwé@awbmﬁ@mq’p@ﬁent and/ or can

typically, t 0, t he

toral wer s AL TRk phAD Kl s A PR AR o

f eedst r eaashavan nakagon tondint &binwbhla\ﬁé v@peub fdbxrut 600 ertm, pfefarhbly éamtabalhtout 100

vvppm(e often r than aho eat er t-han ab 0.1
WO R R I R R AR el

and/ or Cazt’pphytplab@it 11 9OCCwipyinati Furrher gidemhaty <trh&mabkyumnﬁra\h/fééfdsmeﬁmogmablé e.

often no greater than a out 4 % ni t the t ot wei ht of
Chem me A R SR ARt he e Lyl eo Ry 5% SrouLPock it 8 Pout oo nor a
f eedst r ealog06 wpplalofoe efa@ipl L@ bBouv 800 Whisn &EdAGH JVEVD Svppaor lideabautToDr ogen

content from ab m to ut. 6000 prefera om a out 50
wppm t o aBBHt 02 2&89% ?W&ngrﬁgutﬁ%a%\é%%tvﬂ’p 0%3% évb( ‘me rom
about 75 ¥HRNY & ppk ehbokDSDOWERM, o st BEut astﬁwppr@&adﬂom 30O wpparsamtﬁl Y,
m neral feedstreans suitable for use in various enbodi nents can have a

sul fur cdBO¥Mt f rBmcapisuitof g ipiEeach.o Xy BRI Endsdeignan pfpsaytodksFeateddipl e from
about 10%1&{81%%‘1\%9?1319&@ é&o@&@aﬂ‘%ﬁhlﬂf bd Je%ﬂ@@uél O%Q@etét?@&f‘a&e?ag%%%ﬁ 20, 000

wppm prefera roma out 0 wopm't o about from about 200
wppm t o abolmbleoio@faﬁ@qorﬁoroxamnl%mnab@dtfe@%dmmmoorab Qd @280 blgpgnth sul fur.

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, a feedstock containing a blend of a



[ 0035] The content of sulfur, nitrogen, oxygen, and olefins in a feedstock
created by blending two or nore feedstocks can typically be determ ned

usi ng a Wwepght2ad2@ver age based on the bl ended feeds. ForCEmaplm41786 m ner al
feed and a bi oconponent feed can be blended in a ratio of about 80 w %

m neral feed and about 20 wt % 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 resulti{gng bl ended feed could be expected to
have a sul fur content of about 802 wppm In various enbodi nents, a
feedstock containing a blend of a - 10 - bioconponent feed and a m neral
feed can bhrvRpaRnOKYIaR aGhint@Needandfavd zﬁlacsctyg@mmenﬂoﬂa& st bisgut exampl e at

| east about 2 vvt%% at | east gbout 4 wt or | east about 5 wt % [0036]In
sone enbdtfi TP al lops Ak v, %tﬁf@w&e%t W%@p&q%&%@aﬁtmmrecym ing a
portion qpojgle | imubele EhbddGR s, QBRI IRREL Rycld fboﬁ%h‘ec@@ﬁ%dd PORS »
recycling of ‘a portion of the product can assi s¥ mai nt ai ni ng

t enper at @f élecl@mdreéﬁluenhfrqrhélerr@a@&roln sutihembgdiioeitts, sfcyglingddie portieg ptthe can be
from abo océlcttcgnggléqg/thm atn%l? n{g)'eﬂwrgccﬁlftru quatre%})(orVQhé‘ ounTQF anmount  of
product recycle can eas out 20% or at |east a 0% or at

| east abomduslQvsyste caimbe frpm}@b@ltéft@ Piberof the Totel lamgledlucof bypraddeust Theecycl e can
be about % Or, : f % f the

T qai d effouta PRaR B aRP o [ Bhy AR or Rles B BB 168300 s
about 30 0% Gm%lojulctdfﬂudmt theohn&iuhﬂ afendduct@edyele cRebeitont SPO%)Unt Isss, {)103@3@] I n an
enbodi ment, eas rt the C an er the reactor
in a Ioca |A)oor¥ leus’f’js rgé%ﬁp&romlefq’sho %e ! %ﬁ r(lfl)tfrne t:ﬁ%rge gntﬁlmen?iic?c?nh oﬁal ly or
al t er nat elf prodact paytle druboiit 3t0he7¢n3roco;ﬁthetl1qmdeyﬂlieet can be m xed with the fresh
feed, and the m xture can be introduced into the reactor. One or nore

addi ti on@mPrRAUsI Inp@sYCl € streans can enter the reactor at the sane or
other |ocations. For exanple, a product recycle streamcan enter the

react or dﬁ%?ﬂr]eam I@fané@bwl@amtaatmt Fregtiarof shegpyeduct ssepletan gpteethpsdrteent, if a

react or feayn d oduct

recycl e glggf ent ?&%}pngiir?rggl%f%{ hﬁ?‘?{rgéf%%%tggﬁge‘%ddl Q%?&ﬂcﬁ ti o%p% portions
coul d entpertiopet theerodaelgteypkican bf mbxed svitheéhegfresh fstlyved thegaishirpennibeof

conti nuoy ro%a(?edqgt%%l?e 1%?0@&/ %)tn Qrel%&e dHlElEltfh?ﬁroﬁgglré 91@ ré C&% ?Htl}r%ﬂ@at ely,

addi ti onal portions recy c duct “caR be i n uced between sone, but
not all, ren‘ctdr Iatathesmwl qwthebbdanoos &tragmsple Iarpr@imbudcwbmtrsam/nm@u@m or nore
bor 1 0n SRS (L ESH Sl Ty hLESIE ) LI oL SRELGL, SRRl the

t he produethl dfé@y@ht@lyﬁtlbad@ a @aifiioh afllﬁ‘oauodl‘eftf’ﬂé anild éﬂt@Wpsrtaahm ofall ofthabi nati ons

of sone sim dlff ent flowrates c For .exanpl e, the
o oduer Pty e LaGuR 2RTisht ory Tl Fl e b RS g frsb ticeh SHUBER b st age
can have oacéﬂtﬁaséusfgh@phaﬁaﬁeasmgdsg Hi@er RIFRIoNAINGr RI@AALELY, ddaRied] §oftlodys can

have a second flow rate diff fromthe first flowr
%recycle product can bedlntrod(?lce({| between some,%ut not afl of the cata?yst beds or stages.

In embodiments where one or more portions of product recycle are introduced into the
reactor, each of the product recycle flows can have approximately the same flow rate, each of
the product recycle flows can have a different flow rate, or combinations of some similar and
some different flow rates can be used. For example, the product recycle flow entering the
reactor prior to the first reaction stage can have a first flow rate while the remaining product
recycle flows can have a second flow rate different from the first flow rate.

[0038] Hydrogen can be introduced into the reactor in several manners. One option for
introducing hydrogen can be as part of one or more gas phase hydrogen input flows. A gas
phase hydrogen input flow can optionally include an inert diluent, such as nitrogen. When

the hydrogen input is not approximately pure (~100%), the hydrogen content of the gas phase



[ 0038] Hydrogen can be introduced into the reactor in several nmanners. One
option for introducing hydrogen can be as part of one or nore gas phase
hydr ogen wopot2/fikases. A gas phase hydrogen input fl ow c&aTapteiomal 7ty
include an inert diluent, such as nitrogen. Wen the hydrogen input is not
approximately pure (-100%, the hydrogen content of the gas phase hydrogen
i nput flow can be at | east about 25 vol % for exanple at |east about 50
vol % at |east about 70 vol % at |eapt_about 80 vol % or at |east about 90
vol % Additionally or alternately, the hydrogen content of the gas phase
hydrogen i nput flow can be about 100 vol % or |ess, for exanple about 95
vol % or |h§&1$)gerﬁibﬁiﬂﬂo%aﬂ% b 16dst é@aszs airaufor 8Qmpld fddast abaaso vai%nat 70 vol %
or |ess, about 60 v gagless or _about 50 vol % or | ess. is noted that

a suf fi cil&nta am%?mo sBaif BV Peh oB8 ISkl S?OnVOMdérddltﬂen%.%t ain a

conti nUOl&&erﬁ@t@lyPﬂﬂ@ﬁﬁdrB%‘n cbﬁ@nt%@h@é@@ﬁha@@ﬁkﬁi’r&g‘eﬁﬂ%t fldw tdHoelaBa@ti00. I n

enbodi nents where the drogen content of the % phase hydrogen input flow
i s not suPPper et fogéxqm %MW%VO&@W%@@@H gaxo rﬁﬁé‘*ésé'ﬁ()‘ﬂtrggﬂ nf! for the
rel evant |8edsbst78986 of R, RN SV HIRIR LsQOF hcRNS0 Rt &esflas isRaagndrydr ogen
input flow can provide the additional gas needed to maintain the continuous
gas phaseéulisigntaavahel 2a oo3dicadel neadehi order &y maintagy agensnypus pdsdhagdar can be

| ntr oducag fofilay bl @s%%l@a/ct&tl ERRiRAN Rk e B ASA Ry dicogen. gas
ina liquid 1 nput C east partially saturfating the |iquid

i nput fl @wphasmhmisy@eog@nt ﬂcbms ﬂosmfﬂmattltmlgamiasl aeantudup gasiphgsecont ext to

i ndi cate e c turation or
hydrogenaﬁgﬁﬁfw%%%f%k%ggkhﬂﬁﬂﬂwﬁégggi § %§£§QE§I%8$EaC 3%§E%%ghave hydr ogen
at | east hpdmogeraihpy fldivsso e diettiverdditional lgay tdeded tadairttaio Aelcbytinmousadas er nat el y,

t he recych rqg%%} can have hydrogen at |east partially dissolved therein,
per haps VR ‘Gt apﬁrOX|nater the solubility limt (in the context of

sol ubi | i t[yosa‘] gaSAdld‘lndnlaﬂljdblChlteﬁﬁtel;@Bﬁhr@h%hrﬂbe intredueld R&ethe appooki drat el y the
solublllt 4y q§ understood. 1.0 an a concentration

cor r espon Ster‘“E Y&tssqlgagily BENRS IR BTOML £ il est 3R e pUBRY% o at

| east 90%Ofquidi@p®alowbi i kyirddeitut “shRikati@xaRPh@ntif 1A con@Rblo iRB4OT the

sol ubi l'it Ilnlt or to at least 99% of the solubility limt, which can, of

course, PHEYIGHEREaingy withe Federalpede Flisnichsaturpiientor iygrog@rtienpBRbotdYup t o

115% of ttltfbefrc%ﬁ leaeRicd ink Yea'cﬂomén:hapé E}fcﬁ&$ﬁ IaVle&s@p&HQalIyCHl@ngJﬂ et gusRbubi lity
limt, for exanple to up to 5% of the sol li'ty limt), prior to

ent er i ng ad¢igonadlyef pfernaly, tﬂlrﬁerlecmfcnr@%h@m|h9Veblrydsggteleﬁﬁa%éwaytlallww@g% can be
at | east Rk pp%%ﬂa%fsl, diei 50l R)erhzﬂlel?tﬂe sgf'dbﬂii ithy 1nftﬂec&Wnte§tf(;f§51uﬂm{chf ROi nt both

the liquid in ow and' a gas phase hydrogen input flow can be &'ht r oduced
i nto the in Bagd.es usdddowol, the pémb@ohpp@mumtwweolhb@t}dgeﬁ’ shnvldbs undeesteaglact or i n

mul tiple, & e rogen
bt wenn { {?]gl%ié}{n a 9&1&% nér‘éﬁ@ QO%SIJEE&HQ ?of]gstt?%gtcée% 7 é’%ﬁéjﬁ)tlé%ﬂﬂk Vil %Jeﬁ?a#'i}%‘g taPO :
hydr ogen I@aw(ﬁeof th¢ sabchilite dinat foe agxdmplowat icost. 95A dfehensatubilyy limitoefoatti vel y
greater f h en. _can. be introduced strea reaction

Tt ages. WERAPep TSRS ha BE el SN PRUBS R ed bR Bk ons.
As one emawmbﬁmmbmﬁm@gemlHﬁﬂofme&ﬂmﬂh®émnnpﬁﬁﬂmmﬁdnmnbmlw%efmeactor as an

nycr opr ocBUEPhG Y BB W EE R SR LB S PuBEl ca pr oduct

fl ows prir@ictdr.OF @&ehadiyttbnally QeSS RLY, B}'Edﬁi@%n eanbehaveasdpyiﬂfang aisdlesisoh ved
itionally or mtermﬂely

therein at approxi mately the solupility limf¢.
inthis 2595‘?;5‘!5)@} ﬁ%‘é{car’fteF él?’)?gl‘l’émb‘?% ﬂﬁeélq%’%wuéﬁwa BEEPIREIV AREE YPithe sanme
f|0m/ratQkhﬂkﬁb&ﬁﬁ@ﬂﬁﬁghﬂéﬂméﬁﬁﬁnaddltlOna||y or alternately, any

addltlonal hydr ogen needed to reach a desired total treat gas rate can be
i ntroducd %ﬂ@ﬁbﬁ@iﬁ’éﬂtﬁy\@@@d’éﬁogweﬁf theygapior trmylbple fpsatiqns.saripeact | on
stage. methods can be used to divide the hydrogen between the input locations. For instance,

roughly an equal amount of hydrogen can be introduced at each location. Alternately, a
relatively greater amount of hydrogen can be introduced upstream of the reaction stages, with

relatively smaller amounts at the remaining input locations. As one example, hydrogen can



Hydr opr ocessi ng for deoxygenation of a feed [0041]1n conventi onal
hydrotreat ment of a diesel boiling range feed, the ratio of anount of

hydr ogen wel2n12are9t o a reactor versus the flow rate of PChaSt@amd4zan
generally be nmuch greater than the anobunt necessary to replace the hydrogen
consuned by the feed. Typical treat gas ratios involve a hydrogen flow rate
of at least three to four (or nore) tines larger than the needed hydrogen
based on the feed rate. The needed hydrogen can be determi ned based on a
prior experinment using an excess of hydrogen (such as three tines or nore
conpared to the stoichionetric need), or the needed hydrogen can be

det er m ned igfodlh &R0 e rbdtdrlay an £Qn¥E A0 SAthyted rétlySle@¥i0aSS fIDYPIOPRN | S
bel i eved tq be necessarﬁﬁin order to efficiently pr?cess eedst ock.

