WD 2012/ 012088PCT/ US2011/ 041732 1 TWDO STAGE HYDROPROCESSI NG W TH DI VI DED
VWALL COLUMN FRACTI ONATOR FIELD OF THE I NVENTION [0001] This invention
provi des nethods for multi-stage hydroprocessing using a divided wall
colum as a f WE&XPEOMEDr. BACKGROUND OF THE | NVENTI ON [HSO0ZPMEE+15ui pnent
necessary for refining operations is one bf the maj or sources of costs in a
refinery. The equi pment can include catalytic reactors, fractionators
and/ or separators, and other supporting equi rrent In a conventi onal
process train, each catal¥Oixd Y BROPRQUESYINaWAB M MILEED f r act i onat or or
separator associated with the nggt@rLUmFﬁg@ﬁ@{Jm@th the various products
produced in the catalytic reacCtion stage. [0003]One nethod for saving on
capital costs is to allow nore than one reactor to use the sane
fractionator. MESD (HareRINONTEINILI2, 016 shows an exarrpl e of a fractionator
that includes @b ple volunes. In this pa ent,l Ipendent refinery
gasol i ne stread f]suchﬂa%‘néer‘I“B’\]/\PrBE’fi%Beﬂé Y "HS t@ﬁa%?cbty BIOGHEBE iR @ ar e
fracti onat ed idvitihewdlr@tiinaRati@ttonh®r.t he fractionator, the light ends
portions of the two gasoline fractions are allowed to m x. However, there
IS no descri ptﬂ;&@KQRO@ggggptpqu@fEmmNi nteraction, recycling, or other

m xi ng of the gasoline "bottons™ portions. The outputs fromthe

fracti onat or a[g@ 0 | i ghle cvipment apcossaty PHalinipgorsraipnnie pnad dhpymajpragericesns .

[ 0004] Eur opean,Ba&nt rEHly a8t bamhoNe cdafn AR 2129 ARRESS, SrabRonkfoRMinder anot her

scparators, and other supporting cquipment. In a conventional process train, each

catalytic reactor can have a dedicated fractionator or separator associated with the
reactor, to separate out the various products produced in the catalytic reaction stage.
[0003] One method for saving on capital costs is to allow more than one reactor to
use the same fractionator. U.S. Patent No. 3,412,016 shows an example ol a {ractionator
that includes multiple volumes. In this patent, two independent refinery gasoline streams
(such as a low octane and a high octane gasoline) are fractionated in the fractionator. In
the fractionator, the light ends portions of the two gasoline fractions are allowed to mix.
However, there is no description or suggestion of any interaction, recycling, or other
mixing of the gasoline “bottoms” portions. The outputs from the fractionator are a light
fraction and the two distinct heavy fractions.

[0004] European Patent Publication No. EP 0819752 appears to provide another
example of using a {ractionator having multiple volumes. In this publication, il appears
that two separate input streams are provided to the fractionator. The vapor portions
produced in each side of the fractionator are allowed to mix, leading to production of one
or more light product fractions from the fractionator. Each side of the fractionator also
produces a bottoms portion. In some figures, the bottom portions appear to remain
scparated after lcaving the fractionator, while in other figures the input to the second side
of the fractionator includes portions of the bottoms from both sides of the fractionator.
[0005] U.S. Published Patent Application 2009/0095655 describes methods for
hydrocracking a mineral hydrocarbon stream. A hydrocarbon stream is treated first in a

gas-phase conlinuous zone. The effluent [rom the hydrotreating zone is then



exanpl e of using a fractionator having nultiple volunes. In this
publication, it appears that two separate input streans are provided to the
fracti onator. The vapor portions produced in each side of the fractionator
are all oned t &M0%0138%di ng to producti on_of one or nor PIVERIBHGHUCT
fractions fromthe fractionator. Each site-of the fractionator also
produces a bottons portion. In sone figures, the bottom portions appear to
remai n separated after |leaving the fractionator, while in other figures the
i nput to the sBEsEHCkIddR ouFormiie fangetThe hadresradkiig|zaers saplsraeb-obese of t he
bottons from behnghdemeOdr 1R phi@ChitR0akIbnes100051U. S, Publ i shed Pat ent
Application 2009/ 0095655 descri bes nethods for hydrocracking a m neral

hydr ocar bon Stél?[@{_i\!_?;m%\f p#qu%cﬁ\%‘rlékr eamis treated first in a gas-phase
conti nuous zone. e hydrotreating zone is then WO
2012/ 012088PCTI008201 1/ O41# Bt o2hhipdmbion etk do & metbpdiooprodurie: lzoneléur The

hydr ocracki ng z 5 -bhas ont i ny o] .1 qui d- phase
cont i nuous zonégﬁﬁ%@mﬁg%és%ﬂ% ?Rl&/lg tlH’\Ia %I%%%fé]u@% ﬁggéﬁtlefécc Yof the

i nvention rel diy@tkeding comtithrog faotionprimpibe hyligotteated Saddlack in dfist vdlunat & a
products, conpti.sing. t )CK- fir ffective
hydrotreating %%ﬁ%ﬂ?ﬁ%ﬁgﬁhﬁa&gﬁagﬁg&ﬁ %gu‘%gﬁgéa%/a rlr(l%ll{})?(gcglf le1r C?l {Sanégshfsgck in a
first vol une dfottamslirydtidedndalitst capmemitdctiacthitongaseod ¢ o yppodudyidetl | east a
first product ticon,e.a.first;.. : >t , : [ LSt mmn
fraction that ‘ifogﬁ%a{g g{eé ra?t 6&3%?’1? Sg‘g%‘hg %r{)/%’egg%ét\?%ﬁudﬁ&gg OECHIS%#Srtggﬁ%nat or;
di ssol vi ng hydrastientoiappratimhiclyshe @lybdity lion; lyflroctaekifg the porbot ¢fohsfikr acti on to
appr oxi mat el y s ] It i.ng. : I f the first
bottons fract i%&%ﬁ%ﬁ%ﬁ%ﬁ%ﬁ??ﬁ# 8%%?%%(?’%@@%&%?? Y%ggslgdlkﬁ%as 5

hydr ocr acki ng heviage crdiviing liguid emtiionmenisantlifigeticdaiégnptia lorrrsrickedeing bottoms
fractional i ng dogddnagh@edf of et ROHAMBIIAEIAAR b RodREANG P! uTe of
the divided wall columm fractionator to produce at [east ‘a second product
fraction, a thpgodd progers Erctionacthird prodeph dadios cwd decovhvromd stivrohattihat i s
passed to the Jppef, Hghp¥i &ﬁg@égbwﬁe OF ihd RELRAGE hRARH Hersc A& bkttt NE
second product fraction has at [east one iInproved property relative to the
first product ffeémthapat leasidone iaprovddrpdonsttp thlrsive forthefiisomodvasiraption emlghe one

i mproved propefitdprb&lcAdtn AR af B HRLik 1By Ratile QPR Nekigspect of
the invention relates to a metdhodt?‘ggﬁ]l gﬁ%}gi ng I%ls\tllds?u?f é%égiiﬁ;sbpﬁc?(gltse
products, cond®9%ilng: Anptheoaspesapi theingerftioe cidttodk 2 mathed faebfadotinglew sulfur
hydrotreating &anpdi L , r [Walole ! if ina
first hydrocr é‘%k?n%bé’?‘%g? urfg{eSfrﬁ%'f Iﬂf&g?&%ﬁégﬁe%ﬁﬁ%ﬁ r g%:f?egtéﬁelﬁ'g%tgg%@igt i ons;
fracti onati ng comieticnyddoradienihé baldateaek fdedsterkfin 2 Sist ygkagraskipg stagedindérded
wal | col um f gty 0,cR oat. : ' i yct
fraction and a f%r%?@%@{d{%n%% gg@“@?ﬁ’ﬁ“*‘%’?@% e{% }{%"Cg‘cg%ﬁlﬁd%ag‘? %t he

bott oms fract ifisth volama okedivde! Wgibircbummicictinia tapredivavi lngt alisbditschuous i quid
envi r onnent u%%nc@ﬁ&mfaq{lﬁg fiRF bl Ui Ak ARkt ARhibh OB: bR X1 ng. the

hydr ocr acked I 5 fractio ewaxl ng stage

ortion o i rst bottoms
having a cont ifiagiondn ¢ pegendchyeivpiaplongretae havioes cetiferss liged gaiarine uadsndi t i ons;
and fractionatingy %f%gtiW?Q@Jaéﬁ%f&ndﬂgwé&glxpl%ttﬁeq{ﬁrof:%l@i&h'pgﬂio%l B i S€cond

vol une of the divi colum fractionator to produce at |east a second

di esel productirst peftopis digcténmdn a deexsndiasehtvares foparoboiuidierainent tslesecond

di esel pr OdUCTefféc'fi?&@évs%@i_n@@&d%on!s;%ﬁé Fraé?@ﬁatin%eqxf&@cﬁglea JaariopRes ty
relative to the first diesel product fractron, "and the second bottons

fraction has &fctiondst scepnsd viokicoy g dbadad walsplupmdisetiangtor B pedugeattiessizhe fir st
bottoms fract kQBnd diesel product fraction and a second bottoms fraction, wherein the second diesel
product fraction has at least one improved cold flow property relative to the first diesel

product fraction, and the second bottoms fraction has at least one improved cold flow

property relative to the first bottoms fraction.
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[0008] Fig. 1 schematically shows a reaction systemfor performng a process
according to an enbodi nent of the invention. [0009]Fig. 2 schematically
shows a react M8 for perforning a fr ocess accor di Hg/¥801aM841éHbodi ment
of the invention. 10010]Fig. 3.schematicafly shows a portion of a reaction
system according to an embodi nent of the invention. DETAILED DESCRI PTI ON OF

THE EMBODI MENTS 0011 ThIS ovi des various systens and net hods
i BB IH (NG¥s. I n various enbodi ments, the

advant ages of fdﬁ@S}SySt ﬁg‘sl &H&l%&l%ﬂ&v§madu@ﬁ ke, lopﬁgrloﬁ{lﬁ%‘g?%céésm ted to,

reduced equi pnment needs and cost production of tiple
distillate protfaeeingieampofimsph ohifictipysnéon eact or syst ens.

[0009] Fig. 2 schematically shows a reaction system for performing a process

according to an embodiment of the invention.
[0010] Fig. 3 schematically shows a portion of a reaction system according to an

embodiment of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0011] This invention provides various systems and methods for improved

processing of hydrocarbon feeds. In various embodiments, the advantages of the
systems and methods can include, but are not limited to, reduced equipment needs and/or
reduced cost production of multiple distillate product streams from multiple reactor
systems.

[0012] According to the invention, a divided wall column is employed as a
fractionator as part of a two-stage hydrotreatment and/or hydrocracking unit. The
divided wall column can advantageously allow for lower cost production of diesel fuel,
such as with a sulfur content of about 50 wppm or less, for example about 30 wppm or
less, about 20 wppm or less, about 15 wppm or less, or about 10 wppm or less. In these
two-stage units, two hydrotreatment and/or hydrocracking reactors can be employed to
share a single fractionator. The effluent from the first hydrotreatment and/or
hydrocracking stage can be delivered to a first volume of the divided wall column, The
effluent delivered to this first volume can be fractionated into at least two heavier
fractions and one or more lighter fractions. The heavier fractions can exit the
fractionator from a location below the height of the dividing wall, while the lighter
fractions can exit the fractionator from the common portion of the fractionator, above the
dividing wall. The at least two heavier fractions can include a bottoms fraction and a
product fraction, such as a diesel boiling range fraction. At least a portion of the botloms
fraction can be sent to the second hydrotreatment and/or hydrocracking rcactor.
Optionally, at least a portion of the product (diesel) fraction can also be sent to the
second reactor. The effluent from the second reactor can then be passed to the second
volume of the divided wall column to produce at least two additional heavier fractions

and one or more lighter fractions. The at least two heavier fractions from this second



[ 0012] According to the invention, a divided wall colum is enployed as a
fractionator as part of a two-stage hydrotreatnent and/ or hydrocracking
unit. The divided wall colum can advantageously allow for |ower cost
producti on of W#28B&I20B{el , such as with a sul fur contentP@GHUSAHHAI730 wppm
or less, for exanple about 30 wppm or | est; about 20 wppm or | ess, about 15
wppm or | ess, or about 10 vvppmor |ess. In these two-stage units, two
hydrotreatnent and/ or hydrocracking reactors can be enployed to share a
singl e fracti offattercan Fpreingpdd afeoms fragion ied & preduct fidstipb srdas adisseland/ or
hydrocracki ng ;%%@Q?wﬁ@@qﬁﬁr %kanv&fa@@lnt:;@ wapé] of Bls, Vd?le%ﬁ)l@:fboﬁm Wipwi ged val |
colum. The effluent delivered to first volune can be fractlonated
into at | east EtoqulahsivEwnT ¢raess:ios h@uamvmordﬁsmﬁwéw pglef erbadinggtitens.  The
heavi er fraCt'QB@a@@&uﬁ%é&uﬂJ@&&&ﬁ&%h%ﬂﬁ&Qﬁn£&Qﬂ%§mh@ﬁ&ﬁb@@u§ﬁ&%WoﬁQe

hei ght of the dividing wall, while the lighter fracti'ons can exit the
fracti onator flovesule (dissakbeiliprrdcdprogycit he fractionator, above the

di vi di ng wal | at 1,8@skho! t bot t ons
fraction and aowggductﬁfractlgﬁ sucCﬁ%%Bgagﬁgggﬁﬂ%ﬁﬂorﬁ&hg%ﬁsg fraction.
At | east a porachigyrdot Prdventiperoiveyde foridest f@awh%bot@émand/@r rprci(disenid
hydrotreatt ner‘f‘iacé&gé)%rf tﬂaléwoﬁ@frgc%lﬁhﬂ& VoRART B prolRet ARENInY rei@lvely&B5E. @

portion of the product (diesel) fraction can also be sent to the second
reactor. The effymoaéﬁmcrﬂrﬂ@@mwétos@elamofwé%pbgas ehfragtivan fyexpadesedct o t he
second vol une c%flce}rh&n%c‘fddgﬁfbdﬁ@ oh o?&ll leﬁr%d?i‘ia(ﬁgé"@ﬁA@-fr Ijl\?/@%mﬁo\ﬁ@dsadd' tional
heavi er fractions and one or nore ter fractions he at l'east two
heavi er fract ilBydvertyeRT mhries%%er@ﬁ@tw wgs IDthoir G1eRes PCPLESZOErdRLn32 - 4

reactor can ak%meﬂﬁL&Qﬁm@e QEJQMEIE&@%@bQﬂa@RQn@m&k@GHﬁﬁmmﬁ%PPNRBAmSUCh as
a diesel product with a sul fur con ent of about den1or ess, for
C

exanpl e about 22GMRpHMFYr PN Sdugiien Gin begedysprhingror shilaperitedudingyppm or

less. In this &ypsy Singalthaddd @it colttie:s 8 SRAIRRST. VlQ'tle”@ﬁc Afentob@ndhiviided wal |
colum can advanta geousl y enabl e production of a |ower sulfur (diesel

boi | i ng range) ea;%tr?om%tn of thgdeBymniren dedisgyelumg pethe flividedpell srluwy sadiy a

further inproveiente SROnOS drAehheNeddBYhyRIGYRBEIE Ity TIRGYI®IE: Rim Bioduct
fromthe bottons and/or product (diesel) fraction(s) of the second

fractionator VEACIHREAN hep Bssert s $e secpil lumery thedragtipnptary Tachpdps from the

hydr ot r eat mentscand fi@dtio MM REMRE Kd Wi eiOfirc YREWAIN &ﬁ%c%l&d fAACLLMNGe hEQY
exanpl e, one concern_ can_incl ude roductlon of pol ynucl ear aronatlcs

(PNAs). PNA cérpsanefdhs iniigh fed It%n%rbc ﬁ?ﬁ)@écdfaaéléanaé%ﬁ%w&? IPACHRRESHESS tohei r

structures. PRRCES&HEScaML! Brii§FVY EBIMRENGAE: FRNIAD e hQEYS B8 oMidd Pl € times
can lead to increased production of PNAs. In an enbodlnent PNA production

can be reducedméﬁdWHFmWPfﬁ@éP@HPﬂﬁFWémﬁpéﬁmﬁéﬁﬂﬁﬁhﬁ %¥1s by using a

di vi ded wal | e@maﬂgﬁﬂﬁm@n@qa&ﬁkmﬂaﬁ@NAqIn this type of enbodi nent, at | east
a portion of the bottonms fromthe first volume of the divided mall col um
can be sent tdV4HE sedbheriion ot e alave ATLAEIGY ORI oflcbsbidimsackiget or |

The effluent f&einthigss a8 BEh BYdr6@ kI ADRILS & Bntih@ouk NGuig e&eREmYAl bae of the
fractionator. The bottons fromthe second fractionator volune, however, are
preferably noPPBEHR P uspghyreccking and/pdsomssigafiop sWes Bidsa erntipyws [ifyid i al

feed need not cmmafﬁ@@s@@lma@lwntst Ok 2 hidBiSeatc bbikdnd RRGEH @PoBérawds i n the
second reactor. This ty odi nrent can provide the reduced cost of

using a singl &ragt P&&m@ﬁamthf 6%1 HaGhignaiprveluge APEFBEREERERGE D dcess, whil e

al so reducin g/céﬂtﬂﬂhcﬂls Ziqing ViR bheiti c@ire@fice ANASouh QI hddrbgended @ kdgrb&ss N t he
above enbodi one or nore of the hydrocracking reaction stages can be

a hydr ocr acki e sIn£9BU PR Y dOBIETSHOS HR2E T S oP BT RACP YRIBHEY "R bt | on can
be to use a thifl@&lS@@chgﬁ@ a@BEnQ6usi 1B 0IIBhAZ 3hviRAmShtagebdd BrmedGat dnnuous

i quid environnent reaction stage for a h%gkotrgq%ed bot.t onms fraction
(or ot her heaf}%}("fnfa Y Eﬂw “iﬁn@d%@d"g%%nﬁlémfﬂug HE Y SAPSFS IRl une. A
hydr opr ocessi RgctshaJehus th@arb@it dMyotdger degiliicd cQIDE reQREE BE 2 adRakiROCEst he
anount of hydrogen needed to process a feed. In contrast to a

hydr opr ocessi ng stage in a gas-phase continuous environnent,

hydr oprocessing in a continuous |iquid phase environnment can be perforned
wi th an anount of hydrogen conparable to the anmobunt required for the

hydr opr ocessi ng reacti ons. Thus, the amount of hydrogen required can be
reduced, as a substantial excess WD 2012/012088PCT/ US2011/041732 -5



of hydrogen is not needed. In this type of option, a feed can be initially
hydrotreated to reduce the anmpbunt of aromatics in the feed. This can reduce
the required amount of hydrogen for processing the feed. Optionally, a

hydr ocracki ngW&A8g&1 Wt h a conti nuous i q§u d envi r onmentPEAD2HIEH Be

i ncluded after a hydrotreatnent stage but”prior to the first fractionation
vol unme. [00151In another type of enbodinment, nultiple reactors and a

di vided wall colum can be used to produce varying grades of distillate

and/ or gas oi | olppeaeerisngjmeged. elalu@éa/p%%qpﬂom it feddenn Bmindintholidmsisetcd the fir st
reactor can i nghydencQRRuof BRSO LalTRE Mn BNAL B rONHEPEIRRKIMNg St ages,
in order to provide a feed with suitable sulfur content, such as a sulfur
content of abotidragen (g piereing s deeds Pptinelpgihadragatkingatreapihn sontineass, about
20 wppm or | esggqui R0t énniat WRREL 8% mlc@a&,au@fa@a%teatmnm@m nbﬁ%she Fhe
effluent fromthis reactor can be sent to a first vol une OP di vi ded wal |
col um for fraéctionser ¥umeFhe first vol une of the fractionator can

advant ageous| yjopygducenahoth§ast o@cr%&ﬂ%ﬁ n(ﬂtﬁ;ﬁ'@x%!u)lor@ 5&9& al%ed \@alp&qm
fraction, and a lighter fraction which can exit the divid col um
from a comon §BbeihEd tonteduse siviee g*(ad‘?sé@é!sf)lﬂaﬁ?@é@ifé%Oé@FP(Eétqgﬁﬂ Ip@usp@ for use

as standard diggely, {idehn QhbdiBYont, R AQRSY cANRLIIR I Fe Qﬁrﬁ&l@w&btyedm%tsubj ect
to further proceSS|ng/treatnent ‘before being used in fu applications. At

| east a porti cHIST hdirerasking slagestip arder Omrevids dtf??émlwesu@#ﬁsuifer @nisale Hisl
reactor incl udisRgyaureaid ¥t ieudMWapphitg 18t %d&ﬁ& hnatd o&ppr@oﬂggstab% of the
product (diesel) fraction can also be sent to the second reactor.

Addi tional |y o0 vaIPfettdess.ebqut 1§ repm ek lshidot gt peaer &pt-i BisalTugnt e ude

ot her stages, iBidedctBScalBeEQt leat-iRBiume Y JURREAGKI BdumARE @k sHofrh&i shi ng
stages. The effluent fromthe second reactor can be sent to the second

vol ume of t he HFWPHBE o (Taelongtican pheHAEwEsh PRUEHE Fras PTogrc bdF€. in t he

di esel range, ftbiis, €8stonBIMblon] ShdRIQEUE trh@On QhicAbar d%‘(ﬁf‘eﬁc ENd& WA L ldiesel
fraction, a bottons fraction with i mproved cold flow properties, and a

lighter fract it &M tIhe podest (digreld fagiiop C@blmﬁﬁabﬂer 194 a3 s

vol unme. I n thidgséliRe oothaye BRQBALINERM lest PR kb, b&ABIOIS firthe€OMbi Nati on with
the divided wall colum can gﬁgduce at | east four Léées of dlstlllate

products. The PHEFRIUStEC s Rchdnesef indeq! arpticafiogs edldrashs iRt of then ar cti ¢

di esel productbolied MEibPh MR Be 6k & o doid PraeREME IS h BMt@YiiV®waling he di esel
product, a vacuum gas ojl product as the bottons fronlthe first

fracti onator VERUMEPICRHMehPoBeN of Bripdishidfcyelbiéacten taai3ise bagenafp theecond

f eedst ock), amnehc@r.VAGLEITGAS: aQbhatBly OB Gootdd rbdbtdr OB §pvieshl§ it bt properti es
as the bottons from &ﬁ%§012/012088PCT/U82011/0417 2. 6 the second
fractionator VEBUNECT BHIYERUEHEHEY: HFtcEREne-yn e lydiofigishiae piagest Lhg her

processi ng as cHlubatlenbas Qa%blﬁﬁjéécmr E@el(ﬂfss%@t&&i the %éc@@&@dlurﬁe anheabadi want, a
f eedst ock processed tem

n ction. s t ncl udes a d|V|ded wal |
col umm can be® %“%e&’é‘?‘b PR TGOS laﬁh@ocg?srﬂ; AR BISEn Pl Prodadionapout
400F (about ZGﬂﬁ)leastfd@I’arcﬁlﬁafépJI @adion) SRstbmahadtion 450 mpbawbld2BAC) , at | east
about 500F (about 260C), i %t |.east about 5§%F &%5 h 288C), at |east about
600F (about 3PERy NG lighies pctiop it coassi e 4hatr vsH se) umnAfafm?oaﬁaqw y or
alternately, baeméeﬁus$Q@koﬁaﬂmhaMﬁtawhwa&hmb@nhmﬂgnmmbquﬁﬂwabaum 1200F
(about 649C) or or exa e about 1100F (about 593C). ess, about
1050F (about Babestoa cpraeli Gt B6GHes aBob-aaats ol disdleafoinnr  o00F
(about 482C) odnih@sd.a dFdséltﬂﬂ@j’uctaﬁidarttlmabﬂ Poddtt lﬁbﬁl@ﬁlﬂ}&bﬁdd}épld’[ﬂw f eedst ock
can be characteri oint re U|red speci fied
per cent age of PP°RE “rseféla‘){“’ﬁ?)ﬁ‘ éi%éﬂﬁ’lmgiuat hE P URBE MR Cﬁ'dégktfquﬁmggmﬂoi | at
| east 5 wt % ofhedirdt @edionsor efwia @dich@o@s optiondlhy’ be3itdbilarg ap®Tatfcedbtocigne

ferred enb t. the, feedstack 5 boi | t of at |east
Bbout 400F (aBot Doy FrouRani B ar | SLCr Py BRnt o RROh 79920, ac

| east about 500F (about 260C), at |east about 550F (about 288C), at | east
about 600F (about 316C), at |east about 650F (about 343C), or at |east
about 665F (about 352C). Additionally or alternately, the feedstock can
preferably have a T95 boiling point of about 1150F (about 621C) or |ess,
for exanple about 1100F (about 593C) or |ess, about 1050F (about 566C) or

| ess, about 1000F (about 538C) or |ess, about 900F (about 482C) or |less, or
about 850F (about 454C) or less. [0017] The feedstock generally conprises a
mneral oil. By "mneral oil" is neant a fossil/mneral fuel source, such
as crude oil, and not the commercial organic product, such as sold under

t he CAS nunber 8020-83-5, e.g., by Aldrich. Exanples of mneral oils can

i nclude, but are not limted to, straight run (atnospheric) gas oils,
vacuum gas 0|Is denetalllzed 0|Is coker distillates _cat cracker

I o [T N o, T -,



WO 2012/ 012088PCT/ US2011/ 041732 7 [0018] The m neral oil portion of the
feedstock can contain nitrogen-containing conpounds (abbrevi ated as
"nitrogen"). For exanple, the mneral oil can contain at |east about 5 wppm
ni trogen, bas¥® BRUBBRI  wei ght of the nmineral oil conpdHerS2PPEIBr abl y,
the mneral oil contains not greater t han® about 1.0 wt % ni t rogen, based on
total weight of the mneral oil conmponent. In general, at least a majority
of the nitrogen will be in the form of organonltrogen conmpounds. [0019] The
mi neral oil poihf psANbiFactipraior selye ok chionld appnababe sritelinfoifither processing

sul fur-cont ai nisndukcyaraads (abbreviated as "sul fur” or "sulfur content").
Such conpounds can typically be present in the mneral oil at a sulfur

content greatef. han,about 100 wppm often greater than about 500 wppm or
greater than afn_t_U‘ou 1 wt% based on total weight of the mneral oil.

Preferably, th@0&ell f uringormeetimeft, 4 kelstwthpoedssediil a whdton sptenbédaignéateer t han

about 6 wt% py &if/ ?%%%Cé’gﬁ{‘ d%h%@& ?&ﬁ&%%&%ﬁ%ﬂm‘}b& K%Ipcﬁ RABRY: 131 t&h%t al- wei ght

of the m neral Irtronally or terna mnera
f eedstreans su400%fb<ldbo1ﬁ 8p4°(s doricarvigle iiderst cé)ﬂineldi)"rfdmwcslt ERAChH andenst arb@m about 50

uppm Lo, about  SRGORRTRPLY LARE AT 86 AblA-ARRUL, B0 WA ke BRAUL 2000

wppm ni trogen or m n| roge urt her
additionally 0?16%@1; erah behst Rigout 6%@8@1’%@@%"@ uAdtatmbr@llY olraltametctyeﬁlelfwdﬁ@nk have

from about 100, t r out 200
wppm t o about C%H%%]O fﬂla%ﬂ % ?613}&84530 gérgg bl 64%@)%%%@?& cr)¥)éz{) bgg 000

wppm sul fur. [UOQ‘T](MWV%P@US lessrbbait h@eﬁ@flé(abqﬁutﬁﬁ@’@ nlvlefm dbont, 100®f’§ (fwet can
additional ly d such
of3gahtefaa 2 Ssz\éuﬂdaﬁ %g} )%energ]lrﬁl%%ﬁﬁ'aﬁaﬁfy PSSy

as vegetable, aninma and/ or ese ogi cal
materials i nclthﬁj@edﬁ@gb?@&eéhfﬁ@m@ﬁ@d bysthe h@iilmmfﬁa‘t@ﬁ@i ﬂOé’Ollﬁﬁ@hlﬁ@dl s,

pyrolysis oil %crc%ggeadf% Tédl @b aﬁ%)ﬂe Sthe R %tlu}e ie® f@%ﬂ%ﬂkéﬂ gfwt%"b?g

materials. Mre specifica i pld terla I nc es one or nore type
of |ipid corrpdemid%refqzticiéimlwé‘% obmldng neme knyopp erfarpd pinbrdigénsdhe @olspokinds t hat

are insol ubl e dnymat, q{S ’bo@ﬂrlg p§19t| df Q{ lgas't 51)0[1{)4[“@51i @LEO 964"&?&& &%}lﬁ%lggtt@dst

Non-limting exanple such solvents incl coho

chl orof orm al2R§pt 4%5&@@@%237?5@%% dbaﬁéo‘é"ér{ﬁwﬁﬁﬁoﬁﬂsaltlwéfr?éétlit55?@022] Maj or

cl asses of l'Qéb@ﬁt28@sécfug%dslbdbdgut%b@’lﬂ%upﬂ%e@)sQtrlédsyabl)ﬁtr@ﬂ)@qagogt 3fz8¢yy acids,
gl ycerol -derived i

I ncl udi gﬁ%n ats, oil p @g
sphi ngosi nederf ?f‘é‘éﬁs‘l 4bBiﬂd3§5 T (AU T2R)- ceddisinnelbyeor a&@??é@vdbq g tOdga?‘ﬂilgl i osi des,
and sphi ngony ¢lkdidshly have a T95 boiling point of about 1150°F (about 621°C) or less, for example

about 1100°F (about 593°C) or less, about 1050°F (about 566°C) or less, about 1000°F
(about 538°C) or less, about Q00°F (about 482°C) or less, or about 850°F (about 454°C)
or less.

[0017] The feedstock generally comprises a mineral oil. By “mineral 0il” is meant
a fossil/mineral fuel source, such as crude oil, and not the commercial organic product,
such as sold under the CAS number 8020-83-5, e.g., by Aldrich. Examples of mineral
oils can include, but are not limited to, straight run (atmospheric) gas oils, vacuum gas
oils, demetallized oils, coker distillates, cat cracker distillates, heavy naphthas, diesel
boiling range distillate fraction, jet fuel boiling range distillate fraction, kerosene boiling
range distillate fraction, and coal liquids. The mineral oil portion of the feedstock can
comprise any one of these example streams or any combination thereof, Preferably, the

feedstock does not contain any appreciable asphaltenes.



WO 2012/ 012088PCT/ US2011/ 041732 -8 steroids and their derivatives, terpenes
and their derivatives, fat-soluble vitam ns, certain aromati c conpounds,
and | ong-chai n al cohol s and waxes. [0023]In living organisns, |ipids
general |y ser WO AYXHE pasis for cell menbranes and as aPYGTHFNIE 4+ izel
storage. Lipids can also be found conj ug'a? ed with proteins or

car bohydrates, such as in the formof |ipoproteins and |i popol ysacchari des.
[ 0024] Exanpl es of vegetable oils that can be used in accordance with this

i nvention incl [98&8] but Thermingrek oil fortanend the deer siprksrare eonfadmmgbgep-conthiningoy bean
oil, coconut o} Ll s (o] 5 W i P o Tl I

li nseed oil , t%olnipogﬁmbg%?ﬁwgia% ,m%‘géf‘?n&'r E%)Iielx %}@lﬁﬁ?ﬂ%ﬂ J,a“ jc‘%?%ﬁgt IR
olive oil, fl a3suevirn nitregarebaseteongplal waigt bl oewncsil pil coravaesuPoiarablt.al | ow
oi | and rice bpamiRkd ol E(%l?ag@n\{ﬁg@&t@rbhzﬁ a?bdtsl.OﬁﬁiVJ ﬁ{l‘@eﬁ,qgséd%nmﬁﬁl%eq%h?@fq al so

i ncl ude processed vegetable oil material. Non-limting exanples o
processed vegehapinsrappil copppoagitaln gepvthlugideaptayrpajorgy poibe pifdednaritlye scthe al kyl

esters. Al kyl g§h6fsedbRibahl ¥mbolmhyide C1-05 alkyl esters. One or nore of
met hyl , ethyl, and propyl esters are preferred. [0026] Exanpl es of ani mal

fats that can 981%sed The nieeralradawd@nwl thl feehgodkiwib tipica y famtliude, but are not
limted to, bes%ffut%_%éta(nﬁ&l Joﬁ%undppagbrfe@i te& L%@gl}ur” {)}“%ﬁﬁ% c&ﬂémgf S&Jﬂl fat/oil,

and chi cken fat. animal fats can be obtained fromany suitable source
i ncl udi ng r est@MPas carirpipadlabe prestitimtthaninpakll 4tpiseldur cprOOP ZicMni el fats as

referred to hes%s&mo@l@ﬁnj&&%]g@%e%%ﬁgﬁ%og@}éﬁggfe%tﬁalta%& FwhRn-1imting

exanpl es of processed aninal fat materi al fatty acids and fatty

aci d al kyl esthapes onpptidyreighs pldpgmingrsi eib] Rrofeiaply) el eul@1 c@pngpdpt mimstabeis, One

or nore of metiyhot Rihler tBRIRE ORY,, RSLEEIS Bl Eoal 818 LERH4 wi%, based on
total weight of the mineral oil.
[0020] Additionally or alternately, mineral oil feedstreams suitable for use in
various embodiments can have from about 50 wppm to about 6000 wppm nitrogen,
preferably about 50 wppm to about 2000 wppm nitrogen or from about 75 wppm to
about 1000 wppm nitrogen. Further additionally or alternately, feedstreams suitable for
use herein can have from about 100 wppm to about 40,000 wppm sulfur, preferably from
about 200 wppm to about 30,000 wppm sulfur or from about 350 wppm to about 25,000
wppm sulfur.
[0021] In various embodiments of the invention, the feed can additionally or
alternately 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
waler, but soluble in nonpolar (or fat) solvents. Non-limiting examples of such solvents
include alcohols, ethers, chloroform, alkyl acetates, benzene, and combinations thereol.
[0022] Major classes of lipids include, but are not necessarily limited to, fatty
acids, glycerol-derived lipids (including fats, oils and phospholipids), sphingosine-

derived lipids (including ceramides, cerebrosides, gangliosides, and sphingomyelins),