[0042] 't P ETWEPCETTHE ShghyI Ydrtanss BESEPPPIE IS IEYC ??VHP%{%F é%wwm

processeso bayyfobpdeLsEAR 48 dafhatdfdfde8Rdis@R&d iiRtdiPat apprlotihatdntneef | ect the
w del y var%j?gyst0|ch|onetr|c needs o?_varlous feeds, 1nter alia. The treat
111

gas rati ¢° liniaffiditignaly esdematpdy inrlais srHe: ch rpaledirdyctfiavaginve to t he

total amugitaBfoxiBRdy tRUGR ASwSSE (RPIhe rDILoL: ARD aNTRIABY or SIRMaRXARR) € A
feed with | ess than about 0.5 w % sul fur content and substantially no

ar omat i cgdgionad hydiogenaeedped forgash adesigeddntat treat gasdate catbegptrgdugedt asy gagns  of
scf/bbl, .l =TT Al 2r SURsERM:h@on et i cs content that needed
saturation gogwggreq |r8kﬂﬁ {ﬁ% o#%er oPnsggéral hundr eds of scf/bbl. Thus,
e of p dr ogen trea ratios, by itself, can provide

o 101 deoxveen

a broad rag
rel atively gt rdrig-the question of how the anpunt of
Eygrogen [p04n]i dedintcon n%cgﬁg)fdir&reﬁﬁ%dt &Gaaﬁléﬁél Hoﬂi@traagweadh%E rBPRE| fidc feﬁd' s
ydr ogen consunpti on. )043] 1t is note t oxygen can be renmpved wt
little orMBNRaYEEE CBHERHBRITAT A NeraYs t@%ﬁ%w P iR feRbeRsIS  bahi ch

coul d cr g@lc8 gRteRHah ehdianbuhthetRearn e AR BRIL R disuSedBy Mefdeni tions. In
order to avoid this anbiguity, if the hydrogen need is determ ned

st oi chi onfePichlcEsl g2s ratios Qe 8 dadrosdipw Bl lsed thes t AU (eénarpidinggtount  of

hydr ogen IHQQQ%_ tfl@neededll%/dfo bR IRYE oMY FRUYHE NThdheb R hfy%gerpé/an%e o )
hydrodeo;ggenatlon mechani sm This can be referred t0 as the stoichionetric

hydr odeoxyigeniacd bascchyrek i axirreiant winganfeseds eidokiogar (seduasdlerce tiyeir adgen
needed f(r?]ﬁo&éUA%&%d&SEﬂ%‘é@dichi&ﬁ&%@&%ﬂ) Bﬁﬁ{%@éded 9}&?8%?9 cHPbHiRinflg and ot her

typi cal hydrogen requirenments during hydrotreatnent are also I ncluded in
t he st oi chideatiiclhydeodeoxybs iz xnsshydogeen balawdd to[t@adddssahy ineorder

hydrotrqugﬁﬁ%n&faoggsgﬁmgﬁ&ﬁptive way to deoxygenate a bi oconponent

[0042] It is noted that many general descriptions of hydrotreatment processes have

ropro

broad ranges for the treat gas ratio, which can reflect the widely varying stoichiometric needs
of various feeds, inter alia. The treat gas ratio is typically expressed as the amount of
hydrogen relative to the total amount of feed (such as scf/bbl, NI/I, or Nm*/m’). For example,
a feed with less than about 0.5 wt% sulfur content and substantially no aromatics would have
a hydrogen need on the order of only a few tens of sct/bbl, while a feed with a substantial
aromatics content that needed saturation could require on the order of several hundreds of
scf/bbl. Thus, a broad range of hydrogen treat gas ratios, by itself, can provide relatively
little insight regarding the question of how the amount of hydrogen provided to a specific
feed should relate to that specific feed’s hydrogen consumption.

[0043] It is noted that oxygen can be removed with little or no hydrogen consumption
under some removal mechanisms, which could create an ambiguity in the hydrogen need
under some definitions. In order to avoid this ambiguity, if the hydrogen need is determined

stoichiometrically, the hydrogen need is defined to include the amount of hydrogen needed to



f eedst ock, such feedstocks can tend to have nuch | arger hydrogen
consunption requirenents than simlar boiling range m neral feedstocks. For
exanpl e, wWoeot2o1e@bati vel y hi gh oxygen and ol efi n cont eRCS/USa01biodt66ponent
feed can require about 1500 scf/bbl (about 250 NnB/nB) or nore of hydrogen
in order to both saturate (in this context, chemcally, not physically) and
deoxygenate the feed. Thus, hydroprocessing of one barrel of diesel range
bi oconponent feedstock under conventipnal conditions can often require the
sanme amount of hydrogen as about five to about seven barrels (or nore) of a
typical mneral diesel feed. [0045] Hydroprocessing of bioconponent

f efadS_t oc l‘i&n@@@nﬁlblﬁ}ﬂofleﬂ mflel &Rd aﬂdgy&@mkyg@{&m Ibéféﬁirﬂﬂl_U.CTIﬁS F@;’%&gfely?:cptbes ent at
relatively mni evel s in hydroprocessing o m neral feed. For

exanpl e, aéi%ﬁ?@‘%ﬁitr&hy&f“ﬁo’ﬁigﬁ%%E%?ﬁenﬁé@dfof hicafhtaskc 08 SOHYRdr ogen

envi r onmglirog@dedddl 6 Adull r feBRall Qtrb RARMAbvallolcdin SuBRtiaN bh@bthappid of

oxygen, e. g as water. Since bioconponent feedstreans can typically

i ncl ude Agdiegyheaureaslydurine Wdgtisainsanare alse Bistudgdinghe stejehighetfic as about 12
W % 0XY 968 460§ na®dn BArdME hecS about 10 wt % oxygen content) and/or (prior
to any hydrotreatnent) ‘can typically include at |east about 5 w % oxygen
cont ent ([0@44]exanyhie bytdrétesamenbdobe a8 ciltitv o wyy ordeoxygerait § biogorspansitant i al
anount of Vi t r enat i on.
Some oxy GEaaC PR B (B SN P e BB o o RRTR
and/ or cdhdnemita hoingl eangd mnecd fdedsioake.nbori edemplarup oselativgphighowygn pr obl em
duri ng bi ¢ oRenent, 1 8cesahidy @5 GAThan. IAPKide b ARnsrAbhrngh remved
by typi cal'“ €& LBPEYS” Hised TR ™ Te i'nery qhydrogenoloops. en~a m neral

f eedst oclor nergsfhgésgadinweden® tth @hadte vielthis duingitt, kiyahiodBnndt paadicafj@sandat i o,

t he excess hydr n.can_advant ageously be recycled. This.can sonewhat

e gt o EREEHEh 50 B POLTIORTGHE 9h0F BEEHot et MaE i ameg RN ol ace on
the cost faddstblleurdeoeasamtiand toiditidhe cavatchakjulire the seie Riyi6lim® @eRydréeh he

refinery. Th nonoxi de generated durin si.ng of a bi oconponent

_car bhon g pr.oc

f eed, ho%%gﬂve OHtasﬁ?éenitimﬁ]Bt(‘EnEﬁr?)qu@tﬁ’(chaﬂBm}eéa@?lﬂg%sf%eﬂch excess hydrogen.
- 14 - [Qog4H|One mREHR6E9He SreenPonAYRERARR: GRARRY PRI MdERRnAINGSKIe
operati n%b,at relatively | ower hydrogen partial pressures. This tactic is
bel i eved byprofundi foymelheprpsentakasiatyplyiningral fevpls dtibidpanensesieed @ nigeral _

deoxy gengted okl Bl ded A3 bl RBh Fol AL ASRAN blesd idRI B9 OXYgEN i nt 0
wat er, nore oxygen Is be %eved to be renoved by conpeti'ng pathways, e.g.,
wher e oxygeronmsaies typiesle fedd ssremora obo pubsieitded amaet odsxyegan. lsan adiveler.de.
However, - i WAS) I i y ti os of
hydr ogen Sﬁ&g lg%ogglrgg&t%gt ?%dggésatr%cc% ﬁ’?k 6%? W? ﬁxsr %géélfag a%!(gllt %Lrl lcxf% %tg %é,eﬁ

hydr ot r eabmrentt(e.9f asmiihos ebpohzmtofosrgtstcontkntvs inguchelsabow ¢ witoowydepdr ogen
partial F)c%l%xsergtggn or ar?orltoe a?‘nqr.};[ 8ro?rea(11[rei\1%rr1t g‘asnet? ig‘ﬂgl‘{r%lucpefat Yé@gtgﬁ ut .r\!vt‘%ncr ease in
car bon dioxirde, and/or an’increase I n carbon’nonoXi de, relative to a higher
hydr ogen opggenicahter( &6 sxaneplpatdessoutAi®s dxoah tontar), akibetamndd elhyynt af nor e
detail ed anaé\;ksi S oft q%he cgr bon chaidns in such pr.odugts woul d be believed
to |ikel Y*SHORYBOIHKE - JETERLLC PIPIUTI LY gEOTREIHOT e R TOPEY ©he rel atively
| ow hydr agéifiofdls ot altcripitep BéifetoCaB® cathue dioRidt Afd/cavalon nwhotige. t Tt  ar e

i ncorporated into .the increased armEEts of gar bon oxi des. .

[ 0048] Hy FFGET BRPXEM C3BPO% BIHEYRpBIBITE FUERg DRFOBRANP &Mt FeiPo ow

hydr ogen mabkidals RrasIBUl® ratie@by Bhrhl slbYerb Q3 trs@atinc@asy dicteh opan provi de
several advantages over conventional nethods. Processing at relatively |ow

hydr ogen “pand BN Sedsinck ioupreatArEn e (IREIVBR M YErogen Fetsdsi Tt Gy gen” wi th
reduced RydkoBRIALARSHIREARRoudPbIRSRIdID aHisaRP Y ewiid Ainftic@R @l Burdh a
alternately, by _um@zig arelatively l'ow treat gas ratio, the apparent

hydr ogen relafsliniieh byeiressn e punetinemn plesgeadey, cogl of the nsgeessprior that i ng t he

wat er ga%véilﬂbﬁitty 5 8RR m th&eﬂ@ér%ﬁﬂ\%a%on%%o%& gaﬁra@aaruaﬁhgﬁm_@réﬁgingonver ted

(in an equilibriummanner) 1 nto hydrogen and carbon di oxi de.

equi | i br iofimbigaeapongaiseah hdwever aut mae itmnrcsketlivnli totreqyclgsuch excess
hydrogen.



H20 CO <--> H2 CO2 [0049] Since the water gas shift reaction is generally
an equilibriumprocess, a surplus of one of the conponents can tend to
drive thewpeartiiesst oward consunption of that conponent PCEUsROIAOMYS6t he
equi libriumcan generally favor formation of a conponent present in snall
quantities relative to the other conmponents. Wthout being bound by any
particular theory, it is believed that providing both a relatively | ow
hydrogen partial pressure and a relajjvely low treat gas ratio can create
conditions favorable for formation of hydrogen using the water gas shift
reaction. As hydrogen is formed by the reaction, carbon dioxide can al so be

formed, whedaq Wat@he AARLLRF RAMCIADRRNG ﬁc&ﬁﬁmﬁt%n%ﬁhﬂcﬁﬂk%p&@tﬂ@th%d Thi s can
advant ageousIY 1I ead to reduced levels of car nonoxi de, which can often
Y

be consi deridgly lowgshydragempariiglipaissuress Thitasis inRsisyadde medHy themathyay be

di fficul tyfihd @%ﬁ%oflén@i’@e@mmégi}%%ﬂe&%V@Hﬁkhﬂgghé{nfaﬁ% hfdPb¥ch @&Qﬁ&%m@as Phase
Beds - Hvdrotreating [0050]In various enbodi ments, the Teedstock can

hydr ot reé’ﬁé@nlllﬁo@ﬁtef,d?fl(’fﬁﬁﬂ@emﬁd%eb?‘feééct bmrgmgv@d:womawtgrpaﬂ@%@mgs At Ieast
one (or RARABS :GAERLs Alichd1 dMHRLLABLITRAL cAbAARSEAHBRENKAUI L abl e Type
of hydrotreat ﬁt stage that is in a continuous gas phase environnent, such
as a tri ckdtieodpetd] Iryeia@limplcmela@mly layge ratidsi of dy drngadrtespt gatnieedstaskage can be a
hydrotre t st t is QptLi nuau vi ronment. A
v ot redP i ot S8 el Rl da PuGRR RN Ra e B R S R 01 e

hydr ot r eatlathglyClatvalyy®ger pmrthaﬁn @repsruesemcaad)fo ah;edn’e@@é amond ef wetkf, ag ircwase
hydrotreatlngj (gdltlo(p %desir%ble nu rlof h¥{1}1 ﬁ%{ment stages in
a cont i nubEAPYHLOHHR EAY AR PEvE R CAPLR MPaot IS Gl e d? 2 g e dRETY)

hydr opr ogesii @@ssﬁﬁe@%k&) Adﬂn@na@rﬁrlanmmely 4 GtiicdicRNdd 1naRER B the €@arlon at | east

one, at |east. t a at | east fo 00Q51] A hydr.ot r eat nent
cat al yst ﬁaﬂs BSHgLAr 3%2{8 ‘Y%’iﬁ%‘?eqt?ﬁ?e& b#%uihow @h&%feaﬁegse%ﬁ g6 Pty ol s,

opt i onal lighgBfoRthS RNkl 1o hdRb@Spatfal Sibsuaitag:, (aPbitRnalton SHPRARL: afFat er i al's
can include alumna, sjlica, titania, zirconia, silica-alumna,

conbi nat iRFOEFHe iBEFhe Bereassy appwKs olaroBBKigeT ef ract ory material . Exanpl es
of G oup (4R et ?ﬁfdr&tiﬂeatﬂléﬁ%f«ad&omp%l%&mé%@m{ Pl RO RydrERATRES Of

oup VI Il materla s can i nclude nickel, cobalt, Iron.” One exanpl e
of a hydmospusatidagretetivey o3t tresh gasirpfed wderdvidsreetsd utvantageevieocaaeuiond wt % of
Co and a f upport
(e.q. s%ﬁlﬂlﬁ:ogé ié‘l{olcf%nsﬁ&ﬁ Q[brtg]ild f[lveﬁ)QIOWhép d oge%arﬁﬂ%?e%£&§$n ghng)erS%% h%{%lhlgﬁ,[ her eof ).
Anot her emmlhgo;ofgerawhlychdmedéladmg@ crommmn as deschibedanbowt. ahddstionaliyadr | ncl udes
fa::]g;nofb\?\% t%rﬁl%t g;y%};[ 1(1:O§1n%2a rgfatsl\ﬁel Ma(.)%]l tgeats as r% IE)?th%%ouatéeglhh}v\%%%etrlgor?s%ou%og %O?W\Nt % of M
hydr ot r edtifirghecatiadeysd g. p‘t@nfahhtaﬂmg thk yvfater pastshifereagioatin waicyt watanvend caewal  of
hydrogenatlon activi a. cat al containin as a Gqup VIl
ot o adhisfgE & ophyelig B B Rl it o KRR B eporBo oy D W11
met aI. Addiitibonakvaier @4s shift reddiiah ednyhe vadittdn@ast a portion of one or nore
catal yst beds and/or stages can include an additional type of catalyst,
such as a hydrocracki ng catapysty @ hydeofji ni g, ng catal yst, a dewaxi ng
catal yst, or a conbination thereof

[0049] Since the water gas shift reaction is generally an equilibrium process, a surplus
of one of the components can tend to drive the reaction toward consumption of that
component. Similarly, the equilibrium can generally favor formation of a component present
in small quantities relative to the other components. Without being bound by any particular
theory, it is believed that providing both a relatively low hydrogen partial pressure and a
relatively low treat gas ratio can create conditions favorable for formation of hydrogen using
the water gas shift reaction. As hydrogen is formed by the reaction, carbon dioxide can also
be formed, while water and carbon monoxide can be desirably consumed. This can

advantageously lead to reduced levels of carbon monoxide, which can often be considered