[ 0028] Al gae oils or lipids are typically contained in algae in the form of
menbr ane conponents, storage products, and netabolites. Certain al gal
strains, partlcularI¥ m croal gae such as diatons and cyanobacteria, contain
proportional | WG 1#8%el s of |ipids. Al gal sources for PHEUSIGAE’H | s can
contain varying amunts, e.g., from2 wo%to 40 wt % of |ipids, based on
total weight of the bionass itself. [0029] Algal sources for algae oils
include, but are not |limted to, unicellular and nulticellular algae.
Exanpl es of sudFoup gubiheindariyaeres pradopmyied deg ritigpso firjalible HismdrsorsHinophyt e,
tribophyte, gl adseRidshBoutlland RhaChH ARG GGk enoi d, hapt ophyte,
crypt ononad, dlnoflagellun1 phyt opl ankton, and the |ike, and conbinations
thereof. In onlW08¥bodi Heiving Oagegﬁélsfiwrdswwmﬂytswe@61%\%%@ f@?ﬁbﬂ@@h;ﬂ@@ae
and/ or Hapt ophyiqas aﬁﬁﬁlcdffﬁlc@stox\fg 391;134 &i‘l%gggg) ESIA@&%R%%@»AVME&C% or SPeci es
can include, but are not |imt 0, | ori s ol ecabundans cenedesnus
di nor phus Et?@K@Wﬁmﬁ%ﬁémﬁ§mihh@éb@fhﬁ??ﬁ%ﬁ%@ﬁP@ﬁphﬁﬂdwwdﬂﬁeurochryS|s
carterae, Ply §4un1p@{ M of ELLAS & | S
rei nhardtii. nFm JO]Thezlg)égtg%k gghﬂ%n?ﬁ%ﬁ%ﬂ§§?§ﬁ%%“%%%ﬂﬁ%gm§
f eedst reans bagedtighingiude bnpenentimgediocessceiirencldesli yogbkan phecof@mtioiban
include at | eaghnahouh, ;leowpmpﬁenie@sﬁ spl@ gh Bilscla | B L 2A0PRg 016 8h AgUr ce, for
exanpl e at | east about t east about 3 w %
at | east aboutoibjajippha Oa}uowéa@ltl Oézbwt ﬂwev&i% C@meha@ o, eafﬁpwabxdubabwuml% I'n
such enbodi ment,g,w Lihsdfeed.gaQ additionally or alternately include about 60
wt % or | ess of bloconponent feed, for exanple about 50 wt % or |ess, about
40 wt % or | essl002%] aboVitec@blowilossarleirekis herom cat bey indlntioutpavesst sggctahke odnount
of bi oconponent,feednéErd o] [ t ortion
of the feed) can be rel ét?@%g e QC?EB§§§§‘@g%%%ggh&?gﬁﬁhﬁﬁﬁgéﬁ?h&%§
i ncl udes at | eddfatypeidelkgl @tOWt Wliafl efters twicalbkinpaded -Graly! bitos ofpoment
source, e.g., @bebfAshyidRHland Des@ls ok BASE@pout 2.5wt % or at | east
about 5 w % Inrguch enbodi ne P%%fés Sdfﬁg can additionally or alternately
i ncl ude about [9826it % dixamel@softﬂmrhﬂl Geoihpone it ushdBedcddadsytictg ifvontiopxanpl e
about 15 Wt % qf il RS§ix t %
100311The blocahﬁonen?é gyﬁl&%ég%{f%&édﬁﬁ@ mﬂgﬁgﬁgﬂﬂﬁgﬁﬁﬁfgﬁﬁégﬁﬁfﬁg|ud
any of those olg @Mhbdﬁpﬂm@@Hp%wmdwumwnwﬂmgmy@35muébsandnhﬂeéngatty aci ds
(FFA). The trh&&%ﬁﬁ&aﬁ@ﬁmﬁ%ﬁmﬁﬁﬁﬁ &mﬂkgally contain aliphatic hydrocarbon
chains in their structure having ron1 to 36 carbons, preferably from 10
to 26 carbons,[0§25 exahpmdfﬂs@nﬁmﬂEdwP@@HUdmbmﬁ@krmypﬂsi@ﬂmMﬂMgmyﬁarides
can be deter mpge t tt
acid constit uéﬂ)t gm‘g}g}?{;o%(gﬁlplgs %ﬁ%r&c@%e& cufu%al th dﬁ”%rgl ﬁxglgaé h@:ﬁ:lés dtnd}-ttg aFc]:g (&)
anal ysi s. Th|§mahakv$Mﬁkﬂﬁvgt%@sMEwtmméi@ﬁ@sﬂhﬁeﬂaﬁ @nc®ummwsanNﬁfylng
(hydr ol yzi ng) hoe f ing an alkyl (e.g., nethyl) ester of
t he saponifieé P aiyréwfﬁ%T SB§%$%?nlnlng the type of (methyl) ester using
GC anal ysis. I[#028he erBigdiotentljpid drmtymcallty;commnei in a@aemttkaerfotrhaﬁ 509 of the
triglyceride W IR pI LS, d of Cl0 to C26
fatty acid coﬁ%ﬁ?gﬂéﬁygfkgg%‘ zl% Prot &H f& g%?l e pr%ggnrmlh the lipid
mat eri al . Fur phréigylarly miIC'roglgy@seuch d%dwtsmaandtﬂymmerhamnm@ aostrtianetykigh
identical to | e acids. Thus,
al though a tr%%?ygerl%% gg%%? é”%gxgﬁﬁgggggngmyﬁﬁﬁprlséﬁ’df ?att
acids, it sho@l“d%b@4®w@épéhm@db49h®@n totaéWélahttOftFaquﬂn%Um‘pb‘nent does not
hecessari ly Cfdﬁé?bn a ARl ?o%%(&él o? Ellagel (Q{SI qxgi.e e not lm%lFed? unlceI[T?dr aﬁd

maj ority of t ceri des prese I"oconp
multicellular algac. Examplcs of such algac include a rhodophytc chlorophyte,

heterokontophyte, tribophyte, glaucophyte, chlorarachniophyte, euglenoid, haptophyte,
cryptomonad, dinoflagellum, phytoplankton, and the like, and combinations thereof. In

one embodiment, algae can be of the classes Chlorophyceae and/or Haptophyta. Specific



WD 2012/ 012088PCT/ US2011/ 041732 - 10 - feed can preferably be conprised of
Cl2 to C18 fatty acid constituents, based on total triglyceride content.
O her types of feed that are derived from biol ogical raw materi al
conponents caWIMNBYWHE fatty acid esters, such as fatty MV @HIRYI2est ers
(e.g., FAME and/or FAEE). [0032]Bi ocoi npo%em based di esel boiling range
fecdstreans typically have relatively low nitrogen and sul fur contents.
For exanple, a bioconponent based feedstreamcan contain up to about 300
wppm ni t r ogen, SPPEPS Q@R Espide buppre potdindiad o1 Verchisife ke driedsen Scamdtsend of

ni trogen and/ %msﬂéJhLu gt rRilidTRR Yoo AR RO AL O LA TPRIDSBA i e PIeARO rrponent
feeds i s oxygen i oconponent diesel boiling range feedstreans, e.g., can

i ncl ude as rrucﬁ"é@eséﬁﬁblﬁﬁ”’ll?ofi@“éﬁ/ﬁ%Wygwhlwxﬁoﬂ’é’élﬂbwwa’@dl um as a
Fractionator [(yg3@l!n v&r&&%cﬁm%a&i@ogl§lng§m%n\f§ &q&dm@éains 6akypn can be

enpl oyed as a fractionation tower. di vided wall colum can contain at
| east three sepegoaPanabiUrres. W@i@e@fedt%@fe%mﬁln@@udeslt ase alvarb® | voYowire,

typically | Oca{fe&fjoag&ivﬁradm&clafig&&& Rlirct 16 &h%ﬂ)lg%qcé@@!bloutqpé WOM - LR b gﬂl ni ng

vol unes in the divided ol utm can represent vol umes separate
each ot her by bWl ghshgbanbl W% rihiask abqup by t%eolt ingeabet &0 &%, Cifﬁt ipgsiplput

communi cation iy, qachhQhBEdim¥i@ tﬁeﬁ@ed%ﬁ@&%&o‘ﬁ@l'ly“&%lterh& YRfude BEIE 63 €UM
fractions V\nthasufflmently hi gh boi | i poi nt" shoul d |caII not be

abl e to travelVifportlers oEPepmPORAL e%éqnfeﬁ%m neboHE o erdess elﬁ 49h‘é % nmon

vol une, for e&@s@}’dr%b&@@@w@%%ﬁ&&s' Yebtfel hd6lihRRthdihdubCorReibab S dd@act i ons
by boiling point. [0034]1n various enbodi nents bel ow, the divided wall

colum is desdrEbEd casroresingy b reatioH PBionwétha fgdt s be efpively s@aliol urres.

However, a di bdgdani@lvich @oded i GOMEM 2139 DRV E 5 Wit @8 (Rdsi R b8 BRAT at ed
volumes, so long as there is at | east one common vol une shared between at

| east two of tHREOTBYRAEOEES\E thise! At hy Cheihipay b Pyt ot lsshahost ed

vol unes. [0035]Jibe IM%dﬂ%ﬁo&i&@nt@%h@ﬂééc@dﬁg@S’dmcfhaﬁ’g,né(r HOMhGUEAdeQBot OOVeni ent
for the desired fractionations. One option is to have each of the separated

vol umes occupy"trotidfi 9f té%ﬁﬂ%ﬂpoﬁéﬂ?ais%f%edé‘lo‘# AR IR e RRPUS Bt ot lessgibodx anpl e,
a divided wal l1p6adsmesWot bty Bepatat ed areas and one common area above
coul d have each of the separated areas occupy roughly half of the | ower

portion of thd0@3Ni dedhgdiocomrangricedsisgplp at thg pregengiinyériied camdndludedrypn wi t h

three separ at gghs@iBRR &Rt sE phaX ey 8RR SRR A Ak Q@) R71sPEEAPYHAPPT OXi Matel y a
third of the | ower portion. Alternatlvely, nore than one, or each, or 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 14 to
22 carbons. Types of triglycerides can be determined according to their fatty acid
constituents. The [atly 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 C o to Cae 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. In one embodiment, a majority of triglycerides present in the biocomponent



WO 2012/ 012088PCT/ US2011/ 041732 - 11 - separated areas can have different
vol unmes, which, depending on the conditions under which the divided wall
colum is operated, may be proportioned relative to the amounts of each

vol ume expect &P 2010H¥8Y I n vari ous enbodi ments, the posi t¥GAUBIIOHE] vi di ng
wal | can be any convenient position t hat!¥-eads to the appropriate vol unes
for the separated areas. For a divided wall colum having a roughly rounded
cylindrical shape, one option includes having a dividing wall that
corresponds t ofead eingrrierably B¢ canpaisedat Gnmio CahfrEhacibinditgnideased endetakepar at ed

areas W th rougflyeRQUaket OOHIES pes AN AL Bt SPLRBI B bR ahAWI Rfe-A di Vi di ng
wal | that corresponds to a chord connecting two points on the circunference

of the roundedEHapEtTRn frslugde fitts agid sesisvbas Hipigoid slighisierstas FANME of the
rounded shape, yfdhsakgadi ng to different volunes in each separated area.
Still another option includes have a dividing wall that creates concentric
circular vol un¥83%lor tBieceearnibesad giorl boheg rangwi fbagstiqams sypiselly kaved t hat
roughly rounded,gylij odrdic@en SRERES: Rh&nkr ?(fr%&e{n%je,fa%ch&rﬂﬁon%?ﬁtb%feﬂal shel | of
di vi ded wal | colums, the above placenents for a dividing wall can be
equal |y appl i eledstoasptanpdaingn rr§othe osmapesen. [@eaT Ilnumi abe ot ment , t he
di viding wall g¢am fia¥gnaieh@btnitdh altijd,sorts@lkdr, tﬁ@&f(i’ngeny E&et@&tbﬂ}@o&%ne_ﬁ_ﬁﬂn val of

two or nore fractions froma separated vol une w in the col um. I S neans

that at | east Ri9fSMPPaeat feerlsds exygen. dhogwaworankdigiet bpilingaangs hepdsircodb.wige can be

renmoved from a3 aRAMALEu@E fbouF I 1 EXBIPLBen. @ Separated vol ume coul d be
used to produce both a vacuumgas oil bottons stream and a di esel stream

that are mﬁthqﬁﬁwg?ﬁ&quﬁgﬁugg?%%g&ggnvolune at a location below the height
of the dividing walt. Tn one p enbodi ment, the dividing wall can
have a hei ght 0833 i s Isuffdus pehtdimenta bk diidefl orall celmpy ain efentpiuyedas aror e

the hei gnt of TRAH ol areg TRERF L S KA ol e P0G The
anount of contvahinrat Conoliest wederes tirecomuhdni voluenepty pidal byt lodated ¢owanh e prpoduced by
the colum. F . . | VI [ m..t h r di ese
fractions, thgﬁ%gggggé@Hx@gTﬁﬁgfﬁﬁgﬁgﬁﬁﬁﬁggﬁqéggng gggﬁf@gggsggel .
fractions of dpifrésententumysisippmipd vwchcleghahe adivebied wilk ddiivemounivelmes hi gher
amount of sul f.ur, Apg,a c%%&%ﬂﬁat%h%\ﬁ&'caiﬂ o%getr'vfar{hetc%ﬁnoﬁ%luﬁ{o! ERpBvdior €
stringent specification (i.e., having a lower sulfur content). Tn such an
exanpl e, it naytrdend@adtioabyieh 1 eiffidiently hishdodinppeint shpulépoplvaligeot bhattle becur s
petween the 1ulydhsarlcohhed b Acienl Reib AT feaSHAL XA EREAFIGNL O the
dividing wall can be sel ected to TImt the amount of "“contam nat'l on

bet ween the ftaseffestisely fiactgnating@agrolconr 2eg8RCyY Wsapi941732 - 12 -

[0034] In various embodiments below, the divided wall column is described as

having one common volume and two separated volumes. However, a divided wall
column could also have three or more separated volumes, so long as there is at lcast one
common volume shared between at least two of the separated volumes and as many as all
of the separated volumes,

[0035] The volumes can be arranged in any configuration convenient for the
desired fractionations. One option is to have each of the separated volumes occupy
roughly equal portions of the divided section. For example, a divided wall column with
two separated areas and one common area above could have each of the separated areas
occupy roughly half of the lower portion of the divided wall column. Similarly, a
divided wall column with three separated arcas could have cach separated arca occupy

approximately a third of the lower portion. Alternatively, more than one, or each, of the



enbodi nment, the dividing wall can have a sufficient height so that |ess

t han about 10 wt % of the product froma first separated vol une corresponds
to substances froma second separated volunme, for exanple | ess than about 5
W% |ess thaWo9B(H2088 wt 9 | ess than about 0.1 w% or TEIS2HEAHTBbout
0.05 W% The anount of contami nation allldwed/ desired can be dependent on
the nature of the product. For exanple, if contam nation can cause a
product to fall outside of a governnent-nandated specification or other
requirenment, t¥ve@RdMEsTgn wwlfﬁéqngmlure%nwt@eh slepcadipgan the cpidgons under

contam nati on §@icRERIRIed tall BAGRL id o?&%!ed SR pRHohiBR& LhAR BRRUMBnd W % or
| ess than about 0.05 W% Alternat if the deS|re to reduce

cont ani nat i on ?lSaduelumreEpssiado decrease in product value with a decrease in
purity, the di [‘0‘)@6 ng V\ﬁlvlarl(tlglcgl@&dlﬁlgllr& %cﬁﬁs@@d @fﬂ&&ﬂw@&@wﬁfca@ﬁ@ﬁ& economi ¢
consi der ati ons. In an enbodi nent, simulations and/ or nmpound
experiments cawnb@wasmumtmeheelsmﬁeamomm@rvebmcafoetlmsemamtwgmwa| Forfaei ght .

[ 0039] Addi t i ongl il oA &hmﬂmgIayouom@omwmmmcaféﬂ@p br}é' lif@intRhds can be
sel ected based on the location of & condensi'ng zone in col umm. For a

gi ven product [prgadeddingval Grspirpspends gna @mmmvftftowelueenweﬁkswa@dzone or
stage for the [QB(ngR’&OSQ até@ﬁéz@%ﬁmtro%ﬂlﬁlﬂgﬁrvolhh@ tAdoRfer Eﬁ%n%ﬂﬁl@st ed hei ght
of travel for vapor o i ven produ For the exanple of reventl ng
cont ami nati on f@éeaeéwumge\ge? thaticg@espeyils to seiorkqopirgting Hiowowisg t hei ght
correspondi Ng &QuhREnCONIRNSIGd ;HQLB@OJ t0h pfe v@d?@ﬁ{lol%ﬁ@-%hﬂg) t\V@f‘éhﬁi optﬁe
expected to limt contam nation to about 3 wt% or |eSs, for exanple to
about 1 wt % orroylsd shapg, thyp bpading tordidigront gplumesia, ea@rsem%at%%m S611@Bot % or

l'ess. [0040] Fuptibemciagddinhionglilite Vall tat GENALBh%nit faecmﬁlvgmnepfor &Jae di vi di ng
wal | can be selected inrelation to one or nore features of the divided

wal | col unm. Pepaasknppions: Whide 1 hgheves that rpaehly (oupded gy i lPalé%ﬁ’ﬁ’eib@e sel ect ed

to correspond REREREXHNES Sltdnd Ondihg dRRIc Va1 BELWRE helab& Rt AeObr 4 he col umm
and the height of the flash zone. Still further additionally or

alternately, tdhddipgprghtande egrdy aprbicdiorfgumes havgotbgsh@shond to the hei ght

of the bottomiggehi on 9, &ﬁﬁdﬁ?mdnp tﬁcﬂ@vﬁﬁé Wcan[l{a%lzulc\@ﬁ tkfa'tjfsttﬁqletfnou h to
additionally or aIternater of the dividing wall cango at

| east about  13YewforeeieovikelgHe Obmmte ﬁr@ctmnvfre@a soRgratedosiumervitinthe esdumpl e at

| east about 25%3Qficafid thhi@8Rhst ARPHLCLSREMat A8 Abt i@ A th 3B o vBlunRlchgEnat el y,
the height of the dividing wall can be about 75% or |ess of the height of
t he divided wamme@)lfram seffagedetaipoec g ls 2 B0YR6H volage coulbbritsed©% or | ess,
about 40% or | esiSee Wfih ARRMIM 3A%BIWottbBSSreath And ¥esel stream that are withdrawn

2012/ 012088PCT/ US2011/ 041732 - 13 - additional or alternate enbodi nents,
the hei ght of TOREhgPIAEd volne alcedpeatian beew His haiwbiaf theslividingall o opess, f or

exanpl e about pRGRBERKSIIREN @S SividBRAMI BPh{VBLAELShQhat hsesemcwabetmo@%met ers
or less, or about 15 neters qr |ess. [0042%I n enbodi ments where a di vi ded

wal | col umm i &Pl AT ey Bofe liastiofpfrem cashiadthemeparaedoiuditat i on col ums, the

di ameter of a|g3¢] ded &alokhcF Ghsdm&GR MR BEdEOEL §HdDE wall@hn Bd\8lected
Cross-secti onal areas of the separate volumes roug hi'y correspond to the

cross- sect i on&tsedprerntighing Hie amgppief enjléamlwla&Piﬁ&ﬁ%&th%wueale@m@cttfwa&wnar e

bei ng repl acedsodhdtd 3P (1REBRHNTEEL oxatPIe, if h ARt S&llicONAL e {;eéucei dite separate
vol umes can be within about 10% or | ess of the cross-sectional areas of the

i ndi vi dual f r S8¢408hate seprrH e \phees 5# brgrspkigIpardser tvedisagltiartpnapoditensos or

| ess. quality, such as one diesel fraction with a higher amount of sulfur and a second diesel
fraction that satisfies a more stringent specification (i.e., having a lower sulfur content).
In such an example, it may be desirable to limit the amount of exchange that occurs
between the two diesel [ractions. To limit such exchange, the height of the dividing wall

can be sclected to limit the amount of “contamination” between the fractions. In an



[0043] I n nost practical enbodinments, the interior of the divided wall
colum can include typical conponents of a fractionator. For exanple, a
series of traxV can be located in the divided wall columm to assist with
fractionati onWOS8HE 18 t he trays can be lqcated in the ceRONEHIRe. O her
trays can be located in the separate vol-dres. The tray | ocations and/or
spacing in the separate volunes can be the sane or different in each

volune. As an alternative to trays, any other type of internal structure
typical ly foungmiadiaent theckyigiparal caadiviresufficeunt haight po tat lpss o PPk ngs,

structured paclﬂ%lgﬁhe ?x’oh&%frorln'aqyit@e;ﬁ%yd%tuﬁéié&rres itk fol B HeSs frdnh gUI d and/ or
vapor col |l ectors or conbi nations thereof. The divided wall

col um can ad d?ef?f@ﬁaﬂdrd}edo‘@l“a}et o prernwiayloss ean gt & P Sr LegsyprneRputl Pe esnat or

el ements, suchp@asa@ufd. AR, 2908 AL BYSUIP - THREAGEA ONcdHRRdhdibRNS -
Conti nuous Gas Phase Environnment 10044]In various enbodi ments, a reactor

with a conti nudleycdjdesirprherade deppndeshorche natgaal hergded FOCxHyrle-ot r eat ment or

hydrocracki ng @htadid.8668hQ&kKe a Proilidt 6kta@ oBEHe bOALKQmbS-RIhag¥AMPl € of a
reactor having a continuous gas phase envi ronment. In a hydr ot r eat ment

stage, a feed PEHIBHOBYRSSE FFapEemenh st diarmbhtts strdiepsiectehigdimief f ect i ve

hydr ot r eat ment cog@RdialibPR S -motO @rig@hAk s sudhhs FesHHEE Molh.eRt TRNL: BiAGs can be a
conventi onal %drotreatl ng catal yst, such as a catal éSt conposed of a G oup

VIB metal and/BPud-UEdifp Allemalcheiidhe degii p avdarq sonigmnafonis diaBeEglydn a

support. Suit akt@asdwt gbsuctMlud Witd AdiGscalUl p@li® tRQiviliin vk B deibiR con@bal t
ni ckel , nolyb num tungsten, or conbj nat| ons thereg Preferred

conbi nati ons JRAAEIAEUNST APT RIENIRGIREPISHEr RGO M eSl?P‘tlalﬁlPteSI%lﬁlﬁb‘B’rst"‘gd/ ®an

i nclude, but af@len@impbinil dipdinidts cih bd &8d todeletfide @l Apptdpaiate AT NRall ti tani a,
zirconia, and coggbl nations thereof. WD 2012/012088PCT/ US2011/041732 - 14 -
[ 0045] The reaé‘tei conditions in a hydrotreatnent stage can be conditions

suitable for [pesyyci ngadaiRnsY! Jrilie:AOY SRS hedfht b Be HRRASIFQM bd f210RAY
enbodi ments, the reaction conditions can_include a liquid hourly space

vel ocity (LHSVSHBHcderation ¢f a¥opgensing gpng phe cadurpn. pior # 2ivan proglugt pisrlaesd ur e
from about 50@yRsii@i4RRRMA; He dMRashkink Qo W 30P0e PRt CAPRMesedPan/ MPag) ,

a treat gas cont a| ni at | east. about 80% hydrogen (remai nder rel atively
inert gas), an@PHli &t%@#at%@ectt%w alyEye! fsbopor( Msven gisdyctt odBout  800F

(about 427C). cknnpm@f PERAEI BkaRMGeH BIBNon dlche trﬁ@@ﬁt Isatbuﬁg)a@ltvtdlmatp an
i ncl ude an LHSV rom about 0.5 fir-1 to ahout a total pressure

from about 14 (SOHCPAIRRE t© Groropdsagye 195° gb&lﬁ@“?é@@“"é‘é’(‘@‘k‘(%ﬂt“ 3°8 MPag),

and a tenper auluﬁteottﬁamaabautab&@@ﬁn%ebwdt fo3 Eldalpld © BHAUtwTRRFesk, At 399C) .
[ 0046] Sorretl 0)1 reat gas delivered to a hydrotreat nment
stage having aMét ”?’?ﬁro’uéo @ggtﬂp e SASFr onment can be based on the

st oi chi onet ri ¢oeueNSs UNPLHRR a@fitidMEY Q98Bmh©Lyt MEhSEIRGhe IRUSag W4 QRSe
enbodi nent , the treat gas rate for a hydrotreatnent stage “can be from about

two to about PTIERCIR FRYEIOR feong oh RS fs&turﬁwr%féw %do‘ﬁem?éanﬂpe“ror BEPOE ef fresh
feed in the Slh@tglﬁof&teﬂ%@dl@gadvalhoﬁ‘ﬂrbgfsé’l&%dr’f@B&rre@% ge ;ﬁa;amﬁe SHR hEfeim about 50

scf/ bbl (aboué t o about 1000 scf/ about 70 N8/ nB) of

hydr ogen, dep ?ﬂyﬁwgt t‘&?&’r‘t%‘t?s”’f“&&‘taﬁiiéhelhﬁ'éll'tﬂflut‘i’dla%ﬁﬂnen@t st ed to, the
nature of thead@eshabesngeryelohe eagiedr thd Biv&ling WalSdd& BordRp@iaO thc ABiRk: of t he
treat gas rat ergtog)an be frrN%about 100 scf/ bbl (about 17 NnB/nB) to about
5000 scf/ bbl 8L SAsHONMEIMBY . tha 9lveHe preferred enmbodi nent, the treat gas

rate can be f{mpbouwet@uﬁerh@dta&out 0J41t\4adtetyrra§ ht@e o@fﬂéuntdtﬁg“by%@)gen
consuned. Note that the above tr tes refer to the rate of hydrogen

flow, if hydr8idetbeuidels Qfélﬂeét?1=§50fﬁa? ‘t“”@?d walhepdunah, fugrampRiG Midgpst Be¢ t han

100% hydr ogen2s% Beattideabo@asyd ateinf0ditibh@y oValcalalelgas nslh@AMCRAIRE

proportional I'y higher, 100471Various enbodj ments of the invention can
i ncl ude one ol'? ¢ about 75% or less of the height of the divided wall column, for example

about 60% or less, about 50% or less, about 40% or less, or about 30% or less. In



hydr ocracki ng stages that have a continuous gas phase environnment. Exanples
of nonnobl e-netal hydrocracking catal ysts can include, but are not limted
to, those containing Ni, Ni CoMb, CoMb, NNW and/or N Mo, with one or a
combi nati on oMANBNHBt er two being preferred. Non-lim tfURNARPIEs of
nobl e metal hydrocracking catal ysts can “ilAcl ude those based on pl ati num
and/ or palladium Porous support materials which may be used for either or
bot h of the nobl e and non-nobl e-netal hydrocracki ng catal ysts can conpri se
a refractory o¥idiionshet afsrngfe wrhofimeats dhe/paighhof e fividad wall eplipmcagibeiabept

ki esel guhr, di 24 Q8m6 8PS, VERadPleZfh0:di20BRRETI HRL 0B du1 99 hiéR% or 142 abo®@5 t D,
magnesi a, zirconia, or a conbination thereof, with alumna, silica, and

al umi na- si | i caMBE RGP eFabPYdd Mg Y& nost common. Zeol i tic supports,
especi al |y thejghagige PREbbAHLAS hES a IHERd 31 b mn a0 1A40 dnkQPAbLY or
alternately be used. Suitable hydrocracking conditions can I nclude a

tenperat ure frawiapsintiorsocoelemabfediseoo! adinget wykivlysren ap sgrciedsar e from
about 70 psig lﬁamos@s&uwe@%ast&mg;sa&mé&%&%@h(ﬁéa%ﬁw&ﬂoMP@&QSS- and an
LHSV from about 0.05 hr-1 to about 10 hf [0048] Soneti nmes, the anount of
treat gas deliVeitsd ¥%s phee Wguidelimeronaionstobis dhan beiparreldcash I e

st oi chi omet ri CenQRRSIAD e @Ps fcc Ul RERMF IHB sdiifcoBBRs call BéSvithiLtRRE 0%

enbodi ment, the treat gas rate for a hydrotreatnent stage can be from about
two to about frfeseelihs frasseneal airpurltthondinidat dgetirnaiicalvews pepe barrel  of
fresh feed in thgcslR0@hinABLMBYLRIsRYdr ocr acki ng stage can consunme from
about 50 scf/bbl (about 8.5 Nn8/n8) to about 1000 scf/bbl (about 170

N8/ n8) of hydP8tln, deperdrrgcdnmpetineus tedeeons! hadividsidng!l cplurniset
limted to, theanRlgiGl &mfoh&id §8drPRInAG: YHLLHIAC K G ics IPMSs cddhesuch an
enbodi nent, the treat gas rate can be from about 100 scf/bbl (about 17

Nn8/ nB) to abd¥f*dsnbe dsticd BBl cqluppinassgaathnfiomyon. (Semsréthe traysern bel
enbodi nent, t hecalct @dthe Ba8mb Ruk@OHRS txfa&@éﬁhﬁpméﬁteci QUfie deParABOMtimbd. Vgt | MES

t he amount of hydrogen consuned. Note that the above treat gas rates refer
to the rate of@hjRFprEYeAT I sIRcinerin Hy aerstmyolineg 611 Redhedmasr é'gﬁeten‘olﬁ cgehgas
stream havi ng Jbrss. han ala&&%@mfaﬁg@ﬁy othd &y e lof Rlicr@@SrlcAt bRt t gy er al |
gas stream can be proportionally higher. droprocessing in a Reactor with
a Continuous it @ Phedeemiff 6h Fertdon] mokogsorBbRdinskesr erisydiasisr ocessi ng
a feedstock caRd/beabé G@NAUGS 1iIE ahBRGLpARSIIdchrof BAGLObr dothbMAlish t he

I i qui d phase represents the contlnuous(ghase in the reactor. Traditionally,

hydr opr ocessi N tas! 5ebHdwardiretat PhaddiprieerBlemieditils ofipeyecdn excess
of gas resul t Srabibn@oCQBhnRIAIE 1gRRasRRa®NIAr § gy €actor. In a

l'i qui d-continuous reactor, the feedstock can be exposed to one or nore beds
of catalyst. TRR&HEAGHRMions AT iONA DasPrIQUaXIBigh&at al yst, which can be used
alone or in confunction with other types of catalysts, such as those
suitable for Hkdbt r edn vatiguy enlpdimdnisds waeeni withogenatioongas hfar otdorygenat i on,
and/ or h_ydr Od@%efdgéd i%laltl}!d?&)eatnﬁ}{p({r%%f@&gékﬂ%’of@@&!d&gcka?@tg@lglk B> I%QcttcHrl@tl on.
The liquid can enter fromthe top of upper "portions of the reactor and can
f 1 ow downwar d 2 BasRH ! e riactopbayingra, comijuguscRannivge enviroguénd fnladwdogmatesgi st i n
al I owi ng the catal Yl cinG o RBRLd ol ahyBloBERmbM ARG Gl ML ~
S015) 01 9068pC R EEd Fii S AR 0l BoRERmb R bl SRRSO frourcHRont

conditions, The catalyst in a hydrotrcatment stage can be a conventional hydrotrcating

catalyst, such as a catalyst composed of a Group VIB metal and/or a Group VIII metal,
optionally but preferably on a support. Suitable metals can include, but are not limited
to, cobalt, nickel, molybdenum, tungsten, or combinations thercof. Preferred
combinations of metals include NiMo and NiCoMo. Suitable supports can include, but
are not limited to, silica, silica-alumina, alumina, titania, zirconia, and combinations

thereof.