[ 0052] The effective hydrotreating conditions can include one or nore of: a
tenperature of at |east about 260C, for exanple at |east about 300C, a

t enper at We 20f2/apsat - 16 - 425C or |ess, for exanpl e 20001S2¢10001766 | ess
or about 350C or less; a total pressure of at |east about 300 psig (about
2.1 MPag), for exanple at |east about 350 psig (about 2.4 MPag) or at |east
about 400 psig (about 2.8 MPag); a total pressure of about 3000 psig (about
20.7 MPag) or less, for exanple aboui; 1500 psig (about 10.3 MPag) or |ess,
about 800 psig (about 5.5 MPag) or |ess, or about 500 psig (about 3.4 MPag)
or less; a hydrogen partial pressure of at |east about 20 psia (about 140
kPaa), f e@engxanpkearbén heasideab®tthd &cBifidull Rhombyclfén k Ra@dgenabntla@ast about
50 psia (about 350 kPaa), or at |east about 100 psia (about 690 kPaa); a
hydr ogen SB&™i al pressure of about 500 psia (about 3.4 MPaa) or |ess, for
exanpl e about 350 psia (about 2.4 MPaa) or |ess, about 250 psia (about 1.7
MPaa) or Q%Q_uouﬁﬁa&Ph:ﬂmBﬂdB‘:rfé‘fdr@ﬂG‘ahMUt 1.2 I\/Paa) or less; a liquid hourly
space ve y (LHS f t X | east
about 0. 1 ;IH ?/‘)el%tg em%%dlht%%% tggﬁg 0098%11 hy]dfeoalfse%ted% %tg'%h%ﬁ%hr 1 (note
t hat the hbzﬁiSt{eartmgetagestaod/‘bhEa‘smacAt leedt 0ad oy pohariskeectf) oethh hfdrewcagnérner i ng t he

hydrotreating b /st tive e tata nount of catalyst for
e beut Seataf B b 1 RAE0ER b disatRal QoG b Ao RS Phoif DHSY o
about 15 ehvirchnent, kesss aﬁti):lklo&jéalﬂ@bter a(bplitina]l}ﬁ) affiallhydfotle@ssnt saatgo Uin tear-1 or

| ess, ab uﬁ 2.5 hr-l or. | ess, ahout ﬁ orl ess, abouthl hr-1 or |ess,

or about YdWitpyiment siage thatis ind RGP YE q‘tlfi @Htseéﬁg‘r‘}nﬁteﬁt of %t’f“’tteé%‘fﬂl about 300
scf / bbl (sa@@b&n iR N DB thé Bed@xRMTPh Suitiblelhga®ireao ditalgln gefpthbice (about 70
N8/ nB) , B | east about 50 cf/bbl (about 85 NnB/nB), or at |east about
1000 scf /bBY rtaaaaﬁ‘erf%ect %ﬂsfeaelﬁ%fféldftwaf Aredssiehloburbs Phat gas rate

refers tQlyaﬁaﬁ-eattaaalsmgémlatcoﬁttnu s(%;a@gl@cﬁe pvavhales chiPbd ied peAab e findhet her  as
a gas phase flow or as dissolved hydrogen in a liquid flow, in enbodi nents

wher e hy dv&igBiecessing plagaseliie & QonsinueHs L iguidiFaRirgwment, 6€al l6#5t P pHeast @%e it on
system the hxdrRgerad kR@t gas rate includes hydrogen introduced at a

| ocati on downstream of one or nore reaction beds/stages; if hydrogen is
i ntroducd@03d parA hpdromecatthenicatilast camedntdies leasdink w€brougaddB anfiler botal gas

tr et gas FAFAISRRREITYD badGo i PhERASIA SRR 36k alpa e X8 OPT

exanpl e afdwite aﬁmﬁﬁh sititd, tmltﬂma( albc@uta Sb- d‘ﬂn’tﬁllnﬂrﬁt))mbmah(ﬁsshe(r@f,gtr,any otherel ativel y

| ow treat and/ or I at arti al essu

condi ¢ 1 ont iy TeBato ) bl St dronB Y REEART R RN BESTE My scr/ obi
(about 14thgdlef/ E&)nphars df és&up \alblatdter7Bdcan ol lats Inickalb abkilt, Jaao/om&t nBje or | ess,

or about 550 sc about 5 vari

ortbod: me RGP § Roret R SR A s n B do ] R 5T o b essi ve
hydr ogen a6en SIUR to @Botit R0 ke offMosgupﬁtﬁaato)l arsaaasbtel soppcﬁt(a@e silib aRiMaI) 1N

Exanpl e 1 bel oy, the anount %gr og % i.n ydr otreatnment of a

bi oconportéi® pligyalEmia PP §er 95 ' ABothshs t*‘t“thIBf’ YuirjiFainGavai | abl e. By
i nt r oducica@lySial bda PAAIL Lt @t Qlfcluﬁ&efrom abBolit 1 Wit ds agRNS dtoloh i hubehit 4 he
reactor, excessive hydrogen consunption for deoxygenati on can be reduced.

[ 0054] As V& @ RBIHHPR Wi oh Mowr/on W, suppospd eibhiwsiEble BepPPEuM W8S of

hydr ot r e ¥BfinchRL ft Hﬁfrotre‘ﬁ'hﬂéqcartah)%t Ea‘ﬂl{fetcg'ta ined 1‘39&19&? RS bvbpra continuous
| iquid environment. desiTed hydrogen treat e relative to fresh

f eed can hyédroggatien ap@oltséwhtﬁﬁla cptalysirontaming 8y #$8) Gromp VI metap g# 9@@@@1 tof this
exanpl e, actataty/%)tb%ftﬁ i ti?%r?désfaﬁd@lﬁﬁ%mgwcl&d& &t@/u?’as Rrmhn Bl kigy of

about 100 sc N8/ s exanpl e, recycl e product streans
sat ur at ed paition ofipulr @gene carlythdedsmndiodsieged cprindnde an addidhndd éde o€ eatdlyhr oduct

st ream hayi ow rate. Based
on this, %g%lg%ta%%g%ﬁ’ ﬁ%gﬁtaﬁ% gagﬁﬁ}oﬁ%kln%? %%I}Q ée{tﬁgﬁg Cgtﬁgl?té{) 'ative to fresh
feed can cbmbinatticrmderedd by the recycl ed product streans. The renmaining -200
scf/bbl ( t 34 _NnB/nB) . of dr ogen.can be introduced a gas phase

myclr ogen IOERTE £1 B BT e HolEng Fraivty s B St OB pe onal Ly, thi s
gas phasechpet@genat 1ed3tidbolil 190°C dor x@mpRtat REKI et 380°Pad tenPbraturdd tuddut
liquid/gas flowwith the first of the recycled product stream portions.




Transition to Continuous Liquid Phase and Gas Exhaust [0055]After the
final hydrotreatnent stage in a continuous gas phase environnment, gas can
be w t hdrearzofroapesphe reactor to allow for a transiti onPCo/USRE1/041756

hydr opr ocessi ng stage(s) that are in a continuous |iquid phase environnent.
In this transition zone, the liquid treated in the upstream hydrotreat nent
stages can be passed to a downstream stage in a continuous |iquid phase
environnment. The gas can be exhaustefyfromthe reactor, preferably with as
little entrainment of treated Iiquid product as possible. [0056] One option
for withdrawi ng or exhausting the gas fromthe reactor can be to use

react or i4n5er Habs, foﬂe;aﬁﬁalelwm& 490716 Etds @R alu 8B Olor [k A AlipaRsEFOBLatW t hi n
t he reactor. For anpl e, one or &mre strippi n% traﬁs and/or_inert catalyst
e} GHE >

beds can &8t 4PAEY %98@&%&%%%%% t MP3ek (e plieast Peigatpys2 p )

hydr ot r e} BEIBdst #RVE400 IR (§Bdh't PRIMYE oS raaatﬁ@res@ﬂe/opﬁbdunﬁrob pglgt(@doﬁm ped(s) can
create a stripping zone to al owtf% phase portion of the feed to

separ at e MFagPt Iges, for a{ﬁfQPlW%UBB PEIE OufﬂWé Mfag)ﬁﬁi% ab%ﬁ??%y%ﬁa%r i nert
catal yst St%ﬁ'ﬁf@%) of &5, e W%S(E%upgﬂ NPERY %egoméﬁﬁﬁ%ﬁlﬁ%éﬂ% ogxhaust

point. Optionally, an inert bed can additionally or ternately be included
above t hat lepdakiut L& psiz gheutfldp kBaahforsaxpmpletahlsasyabout &f pha taheutddtkPas),

r educi ng/ transition zone
9 ameggt %ﬁggp%{]g‘\%{)ﬁggﬁkPﬁﬁ Jr B8 dst &uog fb()gﬁﬁ'(%u{ Bootitbaa)

on the desire characteristics dr ot reat msnt stages in a
cont i nuolsdrypgen geintéed pressurel@ abows 109 pon(@bont 3.4 MPad oi tesaafprteesalmidﬂmut 31 pl ace of

the bed gl I8tz PRIkLELG8, SH1950 BT HERUNORBLISEILY S [0l Al R

parti al | transirtion zo dup trays,
per f or at éabopt B2 @ﬁ’aam les heliquidihduep bace eaod:myr(LHSNe:ofmﬂ@st aboutcf)olrrltn nfat i ons

t hereof [0057 on (:1 ud one conduits
for exha[? %m%lléaﬂgas ?bogrr(? % e’ ?égasf aboupol’%] 5 orStnS?létl Ié?ol%%lonéll}}?ts can be
influd L&Lﬂﬁmfm@@ttbmaw \teltbcttheftﬂae&eﬂﬁbecbdnt@ngd\eeiydﬂmmnﬁﬁgrbeaﬂ)/s‘tdg@m)t he

bott om of the | rt. bed (or ot t on zone.set of internals) and
o5t £ eamFBit S BeGrIHIT cBpbeie’ bERid obeasRgh C&nmg%gaéﬁb?%mem

Addi ti on&hhyon@rena atneLrHEan ef about 15 h'm ot REsefondkangdl¢ wbhuroehrl or e, abtmed ht 0
isolate th nsition zone, the gne or | et congw ts can be | ocat ed

downst r ed GP%& ¥ R Mo 15T BputHa e K akwaféﬁr et Rsrr 880U def rn oy
cont i NUOUSs: QA dRIZSS Redt BYY Iﬁ@ra)&remaast §H30ERIAL LB v@BuSToN AP Ifok éml@zﬁn be

used as ?‘earste a%((:){[lt04r00 Is?fEb%Ii (Ql%out 78 er%?rg% ra%ﬁelagt%bout%oo scf/bbl (about 85 Nm*/m?), or at
least about 1000 scf/bbl (about 170 Nm*/m’) (note that the hydrogen treat gas rate refers to
the total amount of hydrogen provided to the reactor, whether as a gas phase flow or as
dissolved hydrogen in a liquid flow; in embodiments where hydrogen is introduced at more
than one location in the reaction system, the hydrogen treat gas rate includes hydrogen
introduced at a location downstream of one or more reaction beds/stages; if hydrogen is
introduced as part of a flow that includes a diluent gas, the total gas flow into the reactor will
be correspondingly greater); and a hydrogen treat gas rate of about 10000 sct/bbl (about 1700
Nm’/m’) or less, for example about 5000 scf/bbl (about 850 Nm?/m*) or less (e.g., in
relatively low treat gas rate and/or relatively low hydrogen partial pressure conditions, about
900 scf/bbl (about 150 Nm*/m?) or less, about 800 sci/bbl (about 140 Nm®/m”) or less, about
750 scf/bbl (about 130 Nm*/m?) or less, or about 550 scf/bbl (about 95 Nm*/m’) or less.
[0053] In various embodiments, multiple hydrogen input flows can be used to avoid
excessive hydrogen consumption in the first (each) reaction stage. As shown in Example 1
below, the amount of hydrogen consumed in hydrotreatment of a biocomponent feed can be

influenced by the amount of hydrogen available. By introducing only a portion of the



phase effluent portion and a |iquid phase effluent portion, use of a
stripping gas is optional. If a stripping gas is used, the stripping gas
can be a Woaprgapesgont ai ni ng stream an inert gas streampTwssmeamm ow,
anot her suitable gas flow, or a conbination of gas flows. [0059] The one or
nore exhaust conduits can exit the reactor initially at an upward angle
relative to horizontal, so that gravity can assist in flowng any liquid
out of the conduit toward the continpgpus |iquid phase. Optionally, one or
sonme or each of the exhaust conduits can include a structure to separate
out fluid entrained in the gas flow, e.g., a nesh pad simlar to the pads

used in aygRRMENticanRbf theRastal, excethiwMydioQ8BEhARYptIR $or ddbId;gekaBon aditheCO2
generatedﬁggé{ng hydr ot r eat ment can advant ageously exit the reactor as part
of the eX ed gas. In enbodinents where the hydrogen treat gas rate is

| ess thanpoghqut 1a2ad dxBlc! RS8B4 CRIR BT b REB Bedd SFRydBRARRGRE exhausted
fronlthe transition zone can have a rel atlveﬁ om/conyent of hrdrogen.

Based on catalyst withthefeurh hed\heiwgneenied Htd @ﬁtlmmuhym%g@woammtt Adosl esence of
difficul tdeﬁféﬂtl@&?ogﬁng%tr 2fGOadR tQ@eéH‘fé ERbe b t%@s&/ﬁﬁ'ﬁ(%‘?%ﬁ oy he

reactor can be’us - fuel gas, For anot pur pose that does’ not
require §@pdwavﬁmgmpﬁémhy@mp@enmmmumhéﬂ@khangﬂagagmﬁt6@whhﬁa@mﬁ@ﬁyOf

t am t ted
hat - some eipd RoRERaZNIEOT HIGE Sl L ELRRRT s Bal BRI S or
separatlmmmogﬁﬂﬁﬁbbnmaﬂwmdpnmnbswmhedsmﬂhgnﬂmma&amydwmgméanagcﬁtage in a
cont | nuols i BS Fud N ROTRRL eted DoplL Bl A0SR RbeREA G im e

react or ere I'Fs isin a FiR0o0S I|qU|d
phase en\hlydmgaﬁtetanbuto frcklefebd can k(efmttdtbc&’d&@zﬁh@fecyafkedm@dﬁct s}mahmi Hehef i r st st age

is - 19 - ex [5) the tota ffluent fromthe
eactor  canBe paELehov Rt ETRaRal stk omet e o Slefics 558 ko gi

]E)r essuL e @&pg&ﬁh@ft fdkUstior t&héﬁﬂ?ﬁ;&l{r}@reﬁiﬂsﬁgl@@i @MS&IIP%EIg@@pIQEe the effl uen]E
romthe ui rtlon of the e uen T rtion o

the effl &éﬂrggwﬁglttﬁ@w B8 bppLodred gs %ﬁrtr%&@ela?ﬁf Yguicheag f%wﬁhfﬁeﬁgﬁ pf tﬁa. d phase

enV|ronn&agcbagﬂgu@@n@ﬂpﬁghaﬁnts the separation can be perforned at a
pressure conparable to the pressure in the reactor, e.g., to

reduce/nhqh%k%gng@%rmggﬁ g@ngyggggﬁﬂggg %% yed in t he i quid phase effluent
to the g rnately, a separator drum can

be used 480%b]f i naAfter the final hydrotreatment stage in a continuous gas phase environment, gas
can be withdrawn from the reactor to allow for a transition to the hydroprocessing stage(s)
that are in a continuous liquid phase environment. In this transition zone, the liquid treated in
the upstream hydrotreatment stages can be passed to a downstream stage in a continuous
liquid phase environment. The gas can be exhausted from the reactor, preferably with as
little entrainment of treated liquid product as possible.
[0056] One option for withdrawing or exhausting the gas from the reactor can be to use
reactor internals to set up a separation stage or transition zone within the reactor. For
example, one or more stripping trays and/or inert catalyst beds can be included downstream
from the last continuous gas phase hydrotreatment zone. The stripping tray(s) and/or inert
catalyst bed(s) can create a stripping zone to allow the gas phase portion of the feed to
separate from the liquid phase portion. The stripping tray(s) and/or inert catalyst bed(s) can
advantageously be located downstream from the exhaust point. Optionally, an inert bed can
additionally or alternately be included above the transition zone for exhausting the gas, with
the goal of reducing/minimizing the impact of the fluid dynamics in the transition zone on the

desired plug-flow characteristics of the hydrotreatment stages in a continuous gas phase



hydr opr ocessing stage in a continuous |iquid phase environnent, in which
case the total effluent fromthe gas phase reactor can be passed into the
separ at orworor012089ed of catal yst can be included in thecChatsea@mopyse i on of
the separator drum As the liquid portion of the effluent is separated out,
the liquid can pass through the bed of catal yst and can react using the
hydr ogen dissolved in the liquid effluent. Continuous Liquid Phase Beds -
Cat al yti c Dewaxi ng [0063] After hydroigeatnent in the hydrotreatment stages
t hat have a conti nuous gas phase environnment, the dissolved hydrogen in the
hydrotreated |iquid can be used for an additional hydroprocessing stage
with a cefbirdhuRUs 1hkgHiish ©RMI/6ORMPRRE of GABedlih@ipattlespsth@ddudtinenal
processing st age if to ex€ose the feed to a de ng catalyst under

catal yt i CTRENEXHY BB RatEbie!Tehe Hinsitiop genco m%d’é%"s?ﬁg hdltuyEyst here are

two pri megdforaRapRss, dridthed QM@K RGeS, of @MmipiR¥hdBeBofS0l i d phase, while
the hydrotreated feed can provi de the cont i nuous | i qui d phase. Bubbl es or
ot her smdPPSHegi oH tensigerszonayarneinglyde eperonmera pleicondyitderpshavstig gsphase,

but the PHALS: | Tidnd o f’ﬁ&%%uﬁ&%ﬁ&{@wl e ﬂﬁf&%hﬂ% ARSHRNRREms ur roundi ng
the bed of catalyst particles in the reaction stage having a continuous

| i qui d engdctopareelayel dpwnsigah digs therbaithinnedithasinett hed (podtherprotrensgiondoty a gas

phase in - f the

Peact or el gl BRds et e PRk inE A ol RE, LAPRARRE Wit AR ¢

hydroproeemsumgbunaamquuldamumﬂnmammmneeemmm%dGBMMWEﬂuhammamlaxmess of

hydr ogen 8, Dot W LEAHLEED gt ead A ATBURL Of Ydiogen amaabl e to the

amount nee f BT HEH JAr OprotessSing Teaetion can be suft réient. For

exanpl e, ha@eaﬁahwﬁmmgdemaxmngxmsgme&aweaﬂnmﬁmﬁune from about 25 scf/bbl

(about 4 / nB qurﬂgen to about 500 scf/hbl ggpout 85 NnB/ nB).