[ 0050] A hydroprocessi ng process can typically involve exposing a feed to a
catalyst in the presence of hydrogen. Wthout being bound by any
particular theory, in a conventional trickle-bed reactor, the reactor can
be operated sHOAMBOIIBF ee "phases" are present in the r e ERIIIAFHE2

hydr opr ocessi ng catal yst corresponds to-tie solid phase. Anot her
substantial portion of the reactor volune is occupied by a gas phase,
typically including hydrogen, optionally sone diluent gases, and ot her
gases such as W8A%lam nilmtregptiseeontiitians ig amydroireriroint stegy Chlyblfr@pdleemn:rbge The
hydr ogen gas | R fiidAse QRS Conlefy SR Elh PTIESER] o baSHAR! A01Bloex cess
relative to the anmount require aroproce55|ng reaction. 'n a
convent i onal t@mémpeuhedwh@aehmhdh@h@SgﬁtNdOMWdhb%Yb@@BSWWQOéétdbyst and

t he gas phase up r

exanpl e at Iea%?aﬁﬁgﬁt %%aggﬁggﬁewgggghéﬁgg&ge@ggefﬂg?&% J%&!hasgﬂécan
correspond to @h@np@ahﬁﬁgxeeaéeeeanmnealb@hmewt&Bﬁbﬁhmxnékm@nﬁed react or,
t he feedstock n {3 o s less
than about 200 Hor s AT A s Bty LA e L TR IS0 320, s o
result, the |i@edug43’deddnoekpramsechanboion, hegenstivmapadisonsivas eclufigat ead, t he

l'iquid "phase" @y bRAGhHASs Ol d%éﬁmtﬁ‘ tt%fbrgés&r%oﬂfabgﬁqg@ %aﬁ&l@t coat
t he hydroprocessing catalyst particles. [0051] Wthout bei ng bound by any

particul ar théb??H@@tPWﬁﬂfﬂmééﬁgﬁﬁﬂﬁdé3ﬂé§%®@ﬁdaﬁmﬁvmﬂeeh@“d?¢#embht type
of processing @yt §sAREEDLLAS 75PFRALEG 9@ a trickl e-bed reactor. In a

| i qui d-conti nuous reactor, the reaction zone can be primarily conposed of
two phases. Ol80Mfflase Soarwlites, shegoiont of heas sasalshivaseson ddrgireagmanh stage
hydr opr ocessi gy gk ahous ygse&haeccq thRlASEn 68BsOPorPnt LibihImpRaSe
correspondi ng to he feed: can be present as a continuous phase
in aliquid- ccmtlﬁuﬁmbersofrleé@gmm therstagey Bsod paeevbodinat, Hpdicaigenrathigta wi | | be
consumed dur i ngathe.da%gr egm%e%n%s&% 10280 & RS chS SQbMEHr 1 mtghe liquid
phase. Depending on the quantity of hydrogen used, a portion o

hydr ogen coul@Oﬁwgﬁdb@*ﬁhﬂwﬁée$@k%M©ﬂwb@E%h%§m6ﬁ“hﬂﬁﬁéﬁehmﬁhg?ﬁe-I|qU|d in
whi ch case 'tc%&%b@ﬁ%ﬁu@%ﬁ%ﬁ%gﬁ%héhmh@%Iﬂ%ﬂﬁﬁ@?ﬁbﬂ%@O@h%%Qi%ﬁﬁnhﬂ)the

| i qui d phase at apprOX|nate the solubility' limt (i.e e liquid phase
can be satur athg hmweegéppﬂdweton vagigup fagtoesdnclidingrbuimot ratied phlsi cal Iy

rather than Chﬁm&ﬁltHOYFeed' Halntgh\?dt‘éf?@atte%XtThﬁ)sf inSQEHAN enﬁﬂobfmféht %Streétrkhl faggui d, as
used herein, the phrase ' gﬁfrOX|nate e §o|ublllté {Iﬁlt oul d be
%C

under st ood tocﬁeﬁhﬁ%“@%Wé Sﬁﬁﬂﬂﬁﬁoﬁdgﬁe%ﬁbnﬂi%@U¥@0 beldghougddh of t he
solubility |imdymBr ﬁlf&l'é%mfé(reﬁ@m%dl%@ﬁsthe 206 Qfratt By b%@o%pdﬂohtt%urjtb mt, for
exanple to at |east 95% of the solubility Iimt or to at |east 9996of t he
sol ubi ity i mbeut liyhiimes thasmoust ofdytioge coppgieddNos (e e shevgrtstieds 28

2012/ 012088PCT41432 %jfétgéﬂ-}?y%?ogen fidwrir hﬁi@dggﬁ {sQRBverddN@barlBYa /§a@ Lk@aRAngt 0 up
to 115% of the solubility limt, prefera to up to 110% of the solubility
limit, for exé%mhénﬂ@‘yubvdﬁgcmewef g%SHeCE%F*Wb’iVPm‘ﬂ §asISHRA™ §20 bPhus, the gas
phase hydr ogepropotibphig@ighespond to hydrogen that is in addition to the
hydrogen dissolved in the |iquid phase. In practical enbodiments, hydrogen
di ssol ved in 1447} i gqiedopwabedipgns petheBpensior eand8clidseone ga@picons progr ess

i n/through th%y&b&ﬂﬁﬂg%%@&h&ﬂ%%%ah%ﬁﬁ&ﬁﬁsg&@h&yghm%&ﬁgﬁlEﬁﬂh&soﬂ&ﬂfogen
originally present inthe formof gaseous bubbles can dissolve into the

li quid phase feP! ?‘%@k@ﬁi@?‘@dﬂmﬂéaﬁiyﬁéi@@ iptedsebuatia nphiigUide: Bergiceryas Nhydr ogen
for reaction. NidoM&ICoR$SNEMRAGLMRIMS with BR of LB A6E bRhEdid Ywolas phase in
t he |iquid-continuous reactor can be | ess than about 10% of the reactor

vol ume, or | e8SRANMNLSLtingormplspsPhih et kdrarardascatadr st g dduintiagy
reactor can beassd ¥eslatfn8@mGnd/oMiliddiumh X€eus Wit ndchMEW RBIERaCRNL& B Ng treat
gas. The hydro en-containing treat gas can contain at |east about 50 vol %
hydr ogen, for cEkERIPE chthepeligtndappuieblgieplvgiocatkingg@lysiy BEomanseiol o  at

| east about 9&:M@bYox@b mairidl @@hlas alQIh, sHRa MRhYhLYIRE QAR RS0 cERS Can be
vented fromthe mxture before it enters the reactor, and/or excess gas can
be vented directly fromthe reactor. The liquid level in the reactor can be
controlled so that the catalyst in the reactor is substantially (e.qg.,
conpletely) wetted. [0053]1In sone enbodi nents, the hydroprocessing
reactions in a bed, stage, and/or reactor can require nore hydrogen than
can be dissolved in the liquid phase. In such enbodi nents, one or nore

t echni ques can be used to provide additional hydrogen for the

hydr opr ocessi ng reaction. One option can be to recycle a portion of the
product fromthe reactor. A recycled portion of product has already passed
t hrough a hydroprocessing stage, and therefore will |ikely have a reduced
hydrogen consunptlon as |t passes through the hydroproce55|ng stage agaln

I o o



into a reactor directly. One or nore additional hydrogen streans can be

i ntroduced at any convenient location in a reactor. The additional hydrogen
streans can include a stream of nake-up hydrogen, a stream of recycled

hydr ogen, any"&N&1¥8hveni ent hydr ogen-cant ai ni ng st r eadtf /BRI 0HRbi nat i on
thereof. In sone enbodi ments both WD 2012/012088PCT/ US2011/ 041732 - 18 -
product recycle and injection of additional hydrogen streans along the
axi al dinension of the reactor can be used to PrOVIde suf ficient hydrogen
for a reacti onSALOUBEPINZEANOAT Aeaibination Bereqinthradieyins. slieh ahadimger-aidked

and/ or dewaxed,doQiGted bR thiSBst @SmME. tZeBfitictsBigohN Bpkcidif thEreblppaxi ng st age,
the ratio of the anmount by volunme of product recycle to the anount of fresh
feed into the GEHARTHEN st C@aﬁﬁdlﬂ@m&r o aéta@fteléb%wd oSuablg hydregrackingnpl e at

| east about 0. &nditioRtcah BRBLe @-Q%Era&reﬂron@ﬁbo@i ZdOQat%tab@QQS@OC la Bydlogen
Additionally or alternately, the ratio of the anmount % vol une of pr oduct

recycle to thepdé‘%aﬁtsui?f“@%@@w Tgsig (Ehemt (b%lvﬁ’lﬂ@df’ abpuy 435p ppigsaoukr exanpl e
about 3:1 or |@psy), ABast.HBV ol MHoul B! a8ty 2: 1 or | ess. Reaction
Condi tions - Continuous Liquid Phase Environnent [0056]In various

enbodi ment's, olf848r noYenctipseshegmogitiof spasges delrreshie dedydiopgeldnsmyes cemn be

provided in a ts‘ecm@e'd@H%%wlldh@uﬁae%oqlzsﬁssﬁlpa&vbff@%ga%m iR shydr eRL0GeRS| Ng st age
in a continuous |iquid phase environnent can a hydrotreating stage, a

hydr ocr acki ng &tbagdigieniathe fea| 29 jate fa%mr%r@a@tﬂag@ge Py dioBrdbAT WP Fpbeyt
aromatics sat ufrabih Qﬂessth@-ﬂﬁ‘ounaofrﬂy@r%g%ﬂéu@&d%Elafg@el Rhedh CQNRIRALLONATL her eof .
[0057] In an enbodi ment, a hydrocracki ng e in a continuous I|gU|d phase
envi r onnent cdﬁpl%#ﬁyésgﬁr%qk@oéageaww%w@ﬁ&0 eisB e S Habaut BANS T kar t o

those descri bedo@howesctBsi (BoeOTHINMALS oﬂ?ﬁm%@@%@peﬁmﬂg 6199%0& fact¥hst h the
exception of treat as rate. Addltlonallé?or alternately, and simlarly, a

hydrotreatnenﬂ“%%%ﬁ% poblinaiggip. dforsss ¢l @“HW@@%W@WWPQ@HHEWP Eanchepl oy

catal ysts and diagibicANthe abMighd @RSaC R Srs LL 100ttt Bse 1deserhhehvaove for
a conti nuous as hase environnent, with the exception of treat gas rate.

I'n an alt er natP0¥ sSHBR AbRUZASI0 Ny dt‘P%%Rfﬁfﬁﬁ%d %]ﬂbgd’énﬁinhﬂ@dﬁﬁ*ia%wuscam qui d

phase envir on R Mo CeButl (v [t 18R u BV (Inke EneS8loufo r BY dr@Ch bMBuMERAYd1OMat the
condi tions. 858 ] The catalyst in a hydrotreatnent stage can be a catal yst
conposed of a #bove treat gas rates réfer to the rate of hydrogen flow. If hydrogen is delivered as part

of a gas stream having less than 100% hydrogen, the treat gas rate for the overall gas

stream can be proportionally higher.

Hydroprocessing in a Reactor with a Continuous Liquid Phasc Environment

[0049]  One option for hydroprocessing a feedstock can be to conduct the reactions in
a reactor in which the liquid phase represents the continuous phase in the reactor.
Traditionally, hydroprocessing has been conducted in trickle-bed reactors where an
excess of gas results in a continuous gas phase in the reactor. In a liquid-continuous
reactor, the feedstock can be exposed to one or more beds of catalyst. The reactor can
conlain a dewaxing catalyst, which can be used alone or in conjunction with other types
of catalysts, such as those suitable for hydrotreating (e.g., hydrodenitrogenation,
hydrodcoxygenation, and/or hydrodesulfurization), hydrocracking, and/or aromatics
saturation. The liquid can enter from the top or upper portions of the reactor and can
flow downward through the reactor. This downward liquid flow can assist in allowing

the catalyst to remain in place in the catalyst bed.



Goup VIB netal and/or a Goup VIII netal, optionally on a support such as
a refractory support. Suitable netals can include, but are not limted to,
ni ckel , nol ybdenum tungsten, and conbi nati ons thereof. Wen present,
sui t abl e suppHXB124@For fillers can include, but are ndt¢lisited7¥o,
silica, silica-alumna, alunina, titania€l®zirconia, and conbinations
thereof. The reaction conditions can conprise conditions suitable for
reduci ng the sul fur content of the feedstream or at |east the diesel
portion of thel088@dst4 badrpproesateueceSTanppivaldr inydvsexppting afeebioy cholystbout 20
wppm or | ess, mﬁep?eg@ﬁt}alo@hwogt@powh&ﬁbm%mb QlculPyBRYUL 210 wppm or
| ess. Additionally or altern 2012/ 012088PCT. 2011/ 041732 -
19 - reacti on @8rAiPabAEkiedrd reﬁ@iplutilé regalor ¢48\pe ppaspehiscbal oeds phasey” are  about
1.5 hr-1 (e. 9., Edepmh %Q&ﬁtctop ﬂqchlkp%prtogcsﬁp@%al)zst gorﬁgpo%)ls tohd sgh@bha% essure
f rom about 250p psi g (about to abo psig (about” 5.5 MPag)
(e.g., from abbdifthes Stggtia@pqra@b@ﬁthezre@twpa@weﬂ@catmﬁsitby@mas pleisy txpsp@ksm 4.1
VPag)), and a f,annes R, b Al BROT oL@DIM! o RE8Eks LRnabalafaQF (about
3990) (from about  625F (gg%é’gt §‘g}t9)c:) 0 absut 675E %bgﬁt Q‘H)a“ 100591A
dewaxi ng st ages2k4 that erfeinhdiving hb’ﬁllqmp@s%%é’@éﬁdﬁpgcér%ﬁ%lﬁtthfwrﬁplkﬁée Bper at ed
under effecti Vt?% Ws&ﬂn&%gé&lh%&ss !-:eﬁafn%{o'tt‘{@an%ﬂ?x%hﬂﬁdtf&%keratUres can be
at | east about bout 260C), for exanple at |east about 550F (about
288C), at |easftyd@56>aft‘sme@mact(oabam copygEpnal gicklgtbefl ggeter. 1§60ld 650F (about
343C) . Addi ti apalobdcQtingbdiayNatEhy sasthifie E%@ﬁ@la‘t‘ [t GBIt BB BPAMLeadBOF
(about 399C) or |ess, for exanple aboout 700F (a ou;t 371C) or less or about
650F (about 34@@)“%?"‘ Pegwle atfepd abquy 85° elrbliapibpH 88 Sy T thirdnplsec an | east
about 400 psi Gofradpertt o 2hediqyR efggdbto&@rlnﬁxmt%nﬁtmék@@%d raRRMtihoRisRek 9 (about
3.4 MPag), at |east about q7 psig (about 5.2 g), or at |east about 1000
psi g (about 6. @YI\‘HD%YQ)CC“PAMWU 6W&P’I‘ ol thy V‘é‘l‘“t“’els%taé cysthm?obtr?@ésmie can be
about 1500 psicgarh 3R thdtabduMBRD: 1QL th|aﬁ~‘§t§)ut $o0r AGX I encakQldt feckid@6k pSI 9
(about 8.2 MPag) or |ess, about 1000 %e%about 6.9 I\/Pa(g or |ess
about 800 psi G4YABbHTS28oNPURY Ph#sC @g@ad igeidi plasg avndn eLﬁqsvsalr@Eﬁa be at
| east about O.@in fimslof [€@8o@XRIRL tRthyhBPRtcsAROM Il Bartidles], at | east about
0.5 hfl, at Ieast about 1.0 hr-1, or at |east about 1.5 hr-1. Additionally
or al ternat el J003lhe Withguicheingheungdyiiny potiglfithonpp lipadsontmpgusasesiopl e about
5.0 hr-1 or | @aside@POtered: Ppdr pRicedsBS SnviRnmRRQAY Eordpatedh ltr?b'fdeh%§$cact€“rt her
additionally or alternately, the tenperature, pressure, and LHSV for a
i qui d- cont i ndbYIHESHTIBEOUE ZHCIeb MSHPASEOTLARE P s mativicampeset ef t™gse i n a
trickle bed reagtOron-bARERTHE: &AL %@&oﬁegboadm%/dm@ dﬁﬁ(!ﬁr&ﬂwﬂg%%ly@tr
dew axi ng stag_ can be a hydrocracking cata(i/ escrib above
Additional Iy dfe %ﬂC?’éirmlawéwg/be aligiadweliepnieprespead s to tealsedseocl sthedtcaybe Dewaxi ng
cat al ysts can peedphd S@&niRlo8EpHadd inSiIRVR oS HEDusASactdrY B @l chibB@ment, the
al um nosi li cat es (zeolites) or silicoalum nophosphates (SAPOs). _
Addi tional |y Srdraspébahatibbdrontumed dorneclit Brdraresyes ngarrchen @n be Bseaived i
nol ecul ar si e lighif@dph@xsanphdidg bR HIRThRiLy dﬂhp@oémtasm)h 6iabRbf thé BMBogehxanpl es
of nol ecul ar si ?%es useful for_ dewaxing can .include, but are not |lIimted to
U

ZSM 48, 7S\ 280ulgadkq bean thedgyimaef bubblgy gfhgdrpgandn thediquid Zgyhich casqdt wbbenat i ons

t hereof. |n aapnaéemnieck @abgdﬁ WRissolBeinRY 1R @aqosn Wox@rﬂﬂcl?@ﬁp” se
ZSM 22, ZSM 23, ZSM 35, conbi nat | ons particularly

.. an
ZSM 48  and/ or SN IMIhE | tB?mBW@?‘W%@“&EWéW% a:taﬁ%f rogeq. '%}]énsaf%‘i’%d% a WD
2_0|1_2/ 0120_8|8_PCIHeM|SBQf1; PhdedilBRAter B6n chebhdﬁd}i‘ﬁ% th8 Wehe:asf @)Imu)mtyl at gfah il B3I, |
silica, silica-a irconia, or conbi nation .t or exanpl e
al umi na and/ of® “[SF%JQ%H?% th%‘?hrﬁﬁeap(mo‘%ql%y g€ S‘Pliﬂ?g jlignit §P“Pli @&e un&ﬁrﬁtoﬁﬁ"com a.
Addi tionally Bléarﬁi domeanat@nycorraspp@idd 10t 10fst 8496 oLt adiWslity ilimit percel®Wayi ng
reactor can Cgt db’[ §0§A, Ofrthe solu%llﬂyﬁglgtf%gg(tanrg%g to dta}odst QIS% of the solubility limit or

to at least 99% of the solubility limit, which can, of course, include super-saturated



[ 0061] One feature of nolecular sieves that can inpact the activity of the
nol ecul ar sieve includes the ratio of silica to alumna (Si/Al17) in the

nol ecul ar sieve. For instance, the nolecul ar sieve can have a silica to

al umi na rati o“2RABHES 200: 1 or |ess, for exanpl e about RSP0 3P417 Bs s |

about 100:1 or |ess, about 90:1 or |ess, Idr about 75:1 or |ess.
Additionally or alternately, the nol ecul ar sieve can have a silicato
alumna ratio of at |east about 30:1, for exanple at |east about 50:1 or at
| east about 65SCNUOPHIBOPTHETERAL o) 1@ At% 9fsttle OHPIHY %’altt%??fﬁ@hlvlt%/uﬁ ®cl ude a
net al hydrOQGnﬁltOP/pﬁtheCsQTHBQﬁ‘}emyt rétt&@ma@t@urﬁ%qypwtﬂhtsml%h i iRl e G oup
VIIl nmetals can include Pt, or conbinations thereof. The dewaxing
catal yst can |%f‘élpﬁ‘ti%h)éﬁmgeéévé’tﬂdéﬂ@ﬁ’t’o@lihVﬁr%er‘hdf Hen 4598 tAbE hydregeal (s), for
exanpl e at |ea&§soﬁ'9@iﬁttheohc§udﬁ5h%e at pla@astendRcnQ; }gdx\@ke@dlﬁblvb@ﬁﬁﬁel gut 1.0
wt % at |east about wt% or at | east about 5. % Additionally or
alternately, H’t]ésedfét)\/a%i%’bet@éf’glcy%‘tc“%ﬁrqgﬁét ndlroughdht larel-epnfipugip reatais s of

the Goup VII Itnrmthaén(b%almeﬁt@rhyef@géﬂodrﬁguﬁhpweseﬁt@twf%/enotsfgaﬁ'e%ﬁs bidBRYEan2. 5 W %
or | ess, about wt % or. | .ess, or about 1.0 wt% or |ess. [0063{In sone

enbodi nent s, t%“ﬁf&tté%hﬁ Hawidphaiss wyresaniatg the [igridphase and paRYarleral ditiana

hydrogenat i on garpen@teadton! @Rsko@ bR hB, JBh@dccuisioly Ass WA06/ or M.
Such Group V1B rr@tal S can typi call)é be used in _conjunction W|t the at
i

| east one Gr oup® VAUG-cqpliugus Bgelar 38 dRjesHfdy BPuaE”s Athedsastis I euBe B lsh an
enbodi ment couhalgtbeu@o/plew axing catal yst that includes NW N M, or N MoW
When present, the dewaxing catalyst can include at |east about 0.5 w % of
the G oup VI B 32 ( shhe liggd fosd inihe devging sepsior emdgiminedde. g vl mixelbwigh  about

2.5 W% or aty Hy@@%én—&ﬁfb‘tﬂmgﬁr&t s oh kdob bk lang)fer@!gafs%ﬁrﬂ&;nﬁtlﬂat 1dalke
dewaxi ng catal%st can include about 20.0 w% or |less of the Goup VIB

metal (s), for BRURPIEYABEREFOTXHPYS Brlcaskabeut 89nalie- 2 lyah aRgusdyolteedls, about

5.0 W% or | eggast BoutdBAUL,, br B 1¥sL4b01 9858, hyh&e. ENRss y\@?ﬁlblagc&@ct@wst
contains only Goup VIII netals, however, Pt and/or Pd is(are the

preferred G ol VAR bRErs fteaiprs hageisiry 30 0b e S iU R iended direplydF st e shi ng

or aromaticC satddioat Tiqaldagel Mand Retd cEOBY doftialled sb ihatthdcAs & RONhd@nTENt
can al so be prov deddlrlﬁél-t%/edrofl nj SB’I ng cat al ysts can include catal ysts

cont ai ni ng G SUPCKAB et -COMPEGIR MANY netals, and mixtures WO

2012/ 012088PCT6 0114 %ﬂe?ea%odlm%ﬂ{q “the Kﬁﬁfpﬁ%@%mb'ﬂea@ﬂ%n@'ﬂﬂ@@dnﬁ@e; ankifee sul fide
of at |east one of the netals can have a rel atlvel stronga’ hydr ogenat i on
function. Al t&2R&E %‘Weq“tfﬁ@oﬁ‘y@r‘i&g%‘i}‘%ﬂﬁ%ﬁd’eé&t‘%\ﬁ‘ﬂé‘t he HAuif RBaserd sECGr oup VI I |

noble netal, swehdidsntBlonadhQe temllqu-gb B waddab Yol Rle B8Nt dnAC MABP heet al
catal ysts V\herel n the anmount of netal is about 50 wt % or greater based on

catal yst. WheRY{TRROESIRY (aqienaPee QUip et edo sy drqraon of thepapust frese e oxi de

supports can Irtﬂtetlobldzerdc%@%rt%n%f@?ﬂdd&%as%h@gﬂy%ss%d {hr&i@h a &l MO B&ssing
silica-al um nas conbi nati ons, t hereof, particul arly conprising

al umi na. Pref é‘r“gceanch@bﬂﬁgfciWlé‘hFlPi&aYPa“tra‘iW%“t Rydrogen squsHRRYO8 A8 KPEFS i on can

conprise at | easighaitehyiRbaleswii@S@gsdghihi dadi@xmillpiof Stethaled], BeisWi@bivitysdir ONg
whi ch i ncl ude anor phous or

hydrogenation functi Orous support ca

crystalline oﬂed‘lecyhléé)g?ﬁ?&‘t“g’ E‘tﬁ?ﬁr tg%nh CljybRThle vaprpsessed ?“&HdA%PFEiSEIé al um na.
Addi tional |y Ofclualngal’pﬂﬂbﬁbf’rchﬂﬂ@rdﬁh&&ﬁfﬁfmsﬁ hed sdtp@Edse aLebidbs may be
nodi fi ed, sucg c@ @Ll genatl on...of i.n pfartl cular fluorination. The netal
content of thé” %ﬁe&Ia‘VE & L9 Pkt St I as about 20 wt % for non-nobl e

metal s. Addi t [ow3a]| | yAaditiélaligbnadesladtly, tdamldamottreimsrufamre n(éaﬁ@éﬁ/lﬁ&du@@eﬂ
include a crystalllner?graterlal bel 02]2 to the MA1S class or famly of
catal ysts, whi"eh? BT e o BEST FEE ‘ihHP%dl Pelipgqg stramacin s puadugiy 4 1 i ca

content, i ncl M@ld@gvéﬁltht 1B8&tioh i Feﬂﬁbrt Qhé\@\@ﬁtfbﬂml hwgél&trem\daﬁgwhﬁgg
conbi nat i ons there gaartl cul ar risj g MCM 41). [ 0065] Hydr of i ni shi ng
condi tions ca?treta‘?? BRES W bvdrgser-4ts FEE“‘P TERCED t’t‘tr%l“’ES‘”@i‘yt"H]er convenient

hydrogen-containing stream, or a combination thercof. In some embodiments, both



about 425C, for exanple from about 180C to about 280C, a total pressure
from about 500 psig (about 3.4 MPag) to about 3000 psig (about 20.7 MPag),
for exanple from about 1500 psig (about 10.3 MPag) to about 2500 psig
(about 17.2 MPRAI2VUAHE an LHSV from about. 0.1 hr' to abolfiT/E2Hi041732% or
exanpl e fromabout 0.5 hr -1 to about 1. -8k -1 . [ 0066] When there is a ring
opening stage in a continuous liquid environnent, a ring opening catal yst
can advantageously conprise or be a supported catalyst containing a

preci ous net al Prodifeseyd 3 drsan alvdigend! Rpdpasmsransialoge disaniehgmetsiage can be

oper at ed under ohd @edidr\¢en BdEOh _}ﬁ@vﬁdeﬂgfﬁ‘éféﬂﬂiyﬁiogélﬁfo%‘%@fonUnder effective
hydr of i ni shi ng condltlons [0067]In a reactor with a continuous liquid

phase envi ronnt983] t hla cbediteryainvelaing reexee piydwraglcd dnd/er dswaxsgmpaiugbl e t o
the hydrogen Cf%9§§ér£pﬁ)zlrp<§ftﬁgmﬁtn?o &e@&va& %sagé HRIMNG thchshode Sy B finkope of
hydr opr ocessi ng, hydrogen need a feed can vary, dependlng on the
type of feed aMBduchiscysktpths a@P“WW@Pﬁ?é@@pﬁ@é@%WW@%W&@éan b loagtahut gas
rate can be atoiﬁa%re@mﬂg atjieaQt 4%&%1%@10@%099?@ dR§Qhst iRl £x@anpl e at

| east about 1.1 times th 012/ 012088PCT/ US2011/ 041732 -22 - hydrogen
need or at | eadfditighailit Orflten@tplbfééc feHe ohpel ppgrehbnediene Egrodyctigeyeistie dat nent
stage in a contndiHQSichl A4l SnBOASRL BNV} LR Blampld 18 980 B&RY sfor the
fresh feed portion of the |nput to the reactor can be from about 25 scf/bbl
(about 4.2 N8RSy of oubbler 950 sc t/bbl (about 42 N8/ nB). Here, the
"fresh feed" portion refers to the portlon of the input that has not

previ ously pas&ag P blles a4 gomegpat  which is in contrast
to a recycled por S Qe same
processi ng sta[gg%For Iglv%bélrs (%\@ J}E%}l?isgc’%{og\ﬁle&?%h éf/hogaiz%%gtnﬁ Fg)acteSS "€t he

hydr ogen need sfages qahée proeiddyl heedntpopetsilgnidphasegavionpett. Adn/dbpraessingast about

Cabout 17, Nar ) s DaPHTRLTRia e SUBIRIE b bt E R bR e ey
Addi tional |y dwdigbreeyitgstageys catahew ﬁy\mxe@erﬁgneéﬂd@émslbeg ez‘mwnat@@@@lramh/ bbl

(about 170 NnB{0B), Q6 oh&S s1de@lor 8 XML KioR £400 scf/bbl (about 68 NnB/nB)
or less or aboug§600%sk smg é%out 10010 8/ n8) or |ess. For a dewaxing

stage, the hydﬁQﬁién néedn @abvdbvecnt, rdmiratreckingshgs of 7 dwblinoablbatid Brase N8/ n8) to
about 400 scf / onﬁn@pt%gxrl e éoyglfﬁg/c%%grsts ln(&(%?a%lJJ‘&mQ}’19&%%% L ?ﬁse% Qnds unpt i on

can additional® y or altern expressed relative Lo i nput
to the reacto@bmmhmehme@nwum$$gm§ememymmemAmﬁwh¢©WQMGﬁOfM@mgﬂrﬁhe hydr ogen

d t i b
T enot - about HPEIR o el St {AUAL b ARt B[ ARE L 3084800 TB0, B,
scf/bbl (abouthase enviiesherg pan wnplent calabatstand lraction SOnditicing bisisiseaboitt thesed

/ nB), , |
N8/ n8), or agﬁslecﬁﬁb% gbém%t a & L%ﬁ{ [r(g?hasg @P\%hméﬁ »NEE}% calgt{%s%'l Er%aq @%b y or

alternately, rogen need relative to the tota can out 500
scl i bbl (abouFMQJﬂﬁBﬁhﬁwﬁw¢emes@?ﬂm ﬁw@%awwmena%@vaQ@@umﬂlmuﬂph%c

cnvironment can include a milder sct of effective reaction conditions.

[0058] The catalyst in a hydrotreatment stage can be a catalyst composed of a
Group VIB metal and/or a Group VIII metal, optionally on a support such as a refractory
support. Suitable metals can include, but are not limited to, nickel, molybdenum,
tungsten, and combinations thereof. When present, suitable supports and/or fillers can
include, but are not limited to, silica, silica-alumina, alumina, titania, zirconia, and
combinations thereol. The reaction conditions can comprise conditions suitable for
reducing the sulfur content of the fecdstream, or at least the diesel portion of the
feedstream, to about 30 wppm or less, preferably to about 20 wppm or less, for cxamplc

to about 15 wppm or less or to about 10 wppm or less. Additionally or alternately, the



sc f/bbl (about 42 nB/nB) or |ess or about 200 scf/bbl (about 34 nB/nB) or
less. [0069] The liquid feed to a hydroprocessing stage in a continuous

| i qui d phase environnent can be well nm xed with hydrogen-rich treat gas.
Excess gas caWOod%Péfed fromthe mixture before it ent HSHREVPHEZEt or, or
excess gas can be vented directly from tHé -reactor. The liquid level in the
reactor can be controlled so that the catalyst in the reactor is
substantially (e.g., conp Ietel¥ wetted. [0070]In some enbodi nments, the
hydr opr ocessi ngagieasdiings ¢4 includedn LESY giom cézﬁer/%?hrr &atonr |- Thin (Fedtin e nore

hydrogen than &@amrdltéﬁ%wﬁﬂmmatt&a Hrés%éﬁorﬁﬁ@&ﬁzsdﬁlgs(ﬂ%t?ﬁm'g nts,
one or a conbination of the foll ow ng techniques can be used to provide

addi ti onal hydttegeN0 Py (atbﬁ@t%l‘cﬁ%@ﬁ%e@@m pRput BAPsicdthouGEMEpL)i tBAdMAN be to
recycle a portémps@fadohes p \Agwtandmmg&xla@mn%@mm i0at (abaﬁz@éotga%omassed

t hrough a hydropr OCESSI% 2012/ 012088PCT/ US2011/ 041732 -

and t her ef or e ®Rdulabowh A%E Callrostithercd2Ad ey A2 Cohe dhest P%Fé@o}‘tt%ﬁa@ées

t hrough anot hefygbyidr opx Q6esH] leg&naagc%ntnﬁggé ﬁqumhieyen%nalehﬁaaﬁaé SbcYated NE
solubility of the recycled feed can i gher than a conparabl e unprocessed
feed. As a restider cf@ﬁwéwwg@p@v@%ﬁff@ﬁw eVREingdenpicEdues cape B I¢asiesh f eed

can increase tJB@ut%UW"{Ebo‘ﬁf 240y @y, Qﬂ%ﬁanga‘l’@dth&@a@oxft@%"?%%%ﬂ2‘%@"@’)‘ itheaEthe fresh
feed. Anot her optl on can be to introduce additional streans of hydrogen

into a react ordbaOBRTE (GhouhE Ok o feast bt 3R &1bothAdP SgeAdditipwdlng™ can be

introduced at a@t@%at@@nt‘ﬁgféh{%%tul@&lﬁ%é %ut maF (a@é\ﬁt:s%oc:) IhessagddblahpRabollydr ogen
streans can include a stream of nmak EOFC%}?R é?ﬁ“ a stream of recycled
L

hydrogen, any ‘9PHepbbAilen) @ress H‘y@%fg(é berdess-eRfigelivg degvagBebi nat i on

thereof. In S ﬁé&@ﬂb@ﬁﬁé&wb@&ﬁbo J@Q&!&&t 2f8€MV@ %@&Qm 1@1&@1@&& Mdyudfoo
addi ti onal gen streans alo e axi al dinension of the reactor can be

used to pr OVI d’é‘g opt tf Wtag)aﬁd‘?ats‘l 3@9‘&I75@19ﬂg Bl S20¥Pag) s adeasbiPouRI48t i on

syst em [ 0071] As@BiModeslo k), @xcahwlaﬁmp;@n alh%aedm k&ype@sar@c@rm ab&AGEH0RigSYyst em
that includes a fractionator. a suitable reaction system

i ncl udes two r@gut rsMEag ogless; (H‘ ’ég‘d‘lﬁl\‘;’aé}blo%]@p%ﬁ%ﬂg(ap?f@@dﬂp agp Olitsoolent , a

f eedst ock can 10y pas@Bsht bONPR) bil 168 or kBAE BOU psiglbould. mu)a%eme@mzm@ﬂvel ncl ude
one or nore stages for hydrotreatnent, hydrocrackij / or _anpt her type

of conversi on BFELRESSISY 0675t FHeseAP I et fbe?ﬁaFlﬁ’@r;?’ie?%? bque%e fipr Acan t hen

be passed to acaehiwbed®cd Wdlak lcadt @bdddN 0 hifN8r flidaktuBHlt 163" eRt@Tiodahgodi Vi ded
wal |l colum in a first separated vol unme., The divided wall colum can

fractionate tRECTRatlEANGEITY st boahpY 18 Ot ordens: [BOTemBle 20HE 0dwart l§sSput

preferably anabhies opet &i1es, &b@iutb@@ﬁ/e& 1EReraing srdionalyl or edrkkmy fikom t he
separated volune, and a lig ?Fﬁ gortl n that enters a common volune in the
di vi ded wal | é"(S‘FH?FﬁtPre>IpFFS§ﬁ° &Mblold? Yk e WHdrean i U B AV S Y% cor r esponds

to a feed thatoh@idns sditablt i uYoia WRkgSSed @daktoF. ange, such as a bottons portion
suitable for ﬁ%‘? s a feed to a fluid catalytic cracking process, the

optional addi PBY tatabYt ity dYosiaaRe 11468 OB AT AR SIR&F F20P6PuMm from t he

separat ed vol Up@o&akingQARIVESE d&CriRG a8ovdl @giaitioRdlylor AGridnge dbwaGid on. More
generally, the optional additional portion that can |eave the di vi ded wal |

col urm from t REIEE 53} b selgeigd | DB Eg FaBsis PR COMETTeHERICURE SIEVAL HAE a | ower

boi I'i ng poi nt ciyb@mné m@mblem&m (&Uhtci)Ba§111£t&\§11rﬂndibh®ﬂﬁitcstlgAPO§bg Adgitidhatliyhan t he
port| on that enters &Fcommn u in v[%rl ous enbodi nents, the

vol ume. Thu
optional addi £ BERte FCRIBLTIRY C Seisd Q -B/P&-TAmg %‘E%rlswé%t or SXpMpIE a1 § ¢
di esel cut, alkakaseittgdubd modchigdidenaphigia oftolecdad siBd useful for dewaxing

can include, but are not limited to ZSM-48, ZSM-22, ZSM-23, ZSM-35, zeolite Beta,
USY, ZSM-5, and combinations thereof. In a preferred embodiment, the molecular sieve
can comprise ZSM-22, ZSM-23, ZSM-35, ZSM-48, and combinations thereof,
particularly ZSM-48 and/or ZSM-23. Optionally, the dewaxing catalyst can include a



WO 2012/ 012088PCT/ US2011/ 041732 - 24 - gas oil cut, or the like, or a
conbi nation thereof, depending upon the nature of the bottons. [0073] At

| east a portion of the bottons fromthe first (separated) volune of the

di vided wal | ®UPI1¥&h t hen be passed tq a second reactT/USBHePHARI |y, at
| east a portion of any optional additiond-cuts that exit fromthe first
vol unme can al so be passed to the second reactor. The second reactor can

i nclude one or nore stages for perform ng hydrotreatnment, hydrocracking,
catal ytic i sondiPforaueion alumjey BEniai silishrdicas eyt ZiEapeHsrR caabnitey theygsé of

hydr opr ocessi Ny cdathpRAUMENiRIBRAD: TBAELSor ohdIE: BR&bs @hnid, RECHYM ARLAGESSI NG i N
t he second reactor can be to inprove at |east one property of the effluent

from the secontiddiédetineraliguehlyesporeandithegatlye s therdgayaqnassicloricppidpriay t he

pour point, i mrbgglhpgog&@n&lltgﬂg oint, or the like, or a conbination
t her eof . [0074 The effl uent fromthe second reactor can then be passed to a

second separ at086llv ol Queecdtire phmoldiuldr diseeswldt Fandaipiricfagvity oh e imsirgtleon.  The

second vol une £aa ;fdaed thQ&ﬁB %fstulit% 1@&1&5&%‘@&/&1@9&“&%le%%os“éierF‘é}%s%cé nto at
| east a bottons portion, optional é preferably another portion that

exits from t helhe@elspransish e hagrasi ap@alvm@lﬁl%ﬂﬁ@f aleowt H0s! arpess.domarampool une.