However , coﬁ%U}?ﬁ% HHPRI)p I Icpyb %wfﬁ@a%aprmt%en&ee f PFRERINEALH - feed. A

feed thatphﬁb%effnfeﬁtvpombsﬂa&ﬁdlaelqﬂldg)ﬁmmmeﬁtq)o&m @seroegyteté@elg 296¢dpttanl. consume
much | ess, and possibly no i tional hydro en 5] The hydrogen

sol ubi I i 2 $iipRIRE gasis %?e@ JBS SUARPIRG g8 SRl f(@é%%%lkmé éﬁﬁeagb ﬁ’é MSTEPS be from
about 30 sgei lameaﬁlwgm(ﬁhé}l@ﬁéaﬁﬁ)gaxi Hox@bcglétcog‘lggiaﬁﬁlf iR n&apout 34 NnB/ nB),
which applies to the total feed, including any portions of the feed that
have beed0@¥Hvi ouBieynp poversssbhusionduits saueit theresétaiginiiapeypo lupdagdor t i on of
feed wit C val | sing a
fresh feQ8Q£E§Qg%ﬁ$@g%?Haf &’ &??%5% {%?@QH ?Qf@ﬁé%&fgﬂVﬁ% %ﬁ?yplca
hydr ocar howrarfl dedsttowkus Injuid ﬂihasec dmtlonalbu gnd drqulind omals ef thaexhbest celdatts vel y

| ow, which means t.ha cpntlnqousjii@U|d tlons can, advan ageously
can mclude a structure 1o § ]?ar? € gut. tluid’entrain’ ?mt ﬁ gaﬁ; a me %a simi ar

reduce/ mnimze any poten poi soning o ocessi C

demaX|ngﬁodﬁtmﬁysaiﬂm&ob&mUMQl@@mandﬂnmLCCQ generated e.g. by

hydrotr e%bwt OfAny IR ea% CfOe2 egenerated during hydrotreatment can
advantageously exit the reactor as part of the exhausted gas. In embodiments where the
hydrogen treat gas rate is less than about 1.2 times the stoichiometric need, the gas phase
exhausted from the transition zone can have a relatively low content of hydrogen. Based on
the relatively low concentration of hydrogen and the presence of difficult contaminants such
as CO and CO,, the gas exhausted from the reactor can be used for fuel gas, or for another
purpose that does not require separating the hydrogen in the exhaust gas from the other
contaminants. In embodiments where a stripping gas is not used, it is noted that some
contaminants may remain dissolved in the liquid effluent after separation.
[0061] In embodiments where the final hydrotreating stage in a continuous gas phase
environment is the final treatment stage in the reactor (e.g., such as where the first stage is in

a continuous liquid phase environment but the flow of the reactor is such that the first stage is



[ 0066] Cat al yti c dewaxing relates to the renoval and/or isonerization of
relatively long-chain, paraffinic nolecules fromfeeds. Catal ytic dewaxi ng
can be acworgpiz/abesd by sel ectively cracking and/ or by hydraiSsanm®sizzé ng
these |inear nol ecul es. Hydrodewaxi ng catal ysts can conprise nol ecul ar
sieves such as crystalline alumnnosilicates (zeolites) or

silicoal um nophosphates (SAPOs). Additionally or alternately, the nol ecular
sieve can be a 1-D or 3-D nol ecul ar_gj eve, for exanple a 10-nmenber ring 1-D
nol ecul ar sieve. Exanples of nolecul ar sieves useful for dewaxing can
include, but are not Iimted to, ZSM 48, ZSMR2, ZSM 23, ZSM 35, zeolite

Bet a, US¥xpefiohtdd lastiRehpelld), tRtbt@nslichef@f thel rBackor RiiebEgakRd ireBodi ment, t he
nol ecul ar sieve can conp % {;45 ZSM 22, ZSM 23, ZSM 35 SM48, and
conbi nat iSHHEHRLFEEH Sucﬂia"Ft‘ﬂsi% '& P’SFSSZ‘S‘EI\%GB&‘MZ g0 Saprpte fhezas s

Opt i onal Ip¥stich R thd @yAxhiBorg Ble AN tph&sRPoitide B the eBilRhINABE 1iq i GRas@Podibaim na,
titania, silica, silica-alumna, zirconia, or a conbination thereof, for

exanpl e &f thichiicaan ienbe pasedlo agpackiaviga cRpitont liquid Rhepeenvipimeng, Inang

zi rconi a.gu Ao ARals! the Wpadhibe Ed?laJe‘:I‘JebfornfédQ% ble@reoniph@be @l Ak Yaksd:d the
dewaxi ng reactor can conprise or a hydrotreatnent catal yst. [0067] One

feature of theptastonless, te rasyessminijaize é@ii0$srﬁt§aﬁ<ﬂf0gqﬂiléhsa@1wd/intﬂ§€ lésuid phasarol ecul ar
sieve | n%kﬂ[@ﬁﬁoﬁﬁ%%aﬁﬁﬂ%@ of silica to alumna (Si/Al'2) in the nolecular
si eve. For 1 nstance e nol ecul ar sieve can have a silica to alumna ratio
of about [Q0€Z]1 orAddsmally oxraltemampt e sgbowtr dh@0cdh berus¢des s, finabout 100: 1 or
less, ab Eirog% elsm%r tlaeeSS aconl;lnuous tl u1(? h]aseoernvir(e)ﬁ Sent Al‘rq dlh h%arllsaeltllltayto%[
al t er nat & y,p]tﬁ for 8e Ul O eVe R Rave i ed" 0 altivi ha®fati o of at
| east abeiflueBOfidm tlfe(glas phaaneh@oratan bea&tsedabmuhe dpardtoodruat A eaisif cathlgstt 65: 1.
- 21 - [0068] The de i.ng catal can al so t pchI i.ncl ude nmet al
yar ogendtt Brint BHnaoo e o gl Sh e TR i nat e syt Brou v 1
met al s cafflicRCk b@@ra@d,oul:"ﬂle 1Nimd AAf p&e MirbwtthOb df basleafan@pdnl rovaldiyy Co can
be included in the af ore i st. The dewaxi ng catal yst can include
at | east Bafydtossn ISW‘% %’efdﬁ’ﬁm\/l Il netal (s), for exanple at |east
about 0.3 wt% at_ I east about 0. 5 wt% at | east about 0.6 wt% at | east

2 G 2 2 | east about 5.0 wt %

PR ﬁ%ﬁ%hgﬁ%ﬁ%ﬁ‘ttﬁt”fthgﬁ?@'?*f&?*a?ﬁé%%ﬁtaéﬁ%% PR AR or 1 cs,

about 2. phytclmaronhess thealpseltedhydrogefenche hekstreawd 11qtuduanlds:1&edvfdi/camr | ess. In

one parti r odi nent ., the ewax| st can .include f om about 0.1
o5 Do aistio EVRRGR SR s bty i RS By R brs B Pun BB AEn &R P
dewam ng adaha]tayﬁtocésalmg lsnagé 1ls1¢tee;@sseahe freldliota ctm/akm@yﬂﬁl@gan&mcmlyaorrponent at
| east one, G a VIB netal s can
typi cal | ﬁe%’“ﬁg‘éo&‘dttlﬁnsc oIHJﬂt]?w‘é’PF BfrPWetgﬂn% ﬂ%gea@le’ieé‘éestt”oé’ﬁlgla@@ﬁb PSPPI netal |
SUChI as Nlexﬁ@;ﬂﬁig @tailﬁé)canf}ilzloﬁé{@iliﬂhﬁ pﬁisesml%ﬁﬁh}{elt\hﬂ&ﬁbdlemtt c@tﬂplbdld@glea dewaxi ng
catal yst that includes Ni en present e dewaxi ng
cat al yst SEHAUPHCIUPaEe: @é@@' S gbbar S@N@rwm)@ 8f g3 Y@F‘éh‘ﬁlﬂw °metal (s), for
exanpl e abntiResd li@RPiHasel bk i dntiddoub ﬁaﬁa pﬁd@@bﬁn rémBin\PGon@iuodt plagast about
5.0 % Additionally or alternately dewaxi ng catal yst can include
about 20 .sprrengingthq @é@f grtaly 1 @artielstiy tklﬁ Ea%@pétae%l)\avut cogtiiiops Bawbout 15.0
wt % or |%§§1ron%ﬁfjtln %Qﬂ&s‘éﬁ%(ﬁﬁleﬁ@ﬁ% V(ﬁtgﬁ)é"gbccéplgdWa/%ﬁ hh@$S the Yuigbout 1.0
wt % or |ess. \Where the dewaxi ng catal yst contains onl y Goup VIl netals,
however cPptingAey rerct@@gan By 1@$Set;1ant #heutph0&f efrtheadprowhma, far craserl¢ (s than
[ 0070] Catag&}ftsbp dewaxi ng can be performed by exposing a feedstock to a
dewaxi ng
[0064] One advantage of hydroprocessing in a liquid continuous reactor can be that an

excess of hydrogen is not required. Instead, an amount of hydrogen comparable to the
amount needed for the hydroprocessing reaction can be sufficient. For example, a catalytic
dewaxing process can consume from about 25 scf/bbl (about 4 Nm*/m’) of hydrogen to about

500 scf/bbl (about 85 Nm’/m’). However, this consumption typically only applies to a fresh



catal yst under effective (catalytic) dewaxing conditions. Effective

dewaxi ng tenperatures can be at |east about 500F (about 260C), for exanple
at | east wbaot2/B3@F (about 288C), at |east about 600F (&bduiS28168)756 or at

| east about 650F (about 343C). Additionally or alternately, the tenperature
can be about 750F (about 399C) or |ess, for exanple about 700F (about 371C)
or less or about 650F (about 343C) or |less. Effective dewaxing pressures
can be at |east about 200 psig (aboujpl.4 MPag), for exanple at |east about
400 psig (about 2.8 MPag), at |east about 500 psig (about 3.4 MPag), at

| east about 750 psig (about 5.2 MPag), or at |east about 1000 psig (about
6.9 Mrag)feedAddfcbd mataﬂals ysrewouﬁy bedhRivetdl,(e.tNe rey@sBrE® camboremahatt 2250 psi g
(about 15.5 MPag) i)r exanpl e about 1500 psig (about 10.3 MPag) or
| ess, abdiff afé@@“]:ﬁ’gl ‘iﬁ%‘ﬂla bydogebag) or |ess, about 1000 psig (about -
22 - 6.9 vbe1) OrTﬂee?ﬁavog&f so‘ﬂﬁ‘ﬂl—gf 11§1@LQO12§?910£1%9@1‘6EM§0115&MD SRRL oA gch&%

Ef fecti ve dewam n can about 0. f.or, exanpl e at

| east abdatrog @Ohfriols@f/ldfﬂ (4béatsftNﬁl B0} togba:it RPQ scfibhk (abasad Naboud. whidd hr-1, or
15 s Pl Rl L R Bl i e R
| ess, abowmcesed hsa ksdt, mlelsg;olmwclabmltlomof(feerﬂrwilh foesh fepdsan grepdvahe

o oS LAt AR o SRR AR LT 2,
trickl e W& in Gagpioal hy@onetrbcnuf@ubtobk quitlek cI@hiiaBEuBecd@d phaktychn bk rdattvielydownd/ or
SR L A R W R T
hydr opr opessiidigonditiey oﬂth@hyd@cqmc_aksyrtg (e.)., dewaxig gatalgstglue tdtydC_Otalné/at nment
phase. e GHEHES ¢ LD CaT Bt als SBUTRFBEH. dewa ng and. ant her T or m

of hydrogo@es}ssi NCatay®: C&Waﬁllng%jatéﬁ@rtlﬁirgmoﬁl bRESr iSInaARNRP Ui T
separately within a single "stage'. Particularly in such a miltifunctional

confi gur é?l}gofrhamapwfﬁmﬁr@lwleﬁ \fsemofﬁe%%takyybé%wwngﬁ? he yecpwrkishad By a

cat al yst %étnem&e&kﬁg%nwlpc%yraio@mﬁﬂﬁg ARESIF A ASLAI! HY daBwAgMSed.
[0072] I n such rfrultifunctional” enbodi nents, the reaction’'conditions in the
stage haviialysts hen comrisnelssuli siyrsueh e rpvitin aleainogepssi(eelieneref f ect i ve
hydrotre ri f

condi ti o%gﬁggﬁsnér? d %%33%‘9%%/‘“ grgﬂgﬁggct |a l\t/%ﬂaﬁ@lg’rtg@ﬁhfles ?I%ge\olggérl]ﬂ(}%tal ons.
Not e t hatl;Diof 3¢X meleceulursichg.deiotxpmplerd ftmanthediing bismalceulysene. Expanpleseat gas
rate can u I a 06€S5Si Ng
i r oo\ Ee SR DRGSR ralBE oA Bl e o PP Bls 285 e

hydr ogen 7. IMe3) ZSMr&:F ploaisd3 o, hlSIYuaSMgS any corpingons thmoﬁénptpeﬁ@‘rddydr ogen
gas, when t 8 en need exce Yo b Mt di ssol ved
v ogen “IhIOERa: PR SRSt o Ry G aals S Gaeay oo R 25

hydr of i n|4§run|dgombmg@0m am:rdmé, paﬂica]tarlyZSM 3i4%M-48, athanSnMeBSotOmiaheillygthst age,
wth appr ri.atel gr ef f.ective condi.tions e.

Iyt of | meeRPHGE Sl bfpe et AR § b Aot Pt BN cul ar 1y
di r ect ed Zreors@ bl adrbigatioh lﬂaetréufs“omamppetamh@arﬁ@air Inyamanatonlafoyﬁiofaadfl y) any
remai ni ng. ol ef| ns anpd/ or si.dual aromat i Ef f ective conditions for

hydr of | n%éar’?ﬂ%él g At AEP e ABpIp & ﬁl&m%ézsé@atmnﬂﬁtl}e. APy, a

t enper at WerafihOrabioih cddpiclopb@hRitrotedbient E@dlyexanpl e from about 150C to
about 350C or from about 180C to about 280C, a total pressure from about

400 psi g [P8ut 0w eyt meleswaisiovsntiat s impacathe getivig of temadgeulsf or  exanpl e
from aboyf., o8BS Me fa88k L1314 ME@I@(SE/RI&QQH@ m3ROHaR{NE. For instance, the

molecular sieve can have a silica to alumina ratio of about 200:1 or less, for example about

120:1 or less, about 100:1 or less, about 90:1 or less, or about 75:1 or less. Additionally or

alternately, the molecular sieve can have a silica to alumina ratio of at least about 30:1, for

example at least about 50:1 or at least about 65:1.



-23 - (about 20.7 MPag) or from about 1500 psig (about 10.3 MPag) to about
2500 psig (about 17.2 MPag), and an LHSV fromabout 0.1 hr-1 to about 5
hr-1, forwexarizosbr om about 0.5 hr-1 to about 3 hr-1 olPCfruseeadeLrse 0. 5
hr-1 to about 1.5 hr-1. The hydrogen treat gas rate can be based on the
anount of hydrogen dissolved in the continuous |iquid phase. [0074] Due to
the simlarities between hydrotreating and hydrofini shing noted above,

sui tabl e catal ysts for hydrofinishing can include hydrotreating catal ysts,
such as the hydrotreating catal ysts descri bed above. [0075]Additionally or
alternately, hydrofinishing catal ysts can include catal ysts containing

G oup VI Boosg|al s, THIdRWRxiM, %&Atalﬁgaearﬂm&ﬁ}algaﬁ@ﬁ&,arﬁa@l hybseleHa@isn t hereof In an
enbodi ment, the sulfide o | east one of the metals can have a relatively

strong hyamBYEARFIHs  Grietn HH metpk Suiahletipur HE mjls enitngludsiBbddeNbal yst can

include g grﬁMﬁachi {heﬁgpl@ptﬁﬁﬁlﬁj Co SHEB: ASuddd 1@3@&@&6@&1&0{&9%? fiat al ysts may
i nclude bul'k netal catalysts whérein the ampunt of netal is(are) about

50 wt % ordetjﬁvé@g @ﬁtalﬁégféun@nde@éﬂeaﬁtwb@ut Opawt% efithaprappi Al @% derrrcamplRer e t he
catal yst , :tf%a 919&1%%%&1%( Qﬂ@'ast Mﬁb@%t@ Rl a%@mg%' IR, at fe a@dﬁ?ll”atwt‘?f G oup

Vi1l metal (s) can be at |east about ased on the total werght of
t he cat alaykast aport 28 xeibg beat dgast abawitS. (hw%t AQdIBOnMI%ﬂ dterrageds theadsoaxingd. 6 wt %

at | east t t wt % or
o 1 eact BB e nfuth Bouto b SR o RROM OGRS oBhtsF Bl B R 3078 06
VI et altfsir lesambbeg 2aﬂa\m% oﬂleﬁ aktofrb bﬁ wit%e o8 lesd, or ab@nah@kwé%a)bw 008w % or
| ess, aboutw9m75 vw %

r em 1men W&%(]ﬁl% c%talgglt can 1ncl%d ro %ag lft O Wt“/ E) arb Lﬂq 5

addi ti ondfi yor & ndt e amsunt iret af t Her
i ndi vi duaﬁth@/ofGHtamerrdetur es can be at |east about 0.1 wt% for exanpl e at

| east ab .25 Wt % at Ieast bout wt % at st abqut. 0.6 Wm % at
| oast abdlet] 72 oo gipboginpin die %WWEI% cagl ?/%trsaﬂrlaﬂtlﬁf‘e%s B gt ipGhal | y or
al ter nat elly&mgéﬂaﬁoﬂ &nHonéiratiBist Bl @lolip VBB alefu, sBdH REY ahdied Mb d8@dhl Gro@ 1 N
m xtures, can be about 35 wt%or |ess, for exanple about 20 w % or | ess,

about 15 YiPonus paadupically bgseign gemynstion wilk thesf leati gpg Crpupeiilgietylesyigh

[ 0076] Whegng Q&V&@&I,Ayrﬁéxﬁmere%fmraﬁ rehﬁgdlﬁ@ﬁtac]oﬂﬁtb% a déwmeg)éa@ahymﬁ{ oxi de
supports can i ncl ude | ow aci di c oxi des such as silica, alum na,

si | i ca- aliahdsadiWi NiMpioaNidaly . chei meseitoths d?‘ﬁ@iﬂﬂﬁatabﬁé?@l"@fdlﬂd&alt agonpri si ng
al um na Ry, %fsr\%d/ O @idup'\ﬁﬁ'nﬁwalgﬁtf&lex%ﬁlefa%as@ \Aﬁml bGidafYLRL dugpk (and/ or

hydr of i ni s In can conprise at ast one netal se sulfide exhibits a
rel ativelp ‘gl%,@mgt lpaptirbogen@wit’on Aiddiiendliyrer ekeraatglprtbudevenpgontelysidan ch can

and i 11 R 280G TENSF AE AthE TR AP GRER B T " Lppor

mat er i al dessmpoilgd Ofoulf drdeks, %)umfﬁ @wt%yr ks, ogdneit i @wi% or less- Wliere the
dewaxing catalyst contains only Group VIII metals, however, Pt and/or Pd is(are) the
preferred Group VIII metal(s).
[0070] Catalytic dewaxing can be performed by exposing a feedstock to a dewaxing
catalyst under effective (catalytic) dewaxing conditions. Effective dewaxing temperatures
can be at least about 500°F (about 260°C), for example at least about 550°F (about 288°C), at
least about 600°F (about 316°C), or at least about 650°F (about 343°C). Additionally or
alternately, the temperature can be about 750°F (about 399°C) or less, for example about
700°F (about 371°C) or less or about 650°F (about 343°C) or less. Effective dewaxing
pressures can be at least about 200 psig (about 1.4 MPag), for example at least about 400 psig
(about 2.8 MPag), at least about 500 psig (about 3.4 MPag), at least about 750 psig (about 5.2
MPag), or at least about 1000 psig (about 6.9 MPag). Additionally or alternately, the
pressure can be about 2250 psig (about 15.5 MPag) or less, for example about 1500 psig
(about 10.3 MPag) or less, about 1200 psig (about 8.2 MPag) or less, about 1000 psig (about



in particular fluorination. The netal content of the catal yst can often be
as high as about 20 wt% for non-noble netals. Additionally or alternately,
t he hydr ovorzosiileggocat al yst can include a crystalline mrCefisad11lo¢i76601gi ng to
the M4 1S class or famly, which are nesoporous materials having relatively
high silica content, including but not limted to MCM 41, MCM4A8, MCM 50,
and conbi nati ons thereof (particularly conprising MCM41). Wen the MA15
mat erials include binders, suitable $jnders can include alunmina, silica,
and/ or any other binder or conbination of binders that provides a
relatively high productivity and/or a relatively |ow density catal yst.
Product RBromeng)ioesess, bPboll §30rpsipdatnds. o MERY oEBds. EffoeivedewiNin@DHSVE t r ogen
contents of thj@tl;&eagdstock 1ct%n preferably be redqcegqa The sul fyr, nitrogen,

c

and/ or oX9yBnat AED- s chor peEnplett SRsialput depire st Sttaﬁ%“té)osnltrerﬁt lqapt

treated faﬁ&ﬂ 18 frelorRf REL&SJuR 5P’ t ARIIHHENP BT DC/BRIY) theS IHEOLCANbE Abdut
cont i nuous qU| d ghase environnent. Additionally or alternat ql y, the

sul fur, Hi5thFo herralcab el (ln ok st alrus & PihB eer B! B ICEhIIC 67 188 pond t o
a treat edy 5153%1@2 @fh} egr [tRe FlARt: aéf&f@étﬁfl%@laatlfeﬂﬂteﬁl AR ARYING, Fes@RldnguUOUS gas
phase environment. For exanple, if final reaction stage(s) having a

i quid cdmtS\hissadiaedvrntavaesieadte can @c)mmmﬁatdéwn@:ﬁu@bleéwﬂ@@m atecldabed ytic
dewaxi ng |, QEQAor ef fective hydrofinishing conditions, the final reaction
stage may have little or no inpact on the amount of sulfur, nitrogen,

and/or o ﬁl th regard to sulfur, one
or nore F ce the sul fur content

to a sui t[a@th |eVI@soméblﬁBbduﬁerﬂQ@LHreeﬂcﬁ@l@stWiﬂg the@S8tindod lig¥apmke about 500
wppm or | ess, about 100 wppmor |es about \Aﬁ)pmo | ess about 30 wppm

or | ess, SABGUNMCDCFARSEATSIIIHLeT ty@é@ﬁ@ydi@”%’iﬁ%ﬁ g (cuglgif) daH Wigom or

| ess, or abayliroReMRARMaAd/of BRPofinWhind. MREEd, 6 it PostibleltRA M cohffiohyslied r eat i ng
stage(s) can additionally or alternately reduce the nitrogen content of the
feed to ABBGEMMTOMEPLIH OF cordiggredpe thapbothevexgssad agaheifym dr | ess, about 20
Wwppm or |h§§1%pro@&91‘ﬂ§ a&%tt%&f@h@treml @%r sifRMeors®y HRBSR-ALLY WEfh a s‘%@?@t S Wppm or
| ess, or about 3 wppm or |[ess. drotreat nent” can add| tionally o

al t er nat €btpedie Partiedan vindedxy geliditntifnal epnfigeratiet, amixtatel 05f e ey rtweé, whi ch
can corr t 95 nmol %
at | east %388%? dé"?qg%“a gta@gh %@%ﬁ%lt&% ?ﬂlt‘yt%)pfg%sgse aa|tr‘3r{ri)ve1 ec%%l bt gag/ or which
can corr 48¢pid tdnrsmllunmln@m‘cthmakmyc@dnmle 1hevabnmoﬁdmomm/dtmrstalgeh&wing or
exanpl e ess) t

b1 oconmporren i fiap€ERsanoh st sy PRl s Bt B o' feea can
avoi d pr abiceibsd atotd) the eréctiveQBbvailygto@ﬂloﬁ@dﬂsﬂ@)eﬂlﬁﬂd\@[ arde;aoffeonaél on due to

the crea n.of water. or n o n dro ocessin

[ 0076] Ty ERrmsE RS Fai s e St S d R PR RS TR e o a

di esel fueht dak et r&fBdt tRauiedif tHe@bnt@uoudiqd@l pHase @bceddind @agbnmdiout - S5F
(about -21 ; for exa Ie @t heast abouyt OF§\ out égﬁ) hleast about 5F
(about - FBECreigrer fo thppmeupb gidissolvsdyydragenjin hediaigelitse15F (about
-90), frq iﬁbﬁbfﬂ?fanyﬁdﬁ&oﬁﬂﬂi&ls pERC hy dré: eﬁ%@swe éﬁllﬁaeﬁ ﬂl@%y&rog&)nee&)éxc%é@%@bom
25F (about -4C) to about 50F (about 10 m | arI e ini t| al cloud

poi nt of S?lybtl%ttmtﬁpt)@tﬁﬁbé%mroge@éa%a@atpnﬁtegaaahtsoh pean ivgideabout 210). As
a result bi o eral feed
can have gé?lqoud &ﬂ?@? ﬂgg{-‘ %&%@ Cgﬁlgé f%[an%] Slml%gg ae%g%p%%eml %%%é rI;&OI{C}ZI or nore,
about 5C appropuatey smbutffem@ omdlmlom For ﬂxamnlq, bydroemiiueli ¢grgbpriss product from
e, devailn R ARF AR A oSl A1 BTOANER IR 0B SOREAL! el zed by
at | east one co pour int, a cloud point, a
cold fil tnorplp”sluggt) myy ltemanntng aberfma andmmenduail mnmtahmr &dfectitkennditichisésel f uel
product is bove . net ho sel oduct

Dvant agdSBTOEHES el SRR WG PR L B (e BB B8Rt e o1 oue
poi nt of 12k tfoebdltmlﬂi: fdiexdeplafbmgbsitd §6°C babowe¥anndl @ fain dbeasi8oabaut 10C

| ower e ut 20C | st  ab 0C | ower t | east about
200 1 oworbof 20 R oS FOBGEo R PIE ke brErrye BBt ary, rhe
cl oud poi@Boupfo.1 N@a@emmdnmé frei abot 300 Psg abowt3. OPeY) tb st 3F00psigxanpl e
about -5C or less, about -10C or |ess, about - 15C or less, or about -20C
or less. Further additionally or alternately, the cloud point of the
dewaxed feed can be at | east about -40C, for exanple at |east about -35C,
at | east about - 30C, at |east about -25C, at |east about -20C, or at |east
about -15C. Still further additionally or alternately, the product fromthe
dewaxi ng stage can have at |east one cold flow property that is at |east
about 10C | ower than the corresponding property of the feedstock, for
exarrple at | east about 20C | ower or at |east about 30C | ower. Sanple

~—~ ~




[ 0080] A reaction systemsuitable for carrying out the above process(es)
is(are) shown schematically in FIG 1. In FIG 1, a hydrocarbon feedstock
105 is i nwoadlenaeosdnt o a reactor. The hydrocarbon feedsPOTRIS2QF/0¢E86 be a

bi ocomponent feed, a mineral feed, or a mxture of a bioconponent and a

m neral feed. A m xed stream 117 of a hydrogen containing gas flow and a
recycl ed product streaminto which hydrogen is at |east partially dissolved
can al so be introduced. The m xed stypam 117 can be formed by mi xing a
hydrogen gas flow 118 from - 26 - hydrogen source 108 with a portion of
recycl ed product 157. Optionally, the hydrogen containing gas flow and the
recycl ed (o2t MPhg)eRMoadbogt 1360 bilt (Bducied Mepstaihuy2508edictatnal |y or

al t er nat el y, m xed streamé}? coul d optional ly,be conb Red with hﬁd{ ocar bon

f eedst ocK 7204 4 48 ap SHaNtizem alput Hd by efaétg%ttﬂtrodsrf]xm@ trgt st bho

f eedst ocko &Rt *Rd' dripearhbabf €AY kd {b&an sPAS STIHOWARIEE R LAV gl bdhe
hydrotreating catal yst beds 120. The feedstock can be exposed to the

hydr ot r edfieHgn deneadpat offuerosandssahad in e seéinnae liRyidPBIsFeat ment condi ti ons
in a confijgpqus mtela?e%ﬁmﬁdmew ! df%ftt%ﬁgl fggﬂtcaéﬁmm Rhdd&BbidNg

catal yst 'bed 120, the resulting hydrotreated e uent cam enter a
transiti onitsbbratalde.for hydrimishimscalt meltle kootreating @latystsisuch paihsi ti on zone 130

can incl lﬁgﬁmﬁﬁﬁﬁé'&ﬁg% 4P ﬁeﬁ%ﬁ&vft ripping trays 136. Note that the

presence ping trays does not necessarily require that a
strippi ndO@&Ey i s AkkitbnalBasr dltarnafedy, Eﬁcfrbﬁﬂ&ﬂﬁngmml)ba cex nalugt edalysta one or nore

conduits 132..T | i | d rt.ion the n. cont ownstreamto
o opr ocBiging Goun 8 BRI GRR Vil gl R Db o o

envi r onmenibodifiaet, elfefshluie@bfaftn@mdnydmpmcaﬁs@hngve&tragevelﬂﬁrdhgn then exit the
react or toforma cIe t.s am.157 and a diesel t stream
147. Por t%rﬁgen&twtﬁ teﬁtategv ﬁtﬁ&@@f@t%ﬁ%%@%t é%mbllégf‘rﬁ Q%apsﬁ

hydr ogen nepiR il s0h zg;et& aﬂcz& ttdo Tﬁ1@§emafa@@hé(h|1a§‘adnd1ﬁdédﬂﬁ<tmétﬁl&ﬁfaﬁys‘% %etettat can
enter the reactor ior to each of the beds after the first bed.

Recy I ed i e O HRSHIS stesd bt SO ToaR IR PHES dueoh alerprikely i

hydr ogen eﬁfaealﬁteﬂts %e&%@&'ﬂa@ﬂt 1s%§pp6%tt (ana-lﬂﬁls h&MBdu! B IRP! b @Rt oF €CYCl ed
product stream 157 can be conbi ned dr ogen-containing stream 118 to

f or m t he Gipwe¥lIEmetalighcan bre atdysss acbﬁ@th ywt% H>@serdl ardhe ot yeighipf phegalabtst.i nput 127
can be intr &Qﬁtgl%qt felk Qb&ubss 8C11QLasOHYRES.E G@W dt 1AW abB ot 305 'at fe2dp zone 130.