I'n an enmbodi meftyt 1@1) J oPREL hiRs100f | Jrﬁé%?tab&lﬁ'% edr f%gsf bughlSstihpiegnt er the
common vol une can be fracfionated into one or nore products, such as a

ker osene cut, Wémﬁllmﬁrﬂéel‘ﬂ@tﬁé@hwolﬁ%ﬁtswae eanthave e dy alwin@lmrat@wégt

Preferably, t N&asPALOIS!, E bx MY RlicaQRbbiRBR oREdELI MB@lssROrtion exiting from
t he second vol une can specifically not be recycled to the first reactor,

can specifi call006Hot The dewseyjas cedlybiran Heo pisalhdngladeet rogtal hydrogemeéonpr ef er abl y

both. These cul,s,Gad:, sJEﬁ‘é@é(@l}oup%H%ga@ §1H{aBl|3%fr0LFbr\Q@IQ§§MQQm i @ldcpXapl e, in
an enbodi ment where the second reactor 1 ncludes a catalytic isonerization

stage, the botbﬂlo?fsm@hmatﬂqﬂéfhctcﬁé Hedevigkingolatahst @amciude plerst abovdbLiwite gas oi |

feed suitabl e fraf. dbid her m&&l@ﬁ%‘ﬁéx&ﬂ @3t Bast R0 CART, [ R about 0.5 wt%, at
Addi ti onal / Al ternat e Enbodi nents 875 Addi ti onal l{; or alternately, the

i nventi on can l¢aibaetd bido, Ple?ﬁb?@ub? 5 tNhé ¢ 8t ewhithoyt wiyodi Meditignally or

[ 0076] Enbodi n%ﬂ&rn&telyﬁh@?&%&@ fc&%ﬁlyﬂrcﬁ}gMQIh&lQabb&WO%%hWr 1% §F b Gafyp waoduct s,
conprising: hydrotreéating Fee dStock under first effective hydrotreating

condi ti ons; frné?é%lﬁsblffétei(%’@ﬂ? HouhyUrer pelatsetPoreldyt’o eklessnabaut i3 ¥1% 961 ume of a

di vi ded wal | Gak Wimbdut 86LiRAly to produce at least a first product
fraction, a first bottons fraction, and a first common fraction that is

passed to an UBB! undh sanercanbodiments. the devraing caialystsprainelude as an additional

hydrogenation component at least one Group VIB metal, such as W and/or Mo. Such
Group VIB metals can typically be used in conjunction with the at [east one Group VIiI
metal, such as Ni and/or Co. An example of such an embodiment could be a dewaxing
catalyst that includes NiW, NiMo, or NiMoW. When present, the dewaxing catalyst can
include at least about 0.5 wt% of the Group VIB metal(s), for example at least about 1.0
wt%, at least about 2.5 wt%, or at least about 5.0 wt%. Additionally or alternately, the
dewaxing catalyst can include about 20.0 wt% or less of the Group VIB metal(s), for
example about 15.0 wt% or less, about 10.0 wt% or less, about 5.0 wt% or less, or about
1.0 wt% or less. Where the dewaxing catalyst contains only Group VIII metals,
however, Pt and/or Pd is(are) the preferred Group VIII metal(s).

[0064] In some embodiments, a hydrofinishing or aromatic saturation stage having
a continuous liquid phase environment can also be provided. Hydrofinishing catalysts

can include catalysts containing Group VIB metals, Group VIII metals, and mixtures



WD 2012/ 012088PCT/ US2011/ 041732 - 25 - dissolving hydrogen in at |east a
portion of the first bottons fraction to approximately the solubility
limt; hydrocracking the portion of the first bottons fraction under

ef fective hydWOFPBAKIBY conditions in a hydrocracking stMJ&/SaavPHE2a
continuous liquid environnent; and fracrﬂgnating t he hydrocracked first
bottons fraction in a second volunme of the divided wall columm fractionator
to produce at |east a second product fraction, a third product fraction,
and a second cHpEdin [f #egliogimonh e sildidpeles least per efiilee mppe pandaeg 4ickédely ol une
of the fracti opah@hydrdapliBh Rk SACARRIPHRAYGD i LA QR sNAR iRfudk §aSt one

i nproved property relative to the first "product fraction and the third
product fracti@iUhYE! agbls melsl sushas Piipd/evidl Thessarbyts may drcludebells melé bot t ons
fraction. [ 004alERRALIIER ardounfo MRl adib@rsoRrady %f(’je@tgr bW bafalifse, di stillate

products, conprising: hydrotreating a feedstock under effective

hydrot reat i ng W8HUNE Faomests #igappeicd Exiligs: sHblyrpd pridatieaotseeuirbdklon a
first hydrocragkidki®t 8@ aVQR&! afihindlsiRh hRGTilaY iYL hRCdAbkdaRchs SRt | Ons;
fractionating the hydrocracked feedstock in a first volune of a divided

wal | col unm f rRAEHEHAFRP B EREt e &reibraddydi lipishing gfabgisdgetroprisduct
fraction and aafyldiish cRQULIBAR o [AF bhOReINMBLOSIRE kNG PRI ParaE the
bottons fraction in a second hydrocracki ng stage having a continuous |iquid

envi ronment urEPSTBEGHYIER B B PPRUHYEPBE MR CHYMEBHATTRINES OgBREkingg t he

hydrocracked pRidein@ieriafs shdh@s hiufdla, HRtal MG -aGHERN AdBitidnA9WaXidathi, age.
havi ng a continuous |iquid environment under_ effective dcwaxi ng conditions;

and fracti onat'Y15g PERELAV BRI HEREHLS Havheredlifsdt ethes baloesshon- AT @ second

vol ume of t he gi¢iidetuon@htlonC ThaiBaf doaehd RRRLRhIyHQaPHRAWEAs Rlzh heasht » second
di esel product fr§ct|on and a second bottons fraction, wherein the second

nd bott b VW
di esel product™¥49cRangivblsaectaly Addionalyfs alisiprtevele BErdinshiggcyrigp et v
rel ative to thelfdefastys@liRs elatephiadIbaEing taRd MANS claRdr fahly SEEaNki) AhlcANS
fraction has at | east one i| rovedﬁgp d flow property relative to the first

bott ons fr act iFBHICSPRASMS B i AERS restivery BIsAsiRyePnisht SR REmet fmitgd, ¢ her
conpri si ng hyds prnaakivmgvt4se Mons01 4ne abesindtRedih o6 pareiul £t doMBrising

hydr ocr acki ng Q{éions in a continuous gas phase environnment prior to
passi ng the h?@&gfl ated feed to the first volunme of the divided wall

col um. [0079][6ad3pdi MenidrAinisHing comtRAdcalinARY 20 pcRfiut REMALAN 19348 (o
enmbodi nents, wherein the effective hgdrocracklng?condltlons, first

ef fective hydPBtdekfn§r BgRdictiuhdbout K8 G loasnY 289 e d 1914} 8TRY T 6P kWt ng

condi tions, oKO@MNIg GOHRBAAPHN 1 BEES000 piclabde 2@7 MRE FRtbndIE frem about
200C to about 450C, a total pressure from abou b

2012/ 012088 PC??%QM]P/’@A&WS? 0.3 lygag) to about 2500 8S1é (a 011‘[81-"7.% hglf?a%()),%%d 3I}IPHSV

from about 0.1 hr'' to about 5 hr’], for example from about 0.5 hr'! to about 1.5 hr'.
[0066] When there is a ring opening stage in a continuous liquid environment, a
ring opening catalyst can advantageously comprise or be a supported catalyst containing
a precious metal, such as rhenium and/or rhodium. A ring opening stage can be operated
under cffective hydrotreating conditions and/or under cffective hydrofinishing
conditions.

[0067] In a reactor with a continuous liquid phase environment, the treat gas rate
can be selected to be comparable to the hydrogen consumption of the feed for performing
the desired type of hydroprocessing, as the hydrogen need of a feed can vary, depending
on the type of feed and the nature of the hydroprocessing stage. The treat gas rate can be

at lcast about 1.0 times the hydrogen nced, for cxample at least about 1.1 times the



0.5 MPag) to about 300 barg (about 30 MPag), an LHSV from about 0.05 hr-1
to about 10 hr-1, and, when the rel evant hydrocracking stage is in a
continuous gas phase environnment, a hydrogen treat gas rate from about two
times to aboulVOrFiA¥E tines the hydr ogﬁgtzconsurred dur i ntf T{Ua011/041732

hydr ocracki ng. [0080] Enbodi nent 5. The nethod of any one of the previous
enbodi nents, wherein the effective hydrotreating conditions include an
LHSV from about 0.3 hr-1 to about 5.0 hr-t, a total pressure from about 500
psi g (about 3.ydfgEagyyect 61 #BBet2bOAES tpass dhe(hyioatn ol A aupiydroteitraehpeseat ur e
from about 6508 a(c8RAMbusIABDphhiR cARRMEeROAEh(RORN heddd Do fr@A%ed WIS e

hydrotreating stage is in a continuous aas hase environnent, a treat gas
rate that provileiBgudn themeaRt cafoe P baens prH @bout- 2N D edou?S8bout five

times the hydrogen égﬁmmmﬂ%qw Heg, hberdy d%et f8ddd 0Qs 1§ 0R341iErbod: ment 6.
The net hod of enbodi nent 5, wherein the portion of the first bottons
fraction is iR R bay ngprevaeisty patred Grough Hic syeg Progestng e Wioeh isHe fir st

vol ume, a recyGhest Biags8kiel FRE bdAb, WhANhh S A8GANM K@ IHBh tRREma recycl ed
bottons fraction fromthe second volume. 100821Enbodi nent 7. The net hod of

any one of thePrEiEsti§cehsgdy rerfedinamier & the trendserctiarthebitwnt "ot fehe
second producthé Fr@GldeaPottidn bOME mplitan bd Necasilibbii50 6ABbEAboRE. sNME/th) It
product fraction, and wherein the sulfur content of the third product
fraction is | GR&FPIEAERst HeuSHP pelPPEGRTEAT NoY/ Mt het 2t fops #basbtUonEDH faketti on.
[ 0083] Enbodi mesatn#/mFhadambhad opficanitone h?ciro%éﬁ%e&f&ﬂ b@Msoue o di BNt s,
wherein the hei ght of t | is selected so that the secon

e, di vidi.ng wal h d
pr oduct fractﬂ@ﬁmEHW@gﬁﬂgﬁﬁbﬁﬁ%ﬁﬁeﬁP@$HP°Wé@QSﬁ@bHﬁV§?P%N“b@}}%§ﬁ%ﬁﬁing to
t Eg ]:jl rst pr 2%61& 600 %&M)l%)lQﬁbOﬁ{ Qﬂ%ﬁ@@ﬂieﬁ@gba DdewhiR g RBE @l 19firo y cédne OL g
enbodi nent s and 3-8, further conprising r opr oces t he hydrocracke
first bottoms % g%g?%ﬁbq}ﬁgégrc%lflf@@f %/t‘séNﬁyﬂT ﬁwﬁ@géﬁq gf‘fgt"ggﬂlﬂ’?l‘t@ons ina
continuous | i quhnphase environnment, the hydroprocessing conprising

hydr ot r eat ment tal yti ¢ dewaxi ng, ring-opening,  and/or _ hydrofinishing.
[ 0085] Enbodi nﬂﬂ?&ilo. THhe hh@‘éf)%?&dl@%i?@faﬂfgﬁwaﬂ%own plibetftalierpatglide 4- 9,

wherein the efkg@edsbyRlaGas @linetib@l iﬂﬁWtihé]g:a&@rr,‘ dhhich @Siné1 i rolelca pbabReyrat ur e
from about 28QC to_about 380C, a hydrogen partial pressure from about 300
psig (about 2 .%PW%?WW@%%H@ InFHHEC P (alie el FBUToNPEgIClor er: 841 tHSV
from about 0. bkt B&st bduO1 BROBYI (ol INT Nh’/m?), for cxample at least about 25 scf/bbl (about

4.2 Nm’/m®), or at lcast about 50 scf/bbl (about 8.4 Nm*/m?), or at lcast about 100

scf/bbl (about 17 Nnr’/m’). Additionally or alternately, the hydrogen need relative to the

total input can be about 500 scf/bbl (about 84 m*/m’) or less, for example about 250

scf/bbl (about 42 m’/m’) or less or about 200 scf/bbl (about 34 m*/m”) or less.

[0069]  The liquid feed to a hydroprocessing stage in a continuous liquid phasc

environment can be well mixed with hydrogen-rich treat gas. Excess gas can be vented

from the mixture before it enters the reactor, or excess gas can be vented directly from

the reactor. The liquid level in the reactor can be controlled so that the catalyst in the

reactor is substantially (e.g., completely) wetted.

[0070]  In some embodiments, the hydroprocessing reactions in a bed, stage, and/or

reactor can require more hydrogen than can be dissolved in the liquid phase. In such

embodiments, one or a combination of the following techniques can be used to provide

additional hydrogen for the hydroprocessing reaction. One option can be Lo recycle a

portion of the product from the reactor that has already passed through a hydroproccssing



WD 2012/ 012088PCT/ US2011/ 041732 - 27 - [0086] Enbodi ment 11. The et hod of
any one of enbodinents 2 and 4-10, wherein the second diesel fraction and
the second bottons fraction are not recycled to the dewaxi ng stage, and
wherein sai d WPHOBHHEKi ng of the bottoms _fraction furt T CENYP{1EBs

hydr ocracki ng of a portion of the first "di'ésel fraction. [0087] Enbodi nent
12. The method of any one of the previous enbodinents, wherein the cloud
poi nt of the second product fraction is at |east about 10C l ess than the
cl oud point of Stigqerntithessions shafchave ¢ EdGed Ay drpEFO SSISERPH adrssesthropgle met hod

of any one of ileePiyRMIpRisssRERA MRRtHnaWNB LR RatdnensSWlbiiiy SR RBfciAf t he
first product fraction is about 15 wppmor | ess. 0089 Enbodlnent 14. The

met hod of any §ffbcagie figherdhaasicomparabie brrorsied eedwvat wictls melugBap PREPHt  of

the second bot§Qesctd gx%ﬂlhc@aqth%e@“eéd%ﬁtncﬁ@&”ﬁe ahQfenl FR$dbHARVIRGIRQUr  poi nt
of the first bottons action. EXAVPLES Example 1: Configuration for |ow

sul fur di esel HrEauRED 81 ego'sed 14nothst %PtEiééf‘ﬁ:)lPeéO idrodjog ipddgonahiticapiumm can
be used as a fiRebOMALDEadid? dBectly. One or more additional hydrogen streams can be

introduced at any convenient location in a reactor. The additional hydrogen streams can
include a stream of make-up hydrogen, a stream of recycled hydrogen, any other
convenient hydrogen-containing stream, or a combination thereof. In some
embodiments, both product recycle and injection of additional hydrogen strcams along
the axial dimension of the reactor can be used to provide sufficient/additional hydrogen

for a reaction.