[0082] FIG 2 schematically shows a portion of a reactor according to an
enbodi menrbow0.8 Wigo, iahlgash ehaahO. 9IV\ﬁ%F1>I@t least abpr 18owt0s. oddafionale or dgomatsty, shown i s

the porti, Qenango%\ﬁﬂﬁftérgmfﬁ &@aﬁ@%aﬂ bé}ﬁioupt’%%ro??e%é "Wk e%ﬂplg bchtt @%{ faving a

conti nuous gas phase ‘environ tion 1S s react or
i nt er nal oridgtbaunf.7bevt s edeisnortahpig Otwté%(of leesrrt}bldhﬂmddttlohailytohelt@nm@ni ment

shown in FI e ffI ent fro dro treating h a s through
(rotat vai5 fupbPE Aol oo SR, B RN 52 LiaF el R0 B05

Opt i onal Iwty, (arekabply e lya)st abmetr(t 2cat’alay Bhst labmht 964;vt%aat leascdbwde0. émt%beﬂ at | east
e RS B Rl LRSS S B cEReoH uBBl e LS g
transiti amoz@ng al 3als, bieheg B8ivedAIIPEr i@XhaURS &dn B a:)oQt’lES ¥1% bPkS, ﬁ)@ndUi ts 232.
|qr31tet ? ng;![e qtrylgls? g%glg%&gi of lﬁl di n%{ i gj obllgsesr Ll:%[?t? Oe\gt tesessor a%gt?tl Sa\£1t| /<\>/ grl y)

less.

[0076] When the catalysts are supported catalysts, suitable metal oxide supports can

include low acidic oxides such as silica, alumina, silica-aluminas, titania, and combinations

thereof, particularly comprising alumina. Preferred hydrofinishing catalysts for aromatic

saturation (and/or hydrofinishing) can comprise at least one metal whose sulfide exhibits a

relatively strong hydrogenation function on a porous support, which can include amorphous

or crystalline oxide materials such as alumina, silica, and silica-alumina. Additionally or

alternately, when present, the support materials may be modified, such as by halogenation, or



other internals 266 can be included at the bottomof the transition zone.
After leaving the transition zone, the liquid portion of the effluent can
enter hydwopprddssvPng zone 240 that has a continuous |i qairaspéiase17s6
environment. [0083]FIG 3 schematically shows a portion of a configuration
according to an enbodi nent of the invention. In FIG 3, hydrotreating zone
320 is a hydrotreating zone having a continuous gas phase environnent. The
effluent from hydrotreating zone 320)g£an exit the reactor via conduit 387
and can thereafter enter a separation device 370, such as a separator drum
In the separation device, a catalyst bed 340 can be included in the | ower
portion a# pirh@lﬁembﬁ@moﬁ.oThmaalacohwdf&mﬁ@@eﬁs}&t a@ o$ttelagea§ HiglPasG@Biti20U0US
liquid phase en V|r nment ca chi eved. The gas phase portlon of the

ef f | uent “YIroiRT RAHRALI MR- déaﬁi%na yor digratsly.tha/)yarofigishne c418y% cafrhe | qui d

phase poriidiR.a ditaliheGRderfal béndhf: B XRAALLE difs bhRndily tkRipk 96 eRsbfosoRed 340
under effective hydroprocessing conditions, can exit separation device 370

vi a condlﬁwtterekpﬁlawﬂlee%%]velyelgh@ﬂsqa@mte@nme&@ﬁePet 19t liggitedtg MEMrHs YKtNMm t hat

can be usgdviag£8h dhA8ohGndddAs hANENHh@RulafiPcdntdetsing MERS 1§NWhKn BRINK 1 f O
fresh hydrocarbon feedstock 405 can be | ocated not at the top of the

react or . Maigtalsgacludeandersopitaple hdprs garvigelads Humine, siligcandror amhothes a

conti nuosde} GlobREAGFSBNG RN AN o bhbGrich pdudtdlnonaipen feedst ock
405 can be |ntroghceg&fnto tﬁ gbto?aﬁgforg-% pr U’M gg&cgntinuous gas
phase hydeletivebalpiviignsitysetaly 0. The hydr ocar bon feedstock 405 can be a

bi oconponent feed, a mneral feed, or a m xture thereof A hydrogen gas fl ow
418 can (peodunt Proptuigad prior to the first continuous gas phase hydrotreating

zone. 1y, the h |n|n as flow 41 uld be conbi ned
wi th hydrl@@'&?bon %re]@éﬁe%re %esm B ot grEm r%ﬁﬂﬁ@ﬂ@ﬂéofgtéagqﬂwoc AR

hydr ocar besferhei9ds taakedC e adalic tﬂn@dg@h | aMd@F 0:8lgbieEdhadn® désdPBedbi@dcid th a
portion of the effluent from conti nuous | i qui d processing zone 440 not
renpved frersepchtibe goakeat Bra tipated ifeed aftergyrosgerdng 18 thediydioprpessingoBes He 2

hydr ocar ey f,ead&f Qﬁ%a@élvfr@tﬂ%n@pl&&(ﬁﬂéﬂahy oPHrRfef, AlcallY: A¥e&f fddagnt from
zone 440) can pass wnst ream t hrough t he hydr ot réati ng cata% St beds 420
under ef foeﬁgqn\ﬁentWﬁ Aestriledtbetont cag eprekisponsiie aitiqated teodhafta lﬂm}sst @a@otmaee
environ r ulting
mydr of roar S ekt Bl PR SR lch T LA b et et ek R

l'i quid pﬁa@egpqudomnmsmewnwgnmwnUe®n§Osﬂwp®wmhgaﬁmaysamﬂﬁwcwhemggs phase
portion fI V, V; ondui t 432
The i qu:21 d/élt(;%\f{el%%vn ljé'? %tfﬁge:sﬁ%g? ﬁlh({eltﬁ ctggﬁlté%n nues'te{gg%ﬂv\/}{(Pl Vreel(ialtﬁ SII{I’%) the fl ow
schene oﬁmphnSnﬂmaﬁbamfﬁsdﬁmammmknzm@%ruaghyMHmpﬁmﬂeqwdpQMBuage 440, which
can have nthw,ﬁ{ qgghase envi.r t a portion
of the efl nt fY8 Bpt é§§Ph8°§%aﬁ%mﬁ%6w@éﬁ@P%%ﬁag%PPg? Yreactor,
e.g., as relivesek sﬁlmdumentsds 5 earbK kel Natheo hikvat 16doevpxi dér 169 tidxambRr  di esel
pr oduct G 4 only to clarify that

stream 447 is_shown with a
di esel pr’%%éf) 0 wppraghiess abryt I%WP@“%‘E ed%utfrpwme st L0uF CEVRIIBOT One or
nor e por e Nbo@f20tppnlirese] abpitad WlhnSérn&ambddt 1 06apS 1&ERARBIES v@f)fn to make
a recycled product stream 457. The recycled portion(s) can be mxed with a

hydr ogen % &¥t aVHh fgaigids nidgen; élefhdﬂwrﬁeegétaéﬂs)paaea@ﬂz&wqaﬂbalta(leynawi_w that can

enter the.feamtftrddbil EHnt&PoﬂM@fe@& [oeAbhtN9o %Rﬁ%r %29 for@%‘iﬂﬂﬁl’e edypseduct
i nput (s) 427 can optionally include a gas phase hydrogen-contai ni ng

conponentWres eidess, abp@@geinrm qrdespbedt 16 W@mnméeserﬂbedulﬁmel dilesglabeed i n
FIGS. 2 WTP&‘ le?bs,ctﬁl Qb&ﬁ" 3 %ﬁﬁil or less. Hydrotreatment can additionally or alternately be

used to deoxygenate (e.g., substantially deoxygenate, 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



toget her or separately, in conbination with the rel evant portions of the
enbodi nents disclosed in FIGS. 1 and/or 4. Additional/Alternate Enbodi nents
[ 0087] Adawoiz2orelikeg9or alternately, the invention can i neChAS2an®40856 nor e of
the follow ng enbodi nents. [0088] Enbodi ment 1. A nethod for making a diesel
fuel product, conprising: contacting a feedstock with a hydrotreating
catalyst in a plurality of hydrotreating stages under effective
hydrotreating conditions, each hydrojqyeating stage having a continuous gas
phase environnment, at |east a portion of the feedstock being conprised of a
bi oconponent feed, the feedstock having an oxygen content of at |east about
1 wt% an@aﬁlyswoisuﬁing@ﬁw@meam‘va@dn due@sihe aRetidn FRAMIPEAbInRidee@Esicock havi ng
a first |ch|onetr|c hydrogen need for said hydrotreating; mxing the
feedstocﬁ“’ I9PYO675SH& or during contact with at | east one additional

hydrotregpprg st aﬂ%wal"i’nh@ra@dﬂé@l@aﬁt’&i}e% SQRMI‘ ccﬁfvEf@ﬁHﬁﬂt@E QleM'ﬁS%IP Rygdtogen i's
at least partially dissolved, | east one additional hédrotreatlng

st age bewﬁ@h@@wmgﬂﬂéaﬁmpmﬁﬁﬁakb&%agwtéh%@@pmt%@CbﬁQW@@mpvab atiplirivt r eat i ng
stages; 1[1tt hd.'??’(/?faft leuﬁ%th%WaB&R pr ot %Lfe%s\f él?Jut M (95({1?%? @gatsiéa‘@ges Wi th

asecond re oduct streaminto rogen is at st partially
di ssol ve@bOLSéé"eFr(abmrm‘?ThérO@f fHouertF fab@}m ZQ‘i‘é?) m&lbplatl4|1f1§/(ab©utl5y@)r ot fremt i ng

st ages i b a ent

por 1 on: "oy 25 amAnRRE, R dbitte R8GO Ml AR e B o Ot al vt
in a hydrtxqmabbes&nmemfwgl&cque abcmom"iFr(ut@mBZII CﬂuAda phas ¢heenvi r onnment
under ef fbspccgllﬁlvgnerﬂ %1@(? ({(% Ssi ngd &8%0%1&0‘11&@/%11%69&1&0 éinga]? agvleea,sc oudf l(J)1en|t 0 roduct,
the liquidTDp uen por i"on ng a secon o1 CHi ometi'e ydr ogen
need for abaitd5ydmape, dmsmplg asda g¥; ortrhere,chbestd"Cfomﬁiorqaalﬁﬁhlﬂd:(b"CtImm’tge.

substantlall deo enat ed d avi.n - S nt e f about 100
oo on 1 karoud SARUAROR &Py GG G Do g S caf bod fhubarprendiLa to b
feed is lgsbe ¢HanRdtcabolby allezsttohér&ad ﬂb@pe@ﬁhy REch afslar@tlrlami SE6@Nsbint, a

c hydr.ogen needs, and where t gas

stoi chi onetr drogen tre
rate is éBlS‘JJt tel?lglsg%ag PUB Ol 4o81 A S IREFR ; E@ r{ g‘fEFP&B‘&i ment 2. A

met hod f @ theBdboROImBth6dse e dick 4 phodRétan @dv,am@gumﬂy ﬁmg cléudtpo @@ BabRBatBdut
feedstock into a reactor, the reactor incl udi ng one_or nore hydrotreatl ng

stages i & legihan thsudougaeing pbibe fesdite B denexinhiess. emRINR dPEGEOTN a

conti nuoyged ikt & RRASE0u DY 18REE Ml leasBdbol ERBE 18w RN 1da®Nib: 4bhe1fweedst ock
bei ng conprised of a bloconponent feed, the feedstock having an oxygen

cont ent 6*a@@“t@é@tﬂhﬁéﬂvﬂlAﬂﬂ@@ﬁﬂhfﬁavﬂwﬁﬂ&t@?@@ﬁ“ﬁwﬁ@fﬂwégﬁwﬁét|ng t he
feedstoc ﬁ;ré/&uEthbaﬂlégﬁ%hF gt MIQSS OBt Aadple a‘oE‘utt b QN&s %oﬁoﬁ@’gﬁf%sg’%&ﬁt I ng

stages under effective hydrotreating conditions, the f ock having a
first stdbthpolst e abomya(?"é‘gerheSﬂeEdthEmddstmndlm@it@mtelat ihnglogd pgjaisof the xi ng

the Tecdst gt RUION of 8100 A1 B8 RILAGHANL B LHALOLER2LI R skl ot 0

| east one rea stage, wt streaminto which
hydrogen 3|0§Ccatleb@abm$5253€ dtmgtabplarz(l%ll d>ry1t thastawuletﬁ°0nﬂml figthehe feedst ock,

prior to aﬁccﬁﬂ?nagly or alE a? gduc?{’romv%e delya 1nh(satadeecva\1%‘)fllavnegat? 8458 C(Wdt ha
second recyc UC am I'n lﬁ %en 'S Of econes at | east

parti al | ylosli mspblmyehht isex haauaba)ungoﬂ omet tﬂien meacxtr@pomh@qmp@has)éthef fl uent
portion rotre te fluent from t hydrotreating
st ages; gﬁe&at(?g%?(gc‘?f(? tle?Sh%h(’Bt Gdavepf Fﬁ%ar‘?P%ﬁB %Oqg O%F" sai d hydr ot r eat ed
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feedstoc kl‘he hydrocarbon feedstock 105 can be a biocomponent feed, a mineral feed, or a mixture of a
biocomponent and a mineral feed. A mixed stream 117 of a hydrogen containing gas flow
and a recycled product stream into which hydrogen is at least partially dissolved can also be

introduced. The mixed stream 117 can be formed by mixing a hydrogen gas flow 118 from



[ 0090] Enbodi nent 3. The nethod of enbodi nent 1 or enbodi nent 2, wherein
exhausting the gas phase effluent portion and/or separating the effl uent
from t he wbuoeldiieegoof hydrotreati ng stages i s perf or nedPailtusout/odseOg a
stripping gas. [0091] Enbodi nent 4. The nethod 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 pressure from about 300 psig (spout 2.1 MPag) to about 3000 psig
(about 20.7 MPag), an LHSV from about 0.2 hr-1 to about 10 hr-1, and a
hydrogen treat gas rate from about 300 scf/bbl (about 51 NnB/n8) to about
10000 scfhybdbed Ut 08 VAR a NoBioABY recycledIBoducl 3O 2jpkivikiel] theRydrégenThe met hod
of any one of  the previous embodi nents, wherein the total treat gas rate of
hydr ogen PRAARGES 900 24P K5y clehygtiet FEemgoRld P8 yniEidusedseparsidy- exanpl e about
550 scf/ dit{oARBUSr aBSmNEB/ MBkd Yeah BT -colid@BRd e 8&lE M edBvithhe met hod of

any one of the previous enbodi nents, wherein the hydrotreating catal yst
conpri sedvydroegbeipfesdsckdd npriog tyientgragghasesqtoret al on a support, for exanpl e
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enbodi nent s,
through the hydrotreating catalyst beds 120. The feedstock can be exposed to the

hydrotreating catalyst beds 120 under effective hydrotreatment conditions in a continuous gas
phase environment. After the last hydrotreating catalyst bed 120, the resulting hydrotreated
effluent can enter a transition zone 130. In the embodiment shown in FIG. 1, transition zone
130 can include a series of optional stripping trays 136. Note that the presence of the
stripping trays does not necessarily require that a stripping gas is used. Gas in the effluent
can be exhausted via one or more conduits 132. The liquid portion of the effluent can
continue downstream to hydroprocessing stage 140, which can exhibit a continuous liquid
phase environment. The eftfluent from hydroprocessing stage 140 can then exit the reactor to
form a recycled product stream 157 and a diesel product stream 147. Portions of the recycled
product stream 157 can be mixed with a hydrogen containing gas 128 to form recycled
product inputs 127 that can enter the reactor, e.g., prior to each of the beds after the first bed.
Recycled product inputs 127 can optionally include a gas phase hydrogen-containing
component as well. The remaining portion of recycled product stream 157 can be combined
with hydrogen-containing stream 118 to form the mixed stream 117. Optionally, the final
recycled product input 127 can be introduced into the reactor downstream from the transition
zone 130.

[0082] FIG. 2 schematically shows a portion of a reactor according to an embodiment
of the invention. In FIG. 2, the portion of the reactor shown is the portion downstream from
the final hydrotreating bed or stage having a continuous gas phase environment. This portion
is shown to depict reactor internals that can be used in this type of embodiment. In the
embodiment shown in FIG. 2, the effluent from the hydrotreating bed can pass through
(relatively) inert catalyst bed 264 to enter transition zone 230. Optionally, (relatively) inert
catalyst bed 264 can include (or be at least partially replaced by) other types of internals, such
as holding trays, perforated plates, or the like, or any combination thereof. After entering
transition zone 230, the gas can be exhausted via one or more conduits 232. Optionally, one

or more holding trays, perforated plates, (relatively) inert catalyst beds, stripping trays, or



t he hydroprocessi ng stage contains dewaxi ng catal yst and i s operated under
effective catal ytic dewaxi ng conditions, and wherein the effective

cat al yti cwoewexiipegocondi ti ons i nclude a tenperature fromCaSR11BO0F6 (about
260C) to about 750F (about 399C), a total pressure from about 400 psig
(about 2.8 MPag) to about 1500 psig (about 10.3 MPag), and an LHSV of about
0.2 hr-1 to about 10.0 hr-1. [0095] Enbodi nent 8. The nethod of any one of

t he previous enbodi ments, wherein thg; dewaxi ng catal yst conprises a

nol ecul ar sieve and a supported netal, the nolecul ar sieve conprising
ZSM 5, ZSM 22, ZSM 23, ZSM 35, ZSM 48, or a conbination thereof, for
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10. The nrbh@fot iqnypReecRiroaedi ments 2-9, wherein a recycled product
streamis mxed with ?eedstock prior to or during each hydrotreating stage,
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enbodi ment s _ eedst ut 10 wt % to about 50
wt % bi oc dapogenentineews capphaghenvaprmerte Thedtsend bkmdudtiedimg zbrord0about 50 W %

to about RN th‘@trg/z?cpcjr QLUIRARERY aI‘l(? gaﬁll thdr&NFLRS 2 separation device 370, such as a

separator drum. In the separation device, a catalyst bed 340 can be included in the lower
portion of the device, so that a hydroprocessing stage in a continuous liquid phase
environment can be achieved. The gas phase portion of the effluent from separation device
370 can exit via conduit 372. The liquid phase portion, which can first be exposed to the
hydroprocessing bed 340 under effective hydroprocessing conditions, can exit separation
device 370 via conduit 347.

[0084] FIG. 4 shows an example of a reaction system that can be used according to the
invention. In FIG. 4, the entry point for fresh hydrocarbon feedstock 405 can be located not
at the top of the reactor. Instead, the “top” reaction zone in the reactor can be a continuous
liquid processing zone 440. In FIG. 4, a hydrocarbon feedstock 405 can be introduced into
the reactor prior to the first continuous gas phase hydrotreating zone 420. The hydrocarbon
feedstock 405 can be a biocomponent feed, a mineral feed, or a mixture thereof. A hydrogen
gas flow 418 can be introduced prior to the first continuous gas phase hydrotreating zone.
Optionally, the hydrogen containing gas flow 418 could be combined with hydrocarbon
feedstock 405 prior to entering the reactor. The hydrocarbon feedstock can additionally or
alternately be mixed with a portion of the effluent from continuous liquid processing zone
440 not removed from the reactor as diesel product stream 447.

[0085] The hydrocarbon feedstock 405 (and optionally but preferably any effluent from
zone 440) can pass downstream through the hydrotreating catalyst beds 420 under effective
hydrotreatment conditions in a continuous gas phase environment. After the last
hydrotreating catalyst bed 420, the resulting hydrotreated effluent can be separated into a gas
phase portion and a liquid phase portion, such as by using stripping trays 436. The gas phase
portion of the effluent can be removed from the reactor via conduit 432. The liquid portion
of the effluent can continue “downstream” in the flow scheme of this reactor via conduit 467

to hydroprocessing stage 440, which can have a continuous liquid phase environment. At



Exanpl e 1: Reduced hydrogen consunption for processing feedstock including
bi oconponent feed (soybean oil) [O0099] A m xture of a bi oconponent diesel
feed and worznrean2089di esel feed were co- processed under PRydisSoteat7sent
conditions. The feed included about 30% by wei ght of soybean oil. Published
reports indicate that the expected hydrogen consunption for

hydr odeoxygenati on and ol efin saturation of soybean oil is between about
1500 scf/bbl (about -31 - 250 NnB/rB_and about 1900 scf/bbl (about 320
N8/ nB8). Based on this, about 1700 scf/bbl (about 290 NnB/nB) was sel ected
as an expected hydrogen consunption for the soybean oil. The remaining -70
| %hof t h&stjr'ﬂ p@ﬁbh if ekt éfﬂﬁ@dt'frsmyaroﬁioa@elag s wtc?@ kheﬁﬁilt 25 PG, lré% t oha
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gasoi | f dadioHhercaBdtrearptt 83/ B (Bt b ??gyrodﬁééfaﬁgb YHe feed was
about 30%&EYVRERRA cANE Pa@om&nlm%lﬁffy&Haedleaemsﬂoalhct k-Gt is 98 RIne middy wxpect ed
hydr ogen consunption for the bl ended fe was cal cul at ed to be about 580
scf/bbl (x#eetn VYreRABY ngye Ormmemlwflweﬁel nPductsie2adghedrPeand ni ner al
oi | feed Was.Rf AERTRAD alrftytRE pRIIESERES #97. AMhe A YALDFrENRPRLA BImERYD
catal yst under two sets og conditions where the'ratio of treat gas to feed
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v or AR o o8 nBleh e R g O I e PRl SR o Y ot o
conditionqxdmrmespnmﬁs mmombmmebwm1menmSmmhan&mpeﬁmednhymmagen consunpti on
for the nlx d fegg I 6pe second set of conditions, the treat gas ratio
was redué%ﬁ o8 BELES- 1786/°64¢ / bbl (about 130 NnB/mB) for total gas (about
624 scf/bbl, or about 106 NmB/ nB, of hydrogen), which is | ess than about
110% of tAsiditionaliAdisanptoiampodinieids t ar get H2 partial pressure was al so about
320 psig ut 2, e BeliReh 0SS ML LAfkons, a
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[ 00102] Thelcadt @b 560 Wirh,aBe REdstIR hefifid MBRE sthicBbHie hedbY® debdfor 8dig shown in

Table 1. In
hydrotreating; mixing the feedstock, prior to or during contact with at least one additional

hydrotreating stage, with a recycled product stream into which hydrogen is at least partially
dissolved, the at least one additional hydrotreating stage being downstream from at least one
of the plurality of hydrotreating stages; mixing the effluent from the plurality of hydrotreating
stages with a second recycled product stream into which hydrogen is at least partially
dissolved; separating the effluent from the plurality of hydrotreating stages into a gas phase
effluent portion and a liquid phase effluent portion; and contacting the liquid phase effluent
portion with a catalyst in a hydroprocessing stage having a continuous liquid phase
environment under effective hydroprocessing conditions to form a diesel fuel product, the
liquid phase eftluent portion having a second stoichiometric hydrogen need for said

hydroprocessing stage, the diesel fuel product being substantially deoxygenated and having a



Table 1, the yield colums for CO CO2, and H20 include two nunbers. The
first nunber represents the neasured yield, while the second nunber shows

t he correspontinigesyi eld if the feed had been 100% soybe&aTaisko11Datybe 1
shows that reducing the treat gas ratio led toa - 32 - lower relative
hydr ogen consunption for the soybean oil. Table 1 al so shows t hat
decreasing the treat gas ratio resulted in a decrease in the yield of H20
and CO, though an increase in CO2 yigjd. The reduction in CO production was
surprising, as prior reports of processing at reduced hydrogen parti al
pressures have shown increasi ng anounts of CO production. Wthout being

bound by samiyr cpakht o dbait 10eEIY or leds, WherbiglthcervRréan ads rhd of ByalidichadlitoR Of
i o_and reduced hydrogen partial pressure. can sonmehow
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[0089] Embodiment 2. A method for making a diesel fuel product, comprising:
introducing a feedstock into a reactor, the reactor including one or more hydrotreating stages
in a continuous gas phase environment and a dewaxing stage in a continuous liquid phase
environment, at least a portion of the feedstock being comprised of a biocomponent feed, the
feedstock having an oxygen content of at least about 1 wt% and having a cloud point;
contacting the feedstock with hydrotreating catalyst in the one or more hydrotreating stages
under effective hydrotreating conditions, the feedstock having a first stoichiometric hydrogen
need for said hydrotreating stages; mixing the feedstock, prior to or during contact with
hydrotreating catalyst in at least one hydrotreating stage, with a recycled product stream into
which hydrogen is or becomes at least partially dissolved; mixing the feedstock, prior to
contact with dewaxing catalyst in the dewaxing stage, with a second recycled product stream
into which hydrogen is or becomes at least partially dissolved; exhausting from the reactor a
gas phase effluent portion of a hydrotreated effluent from the one or more hydrotreating
stages; and contacting a liquid phase eftluent portion of said hydrotreated eftfluent with
dewaxing catalyst in the dewaxing stage under effective dewaxing conditions to form a diesel
fuel product, the liquid phase eftluent portion having a second stoichiometric hydrogen need
for said dewaxing stage, the diesel fuel product being substantially deoxygenated and having
a cloud point at least about 10°C below the cloud point of the feedstock.
[0090] Embodiment 3. The method of embodiment 1 or embodiment 2, wherein
exhausting the gas phase effluent portion and/or separating the eftfluent from the plurality of
hydrotreating stages is performed without using a stripping gas.
[0091] Embodiment 4. The method of any one of the previous embodiments, wherein
the effective hydrotreating conditions include a temperature from about 5S00°F (about 260°C)
to about 800°F (about 427°C), a total pressure from about 300 psig (about 2.1 MPag) to about
3000 psig (about 20.7 MPag), an LHSV from about 0.2 hr'' to about 10 hr'', and a hydrogen
treat gas rate from about 300 scf/bbl (about 51 Nm*/m*) to about 10000 scf/bbl (about 1700
Nm’/m?).
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[0092] Embodiment 5. The method of any one of the previous embodiments, wherein
the total treat gas rate of hydrogen is about 900 scf/bbl (about 150 Nm*/m®) or less, for
example about 550 scf/bbl (about 93 Nm’/m’) or less.

[0093] Embodiment 6. The method of any one of the previous embodiments, wherein
the hydrotreating catalyst comprises a Group VIB metal and Group VIII metal on a support,
for example Mo and Co.

[0094] Embodiment 7. The method of any one of the previous embodiments, wherein
the hydroprocessing stage contains dewaxing catalyst and is operated under effective
catalytic dewaxing conditions, and wherein the effective catalytic dewaxing conditions
include a temperature from about S00°F (about 260°C) to about 750°F (about 399°C), a total
pressure from about 400 psig (about 2.8 MPag) to about 1500 psig (about 10.3 MPag), and an
LHSV of about 0.2 hr' to about 10.0 hr'".

[0095] Embodiment 8. The method of any one of the previous embodiments, wherein
the dewaxing catalyst comprises a molecular sieve and a supported metal, the molecular sieve
comprising ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48, or a combination thereof, for
example being ZSM-23 and/or ZSM-48.

[0096] Embodiment 9. The method of embodiment 8, wherein the supported metal is
Pt and/or Pd, the amount of supported metal being from about 0.1 wt% to about 1.5 wt%.
[0097] Embodiment 10. The method of any one of embodiments 2-9, wherein a
recycled product stream is mixed with feedstock prior to or during each hydrotreating stage,
the recycled product stream having hydrogen at least partially dissolved therein.

[0098] Embodiment 11. The method of any one of the previous embodiments, wherein
the feedstock comprises from about 10 wt% to about 50 wt% biocomponent feed, or wherein

the feedstock comprises from about 50 wt% to about 90 wt% biocomponent feed.

EXAMPLES

Example 1: Reduced hydrogen consumption for processing feedstock including

biocomponent feed (soybean oil)

[0099] A mixture of a biocomponent diesel feed and a mineral diesel feed were co-
processed under hydrotreatment conditions. The feed included about 30% by weight of
soybean oil. Published reports indicate that the expected hydrogen consumption for

hydrodeoxygenation and olefin saturation of soybean oil is between about 1500 scf/bbl (about
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250 Nm’/m’) and about 1900 scf/bbl (about 320 Nm*/m’). Based on this, about 1700 scf/bbl
(about 290 Nm®/m®) was selected as an expected hydrogen consumption for the soybean oil.
The remaining ~70 wt% of the mixed feed comprised a mineral feedstock corresponding to a
light gasoil. The expected hydrogen consumption for this mineral light gasoil feed was about
100 scf/bbl (about 17 Nm*/m’). Because the feed was about 30% soybean and about 70% of
the mineral light gasoil, an expected hydrogen consumption for the blended feed was
calculated to be about 580 scf/bbl (about 99 Nm*/m’).

[00100] The ~30/70 mixture soybean and mineral oil feed was processed in the presence
of an alumina-supported CoMo catalyst under two sets of conditions where the ratio of treat
gas to feed was lower than the typically recommended ratio. The first set of conditions
included a process temperature of about 625°F (about 329°C), an H; partial pressure of about
320 psig (about 2.2 MPag), a total treat gas ratio of about 1450 scf/bbl (about 250 Nm*/m’) of
~80% hydrogen, corresponding to a hydrogen treat gas ratio of about 1160 sct/bbl (about 197
Nm’/m’), and an LHSV of about 0.6 hr'. The hydrogen treat gas ratio in the first set of
conditions corresponds to about two times the expected hydrogen consumption for the mixed
feed. In the second set of conditions, the treat gas ratio was reduced to about 780 scf/bbl
(about 130 Nm®/m’) for total gas (about 624 scf/bbl, or about 106 Nm*/m?, of hydrogen),
which is less than about 110% of the hydrogen need. The target H, partial pressure was also
about 320 psig (about 2.2 MPag), but, due to natural process variations, a hydrogen partial
pressure of about 311 psig (about 2.14 MPag) was measured at the outlet (within reasonable
error; close enough to have minimal or no significant impact on the results).

[00101] The soybean oil portion of the feed contained roughly 10 wt% oxygen content.
Because the feed was about 30% soybean oil, the total feedstock contained about 3 wt%
oxygen content. Under the reaction conditions, at least about 98% of the triglycerides in the
feed were converted. The oxygen content remaining in the hydrotreated (and/or further
hydroprocessed) product was less than 0.1 wt%, which included oxygen gas dissolved in the
feed. This level of oxygen removal is believed to be sufficient to allow use in diesel fuel
applications.

[00102] The characteristics of the effluent from these two runs are shown in Table 1. In
Table 1, the yield columns for CO, CO,, and H,O include two numbers. The first number
represents the measured yield, while the second number shows the corresponding yield if the

feed had been 100% soybean oil. Table 1 shows that reducing the treat gas ratio led to a
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Example 2: Reduced hydrogen consumption for processing feedstock including

biocomponent feed (palm oil)

[00103]

measured between about 1250 scf/bbl (about 210 Nm*'m?) and about 1500 scf/bbl (about 250

Nm3/m3

At relatively high treat gas ratios, palm oil hydrogen consumption has been

). This value can be reduced by using a relatively low treat gas ratio and a relatively
low hydrogen partial pressure. Palm oil was co-processed in a feed with about 30 wt% palm
oil and about 70 wt% of a mineral light gasoil feed similar to that described in Example 1.
For this ~30/70 mixture of palm oil and light gasoil, the expected hydrogen consumption was
calculated to be between about 450 scf/bbl (about 76 Nm® 'm’? ) and about 520 scf/bbl (about
88 Nm’/m’). A treat gas ratio of about 650 scf/bbl (about 110 Nm?’/m*) was used to
hydrotreat the mixed feed in the presence of an alumina-supported CoMo hydrotreatment
catalyst. The hydrogen consumption for the palm oil turned out to be less than about 800
scf/bbl (about 140 Nm*/m®). The water yicld was substantially reduced, relative to an
expected water yield from processing at a treat gas ratio greater than two times the expected

hydrogen need.

ent feed
f eed
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[ 00105] This feedstock is introduced into a reactor that contains three
hydr ot r eat ment beds operated in a continuous gas phase environnent, and one
dewaxi ng watalyweoshed operated in a |iquid continuous em¢iTfuseomosl75Recycl ed
product feeds are introduced into the reactor at several |ocations. A
portion of recycled product feed is introduced at the top of the reactor,
whi | e addi tional portions of recycled feed are introduced prior to each of
the catal yst beds after the first caiplyst bed. Hydrogen is dissolved in
this recycled product at approxinmately the solubility Iimt prior to
entering the reactor. The ratio of fresh feed to total recycled product in
the reactEgxampk 3ab@bdesdinof alfb@is@icl inciudihkibditodbortchefeécycl ed product is that
about 40@6of t he re%ycled product enters the reactor at the top and/or with
the fresH0QHBY vHicfellevHee pemaemirtigeenple The &pditeds oy e it isdans each
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-1: 2 rat |hadr@gerfq0e§hmﬁteeaf theut HOY seidd! (showt ide Nnabwt Tlgebws@ﬁpombmt fgedbout 50
N8/ nB) i I di tional
-500 scf?%%P¥?abo§?mg§£§%%n%%§i&laﬁggﬁgggﬁqf%%?w¥§%tE%eg@g%p%rfﬁggg the top
of the reactoofaywt £ il dhe exseisd hpfrogep dpsgentipsioatha feedis abduh 1¢the

continuo at.ely, an
addi t1 onar "B BBUR RO rheRb B PGS o) ik A E Bl AU T LEET % oo
into the rat&athmodLas awtgafeedpm&m ckpaeddty dogemeasunijtien obgboof S20hsef/ptdact or, in
whi ch ca ot ak dr f out 520 scf/bbl (about 88
NB/ 1) e Sl SRR %eecg‘% eégfﬁﬁ%%%%‘ erﬁlscaﬁﬂ%qdr%p i on. [00106] The

hydrotr ee[t)cm);] catﬂhs/&tedshedss i@@edudédintd mmrtmaedomlﬁ@thfeamﬂm&éatm&ﬁf ective
hydrotreating conditions are selected to achieve a fjnal sulfyr content of
eSSt hate %%ﬁfat%@awaﬁwouﬁﬂés AR VH RS g Spe RS REEPHSL bound ZSM 48

cat al yst pedteaiimi Rghid &58intidid Bnvirodn¥tPRecycled3foduc QLR b RicePMRCEBSSI NG 1N
t he hydrotreatnentlﬁtag s in the continuous gas phase environnment, with the
g

dewaxi ng Tk at serert it inRABHN ¢fireyrigd prody f%ﬁ@i\ﬁ {ngAdHsRd at thayiep pBEEI t i ng
l'iquid efrédc’eb@rlIzhdé%dﬁo&l}'b&‘ﬂanC&%c?E‘lEd ﬁefed h&%ﬁr&dﬂ@é@l ﬁ@?t&teaélp&tl{@&'fﬁl sore than
99% of the oxygen is renoved cl oud ﬁ?lnt of the liquid effluent is
-3C, whi drdy aftepthe fiss satalyigibad- Iézrtsogwwlsqo & i this regycled arodpedall. [ 00108] Whi |l e
the pr eseclP}BrOkl% thE‘olH@}ﬁtﬁl?%ﬁ{‘prﬂﬁ&éﬂtQﬁl tﬁe’l‘éadt(lr' L Fa%%@'fr@s)ﬁ féfif Elhigace to
particul ar enbodinents ose of ordinary skill in the art appreci ate
that the r¢qule¢hp10dnct lirethel seaitos islapout d: ZJéFdlpdtStrmugom@ﬁthmeeﬁ%@anoth isthagst r at ed
P o B W RASAMed b LS EREGoARAS) AR ITRIR (ROKEIYeet® Lhe

appended c ai ns etermnin true scope 0 e present
i nvent i onwhile the remaining three recycled product streams each correspond to 20% of the recycled

product. The recycled product has a hydrogen solubility of about 150 scf/bbl (about 25
Nm®/m®). Based on the ~1:2 ratio of fresh feed to recycled product, about 300 scf/bbl (about
50 Nm®/m’) of hydrogen enters the reactor as dissolved hydrogen. An additional ~500
scf/bbl (about 85 Nm*/m’) of hydrogen is introduced at or near the top of the reactor, so that
an excess of hydrogen is available in the continuous gas phase hydrotreatment zones of the
reactor. Alternately, an additional ~220 scf/bbl (about 37 Nm*/m?) of hydrogen could be
introduced into the reactor as a gas phase flow at or near the top of the reactor, in which case
the total hydrogen treat gas rate of about 520 scf/bbl (about 88 Nm*/m’) would match the
expected hydrogen consumption.

[00106] The hydrotreating catalyst beds contain a supported NiMo catalyst. Effective
hydrotreating conditions are selected to achieve a final sulfur content of less than about 100
wppm. The dewaxing catalyst bed contains a bound ZSM-48 catalyst containing less than 1

wt% Pt.



- 35 - CLAIMs: 1. A nethod for making a diesel fuel product, conprising:
contacting a feedstock with a hydrotreating catalyst in a plurality of

hydr ot r eawOng12gti2ages under effective hydrotreati ng condiPCransg)118acke
hydrotreating stage having a continuous gas phase environment, at |east a
portion of the feedstock being conprised of a bioconponent feed, the

f eedst ock havi ng an oxygen content of at |east about 1 w% and a sul fur
content of at |east about 500 wppm_ife feedstock having a first
stoichionetric hydrogen need for said hydrotreating; mxing the feedstock,
prior to or during contact with at | east one additional hydrotreating
stage, Wbeng)r eCﬁﬁér%ﬂocwsﬂféuﬁ¥he%&ﬂﬁﬁ€ﬁtﬁla{t@ta§&l if hlew&mg@srgals hat | east
partially dissolved he at. | east one additiognal drotreatln st age bei ng
downst r e &Y FYFIENGMVIH él%?sctewaﬁég e R dheogingops awd Plﬁﬁ%ﬁ%{ﬂf@é‘a@qt rfg € st ages;

m xing t h‘é‘suﬁfn@ €0 e RiMat B SulRl: ‘c!&ﬁéﬂt%ﬂe@sf thﬁh\/ﬂ)roat T093¢JpR0 MbRYURSH WL dF a
second recycl ed product streaminto ogen is at |east partially
di ssol vedhe oxygen is sesprreéit Thiceleudepoist pf fdie hqulfi ﬁf\;‘Wﬁmth% 3pCuvhirh syt lgpst about

hydr ot r eahbig,wst 98 fheliMliQ Req9as phase effluent portion and a liquid phase
ef fl uent portion; 5 contacting the liquid phase effluent portion
with a cd0a1084t |W%acmwgﬁm@nonemsmngs@&a@ewhauhn@1mmaandbmuﬁﬂ@mquU|d phase

envi ronnent,. under. ef f ect yd r OGRS S) dltlons tg forma diesel
fuel pro (]j)aréltcﬁllali ?’lmbq%lmel?l o hﬁﬁ }} eor(iel?zfpr}/ Skefnf t1n g Iwog é%clart]eg thatQ[he 1ngené1 on

st0|chlonatmnﬁﬂhydmmgﬁnsmﬁedwhmnWsHmmahydm@mrGbemsnagomnmgemﬂﬂheedlesel

of about 10t Bptcor heedr ey HEPR O BERRS Al e RS AT ogen

rel ati ve thoprtdaet ihe@don.s |1 ess than about 1.2 times the conbined first and
second stoichionetric hydrogen needs, and wherein the total hydrogen treat
gas rate is about 750 scf/bbl (about 130 NnB/nB) or less. 2. A nethod for
maki ng a di esel fuel product, conprising: i ntroduci ng a feedstock
into a reactor, the reactor including one or nore hydrotreating stages in a
conti nuous gas phase environnment and a dewaxing stage in a continuous

| i qui d phase environnent, at |east a portion of the feedstock being

conpri sed of a bioconmponent feed, the feedstock having an oxygen content of
at | east about 1 wt % and having a cloud point; - 36 -



contacting the feedstock with hydrotreating catalyst in the one or nore
hydrotreating stages under effective hydrotreating conditions, the

f eedst ockwbavizg2m9f i r st stoi chi ometric hydrogen need f ®@CTABR@1/041756
hydrotreati ng stages; m xi ng the feedstock, prior to or during
contact with hydrotreating catalyst in at |east one hydrotreating stage,
with a recycled product streaminto which hydrogen is or becones at | east
partial ly dissolved,; m Xi ng thes feedstock, prior to contact with
dewaxi ng catal yst in the dewaxing stage, with a second recycl ed product
streaminto which hydrogen is or becones at |east partially dissolved;
exhausting fromthe reactor a gas phase effluent portion of a hydrotreated
ef fl uent 4"dMS he one or nore hydrotreating stages; and contacting a
l'iquid phase effluent portion of said hydrotreated effluent wth dewaxing
cat al yst li n t Remethodhlor makiag adissal ik prodidt.ecomprigingewaxi ng conditions to form

a di esel fuel | 1-qu ; F | second
2tol onomet i ey s R L B RS R AR BRI Ll
product beiegindersdieantci hatioyreding eyt edclamdlrdteaiimgstage dhvogla poitingowt | east
or ol ai mi3 PRCEnELRAR A o fth of 1€ AR Rt combyisclMR B DR RgRY <1 2 M 4
separat i rfga’dt the feefi§tbakdnving noxtder coitent af attlgasiobotryldwidt amslat sulfgr eheges | s
performed, w thou in SLr i ppj .gas .. .The nethod of any one of the
b evi ous b1k BN SEk B s EARRE R BES e dle R Sond Rl e S o e
t enper at yérofreaimzabnie thOREds(erbqitior RGE@QpribOcabouwitiB0fas( @badditid2C) , a

total pressure from about 300 psi about. 2.1 . t o.about 3000 psig
(obout 205 FolEsk Sk S PO PPt Teind it Bladsf i et shg o
hydr ogen disgs6laéd, GRSt leadt ©nd dM oAby rod0RingGlabdBdind @daddirepil frivaBl B oh® about

10000 scf/bbl (abouf 1700 Nn8/n8). 5. The method of any one of the
previ ous OéFhﬁipllfﬂght%ﬁé]PyéiirWef‘WSﬁ%%ﬂ treat gas rate of hydrogen is about 900

scf/bbl  (aboutn4ROmNIBER)frd the @RSality OF hy@XodmiR sl itPAQcskd kbRled( about 93
N8/ nB) or less. 6. The nethod of any one of the previous clains, wherein

t he hydr reduskstiayn &8 whigh hy¢regrirs ddestpagidlydisseleedret al and Group VI netal
on a support, ofafifXATRHRIMI AN he PRirality o drotreating stages into a gas phase

effluent portion and a liquid phase effluent portion; and

contacting the liquid phase effluent portion with a catalyst in a hydroprocessing stage
having a continuous liquid phase environment under effective hydroprocessing conditions to
form a diesel fuel product, the liquid phase effluent portion having a second stoichiometric
hydrogen need for said hydroprocessing stage, the diesel fuel product being substantially
deoxygenated and having a sulfur content of about 100 wppm or less, wherein the total treat
gas rate of hydrogen relative to the feed is less than about 1.2 times the combined first and
second stoichiometric hydrogen needs, and wherein the total hydrogen treat gas rate is about

750 scf/bbl (about 130 Nm*/m?) or less.

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

introducing a feedstock into a reactor, the reactor including one or more hydrotreating
stages in a continuous gas phase environment and a dewaxing stage in a continuous liquid
phase environment, at least a portion of the feedstock being comprised of a biocomponent
feed, the feedstock having an oxygen content of at least about 1 wt% and having a cloud

point;



7. The method of any one of the previous clains, wherein the

hydr opr ocessi ng stage contai ns dewaxi ng catal yst and is operated under

ef fecti vewoaneyoieise dewaxi ng condi tions, and wherei n th@CefuiSeetiovsse

catal yti c dewaxing conditions include a tenperature from about 500F (about
260C) to about 750F (about 399C), a total pressure from about 400 psig
(about 2.8 MPag) to about 1500 psig (about 10.3 MPag), and an LHSV of about
0.2 hr-1 to about 10.0 hr-1. 8. Theggethod of any one of the previous

cl aims, wherein the dewaxi ng catal yst conprises a nol ecular sieve and a
supported netal, the nol ecul ar sieve conprising ZSM5, ZSM 22, ZSM 23,

ZSM 35, ZSM 48enttin@the dedakoek widthhydi@f@oig cafdyst BXROP ctor BRIrd IRy déstdaizy and/ or
ZSM48. 9. The maéhod of clajm8, wherein the ilup_ported netal is Pt and/or
Pd, the aRkgtiitrdgreticaihsdyiolestoesrndiiamsdghs feadhtosk baringa frsptoichigmabisut 1. 5

wt %  10.hydidged e ed safl hpmyrQngs @hegl ai N8 2-9, wherein a recycl ed product
streamis mxed with feedstock prior to or duri n% each hydrotreating stage,
E

the recycl ed Prosgite fedstednPreie Agdwipg corjast Wah hydrebeatigg catplystiyatdpass ol ved

therein. ondydrdiR@anBihRdwih a 8y cl0Dso@lct sREnRh @ RYShyal REME or WRSHRL Bt t he
f eedst ock conprises from about” 10 wt % to about 50 wt% bi oconponent feed, or

wher ei n tl¢fet fagtisdis iss®dvedonpri ses from about 50 wt % to about 90 wt %
bi oconponent Bl%ﬁgg the feedstock, prior to contact with dewaxing catalyst in the dewaxing stage,

with a second recycled product stream into which hydrogen is or becomes at least partially
dissolved;

exhausting from the reactor a gas phase effluent portion of a hydrotreated effluent
from the one or more hydrotreating stages; and

contacting a liquid phase effluent portion of said hydrotreated effluent with dewaxing
catalyst in the dewaxing stage under effective dewaxing conditions to form a diesel fuel
product, the liquid phase eftluent portion having a second stoichiometric hydrogen need for
said dewaxing stage, the diesel fuel product being substantially deoxygenated and having a

cloud point at least about 10°C below the cloud point of the feedstock.

3. The method of claim 1 or claim 2, wherein exhausting the gas phase effluent portion
and/or separating the effluent from the plurality of hydrotreating stages is performed without

using a stripping gas.

4. The method of any one of the previous claims, wherein the effective hydrotreating
conditions include a temperature from about 500°F (about 260°C) to about 800°F (about
427°C), a total pressure from about 300 psig (about 2.1 MPag) to about 3000 psig (about 20.7
MPag), an LHSV from about 0.2 hr'' to about 10 hr'', and a hydrogen treat gas rate from
about 300 scf/bbl (about 51 Nm*/m?) to about 10000 scf/bbl (about 1700 Nm*/m’).

5. The method of any one of the previous claims, wherein the total treat gas rate of
hydrogen is about 900 scf/bbl (about 150 Nm’/m’) or less, for example about 550 scf/bbl

(about 93 Nm*/m’) or less.

6. The method of any one of the previous claims, wherein the hydrotreating catalyst

comprises a Group VIB metal and Group VIII metal on a support, for example Mo and Co.
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7. The method of any one of the previous claims, wherein the hydroprocessing stage
contains dewaxing catalyst and is operated under eftective catalytic dewaxing conditions, and
wherein the effective catalytic dewaxing conditions include a temperature from about S00°F
(about 260°C) to about 750°F (about 399°C), a total pressure from about 400 psig (about 2.8
MPag) to about 1500 psig (about 10.3 MPag), and an LHSV of about 0.2 hr to about 10.0
hr.

8. The method of any one of the previous claims, wherein the dewaxing catalyst
comprises a molecular sieve and a supported metal, the molecular sieve comprising ZSM-5,
ZSM-22, 7ZSM-23, ZSM-35, ZSM-48§, or a combination thereof, for example being ZSM-23
and/or ZSM-48.

9. The method of claim 8, wherein the supported metal is Pt and/or Pd, the amount of

supported metal being from about 0.1 wt% to about 1.5 wt%.

10. The method of any one of claims 2-9, wherein a recycled product stream is mixed
with feedstock prior to or during each hydrotreating stage, the recycled product stream having

hydrogen at least partially dissolved therein.

11.  The method of any one of the previous claims, wherein the feedstock comprises from
about 10 wt% to about 50 wt% biocomponent feed, or wherein the feedstock comprises from

about 50 wt% to about 90 wt% biocomponent feed.