Reaction system

[0071] A divided wall column can be employed in any reaction system that
includes a fractionator. One example of a suitable reaction system includes two reactors
and a divided wall column. In such an embodiment, a feedstock can be passed into a
first reactor. The first reactor can include one or more stages for hydrotreatment,
hydrocracking, and/or another type of conversion process.

[0072] The effluent from the first reactor can then be passed to a divided wall
column. The effluent can enter the divided wall column in a first separated volume. The
divided wall column can fractionate the first effluent into a bottoms portion, optionally
but preferably another portion that leaves the divided wall column from the separated
volume, and a lighter portion that enters a common volume in the divided wall column.
In an embodiment where the bottoms portion corresponds to a feed that boils in the
vacuum gas oil range, such as a bottoms portion suitable for use as a feed to a fluid
catalytic cracking process, the optional additional portion that leaves the divided wall
column from the separated volume can comprise or be a diesel boiling range fraction.
More generally, the optional additional portion that can leave the divided wall column
from the separated volume can be any distinct cut that has a lower boiling point than the
bottoms but that has a higher boiling point than the portion that enters the common
volume. Thus, in various embodiments, the optional additional portion could

comprise/be a diesel cut, an arctic diesel cut, a kerosene cut, a heavy naphtha cut, a light



mul tiple reactor reaction systemfor producing low sulfur diesel. FIG 1
shows a schematic of this type of system In the enbodi nrent shown in FIG

1, reactor 110 can include one or nore stages for hydrotreatnent and/or
hydr ocr acki ngW&20B/M¥8Y in a conti nuous gﬁs phase envi r oWHEMRMVEHIG2 1 shows
a reactor 110 that includes one hydrotréatfment stage 112 and one

hydr ocracki ng stage 114. However, any other conveni ent conbi nation of
stages can be included in reactor 110. For exampl e, reactor 110 can have
one hydr ot r eat $a3gil stlagfahe likgoorirambinpiéantthareptsicaryding veomihnyaivsof Bat i ng st ages
and one hydrocgagking stage, or any other convenient conbination. Note that
FIG 1 shows a reactor 110 including nmultiple stages. In another

ermbodi nent, mul007dl e sérleasl a pahet diike kotipmp oo dedirs fsepirale® vofume ofihegl e
reactor with Myl il 81 &k % RSN A9 Hsld t@a E‘éégﬁcﬁ%&cﬁt @5?{1(51121%/ a0R,s1 8 feed 105
can be exposed to a rotreatnent catal yst under effecti’'ve hydrotreatnent
condi ti ons. Alﬁ@@mdééwV@¥®@éﬁ¢h®¥mb@ﬁt@ﬁgﬁi%@nﬂﬁﬁkﬁda@@@C@h@%”ﬁm@%?@actor
ei ther with f e@%%@éona FoaBir, %@%&%ﬁ@egclwwmmmz[@@ne (62 Aol Qaghdfdr AR S0

i ncl ude one or nore hydrocrac es, for processing a hydrotreated
feed under ef flé/étqtrwmdemcwékmgaleldh@lisemwéﬂong m@@@qmﬁ@ge@ﬁ ogarpthe1 25 from
reactor 110 Cac[%sﬁé&%%ae%‘?hﬁﬁép?@&s&r@ 3n Sdnfdmbb@hidng, tﬂf@goapéﬁftﬁé ﬁ@ld%%c\é‘@ n €Ol um
130. The effluent 125 can be fractionated into at |east three

2012/ 012088PCTI Us2ecpd graqtyzan be pgmprovp grledsiping praparty pfdhyg ?iﬂgqnt fr@neme 132, a
bottoms cut 142.A0Gkadofliseek réauélné-fﬂiésﬁﬁplebé LQ{pQQ/H%QHje pdul Sk SImpRRYidg Ons  of
effluent 125 can travel up in the divided wall col'um to enter conmon
portion 136. G@Wﬁ@ﬁ”ﬁﬁﬁﬂ?ﬁw1¢S6Wéﬁﬁnﬁp§@“§@§afate out one or nore cuts,

such as_ker osqpgrut 142 A IARNED St rodidit callalifod fiaka et re eff | uent
125 is shown as being passed rirst volunme . Additional ly or
alternately, cﬁm@%WdYﬂMW?16ﬂﬁé¥“@@ﬁﬁﬁ&@h@ﬁf@éVﬂé@@ﬂmsdﬂﬁS%§n¢Yﬁﬁmcgﬁparators
or strippers, £Eidielt 485G Rh e QndtdbidEH oW Ichst 6 B pbAln, zpaopamger to
remove gas phase or other low boiling products fromeffluent 1 093] At

| east a port|6W1E$&ﬁ©bﬂéﬁﬁm6@ﬁmmﬂﬁl@@ﬁﬁpméh3%@“ﬁé@@@& g agpogwBdHE react or
150. Optional lCMECI‘SQth&E]{HIICBr{/OHﬁ’an% §OFBL R tfond 412 p@rﬁ&hsb)@ ﬁ’a'&f%gat@c&fﬁuécn%ngtt 0

anot her process, such as a feed to an FCC reactor. enbodi ment shown
in FIG 1, a 8t hefommorydwes cagbe frm%wn@%lnw@éowﬂe@rp&m Sb%il Bassed into
second reaCtOﬁm%@Qec@ﬁmﬁQﬂhﬁﬁ%@ﬂxQYmﬁhmﬁéﬂb%ﬁimﬂ&ﬂfu%@sﬂeQﬁmKiﬁ%ﬂng in FIG
1, the full flom/path of stream 147 is not shown. Alternately, the portion
of bottoms cutboterps cupandlrepimalrddigoe aprtipyexitnggronpthe seroRhetlupRiani on can be
the only portisgaifch@dibé ?etcyc\r&iltgnﬁ fiks? Lealli®}, lcmp@aﬁ@aﬁ abk eNRYtied B Becond
reactor 150. A recycled portion of second diesel { ut 184 and/or second
bottoms fract iS¢iend Becterapr Beje Prsiratilybde Higsredist@n th@@f@Y%p@flel%Fuﬂbﬁe second

reactor. TheserResRB! FélexhBpUlin 84 érﬁl%ﬂ[ﬁn&@@h&@tlﬁ@éﬂéhdl‘%@clbﬂn@lﬁﬁés gonveni ent
manner. For exanple, the input to the reactor with the continuous |iquid

phase envi r onfEAYICEAMEEABHTSESbe RALops P! Sing témccawoaw Gp BsRc gut 144,
This type of ceALmIME Sl icsi@ble 8 PltheP}6QSShYVA al@salirag. of hydrocracked
product. Another possibility can be to include bottonms cut 142, recycled
second di esel xQukiB A 8 acdRdohigeyc! ed second bottons fraction 182. In this
configuration, the diesel output fromthe first volume 132 can be increased
whi | e usi ng 010751 botAhid@anétllbr@r pléesatdbe dhefinvpotionons ink8@e andyranord 84h¢ o

mai ntain the %9%@%1 L @Hmneed of the input to the second reactor at a
manageabl e | eve ﬁote t recycled portions 182 and 184 do not constitute
fresh feed to[@ﬁ@]rea@m@pmmﬁmlrUhmmhei@nb@dumuﬂpWSWmewnH&Fp@ﬁmm> second
reactor 150 c ob \ [ ous liquid
phase enV|rontrzlfllgelnrm:IJ gﬁhﬁgﬁg éﬁg&%&F?@%ﬁgﬁggg?ﬁgggr g@mﬁggﬁgﬁh%§o coul d

i ncl ude one oﬁuﬁwn@H@ymMDﬂK@a&ﬁbﬁmkgmhgesﬁﬂhyﬂmmcﬁa@Wth“gﬂa@egn dewaxi ng
or i someri zat krgaloﬁgt&qsgrodn&%ﬁ %Bgtrilé@@pﬂ)q 4R LAaRR L BNy B «GATRLOART QR atiher eof

[ 0094] Prior to entering reactor rogen can di sso d'in the i nput
to the common fraction that is passed to an upper und1v1ded volume of the fractlonatot




reactor at approximately the solubility Iimt. Optionally, additional

hydr ogen can be WO 2012/012088PCT/ US2011/041732 - 29 - present as

undi ssol ved gas. This can be acconplished, for exanple, by incorporating a
hydrogen stre¥A€B01308% 0 the input flow, e.g., using st RGIUSAILKEI173E55,

[ 0095] The effluent 165 from second reactdP "150 can then be passed to a
second volune 134 of divided wall colum 130. D vided wall colum 130 can
fractionate effluent 165 into at |east bottons fraction 172 and optionally
but pref er abl ydigrobingdydieasnas at lyast ¢ pstioror theriyst bagorv@eﬂrqcﬂ@tst0|ap@ﬁmategfor tions
whi ch can tr?Vﬁkgﬂ@ﬁﬁ?n%ﬁ”HRMxMELMgﬁm$§@on¥%£Qﬁﬂ{ﬁﬁ£9&ﬂﬁ&%ﬁ%h&ﬁ 174 1s a
di esel fraction, bottons fraction 172 can include unconverted vacuum gas
oi | that may b¥fesiyethaBloaragdngropdidenstipa Byfbedseking seeekging ¢ geHingeusdiapidyi d
catal ytic crackiBehoRin GRS Ractibfhif® [ht Al dko&hdkB@kis OhbBomP Bhdidof W Alcbdhgwher e there
is little or no product fraction 174, bottons fraction 172 can conprise a

di esel fracti ofplumend ti digdqd wallgetuimarrasenater pareiged eephy seond gradadl e for use

as a | ow sul f ugactheslirdd QEBCtactit, S1E! RBInY cB8mBR fridtoh thal RYag bt di esel
product. In an enbodi mrent where the diesel fraction is an ultra |ow sul fur

di esel productyrpeisdigidgd Helmge Wethe fracgignaggr, Whraeig thgiserend prafiyct Bedighhasi80 can

keep the rel atjppebnt iRbGN&T propetd Wiatk O @O firsPFOREE S iibRadd (hSthiry flodii® 132
separate fromthe relatively | ower sulfur products in second vol une 134.

Note that the [Eistion ks aflpashfisimpeseq MORSHY HilAHE L 0P Ylopdsednt o second vol ume
134. Addi tionghhy7)0r athisuiRhe YA nRid 98 piRkEn QI NakIRERIAE pRRUIE VI Ces,

such as flash separators or strippers, could be used prior to divided wall
col um 130, i rroBPHERS: thydroraipe adeedstptrawder sifeg@vp 8ydrpiatintoianditignspr oduct s.

[0096] I't shoulid Rer.0atEHe hNRSrdRE YClind i0f ROLIRIBckih @Gk QRdd fRstand/ or
di esel fraction 174 to second reactor 150 is og%{onal. I'n sone enbodi nents,

only streans Xipclyslygpcerakmeerpdiiiong Factienatignihe pelraszrked sedive i G 1 as

feed to secondol@RUrQUiIVIRE waPeSimA R &FRAGH IBRdu&AD ch Y Sird¥RId plohgt POt ent i al
for excessive recycling of bottons portions fromthe fractionator, |eading

to reduced prdHGET WA 24st petoprsdiEriédr halesisking & portionofths botiers dispidiiént such

as FIG 1, if (@desihffecratkink@@sd hd W2 adbideb@Niquaradesnh Rugduchdican be
produced by each separate vol une of the divided wall colum. For exanpl e,

t he diff er encétpetvaBrhodadingserdinngdiseaxing e bydoerickehpartin ofitiedtstsepar at e

vol ume and fr ogidhen2a6ond @RRaEE S N iR e dul g endosthdd erept sul fur
content, a different boiling point or distillation profile, or another

g .k I al St
feature, or aC°EBFARYT 6 coRbt@sTant bodisprinetbrevdiosgeredptaairotPaet i ons
differ in sul fieticQRh 8Rbad $dhEndld remediviBsacdfolaedelioatd: EORANRE aif 1bdsed
separate vol une can have a sul fur content advantageously greater‘than t he

sul fur cont entc6rd fipgs! podush{raghien arrca SePend OOTIRS o thercBidBoisarndelinstlat e
vol ume. The suldduét raeminant aQdast dae ifpreel coRrmaluabpet; agitive o the am &iber f i r st

separate vol u g?odggtrflralc)tlon?;[md the second bottoms fraction has at least one improved cold flow
property relative to the first bottoms fraction,
[0078] Embodiment 3. The method of embodiment 1, further comprising
hydrocracking the hydrotreated feed under effective hydrocracking conditions in a
continuous gas phase environment prior to passing the hydrotreated feed to the first
volume of the divided wall column.
[0079] Embodiment 4. The method of any one of the previous embodiments,
wherein the effective hydrocracking conditions, first effective hydrocracking conditions,
the second effective hydrocracking conditions, or any combination thereof include a

temperaturce from about 200°C to about 450°C, a total pressure from about 5 barg (about



WO 2012/ 012088PCT/ US2011/ 041732 - 30 - |east about 15 wppm for exanple at
| east about 25 wppm at |east about 50 wppm at |east about 100 wppm or at
| east about 250 wppm Additionally or alternately, the sulfur content of

t he di esel pr3PRPHPEEtion fromthe first separate vol BEEAHIBERbout 400
wppm or | ess, for exanple about 200 wppmzér’ | ess, about 100 wppm or | ess,
or about 50 wppm or less. Further additionally or alternately, the sulfur
content of the diesel product fraction fromthe second separate vol unme can
be about 50 wphiMBieg)tegkout P bagsdabgirt 0 Mbagk anda i Famnabout 898 hi g ebrut 20 wppm
or |ess, aboutdg' WMARMRA ile§SiSvanPydARAMEind HaddRPMaQont RS cad PPROIW th regard
to distillation profile, the separate volunes in the divided wall colum
can be confi guitsHOREp R GYTIeEe dIcalsEt ol Ryt BriegiEnce it ot HisentiTs i | i ng
poi nt of at Iq%@pog@[b&;ﬁgurgeh@ﬁriﬁ%lg@@drg&ge@n ~for exanple at | east about 250F
(about 121C), at |east about 350F (about %77C), at | east about 450F (about
232C), or at |B48] aboEmbmgomt fabumcteony eydil thcorraiduy crobodiingnéss nat el y,
the separate VQhdiiBgeleMediEn i ditdBth WRbiliors PAMMP o6 RS PEoRLALLGN G 1§ O
produce diesel boiling range cuts with a T95 boili n%g%la;nt of about 800F
(about 427C) aboptddkhr fagptabixaspic domtbost SPODHES (Bheyo dt 0 ahput|388&psi;about
600F (about 316€u: 837 MPSS), 2 REBHhLwWRIM LROsHI 2EBSok 393°Ch RSDoutRBGYL SOOF
(about 260C) or |ess, or about 450F (about 232C) or less. Note that, if
nore than one @ WsE7 bbpid: whor hn belrettorbreiies isgh s Utiaeey gaPhd®par at e vol une,
the above T5 afdirkdRnyakg3aGaR e pdsRLk dnQnobttioy hiliddch YromhBbAGHElinge each
of the streans or to collectively characterize both of the streans.
1001001Vhen miP £yt Bvediressde ydiopfmgpniuated dudng bahpdreticatings oduced usi ng

di vi ded wal | qgpgym a%oqinﬂﬁolt l’.pfﬁchﬁctﬁda\@@gﬁli)%nc%‘c @,ew@ir{i]ﬁ ﬁfes&@i@n bftnd O

boiling point for a diesel boiling range streamfromthe first separate

vol une rel at i Vstbatterpelragienin grixed pathat asy epqefe dicael fveticat franpths firsadume.5C, f or

exanpl e at | eastc,@R@Ulsel QbotioRtrohB8RS{ec MR Dbnd aQbcyBibd bRk rARRMITRDC.
Additionally or alternately, the difference in T95 boiling point for a

di esel boi | i nghssfye velméam fromthe first separate volunme relative to the
second separ at[@ﬂml UMB:  GRBInRE ﬁfTHe%ﬁod%bgﬂéogggft[hg .fevﬁ;ﬁmoﬂin?etms! east about

10C, at |east about 25C, or at | east about - [ 001011Each separate vol une
can addi t i onalWhgregythefullar epateat of ther ssennd eraluct| fugiian iploa ehihgrhiée s Pontgt r ange

stream such a2 il gRafct Ak oh NG WHERE thf ML RIREFMARNM Abaft §ASioR}!
boiling range stream The bottons from each separate vol une can typically

be the hi gher &1 thapdhersulgeoser @i ash oty el enbodi nents, multiple

di esel boilin ge ! 1 2CH/ L / L= - or gas oil
boiling r angquqs?_ ans E}:qgﬁ&%éeglpﬁ?oﬁggge@g? grén%ce%% ﬁpééégﬁg?%&l\l/bgfl%{r%g{f’ The

bott ons st r eamh¢isin the kpdght alddie divigimeg|wadliiessécted so tipighesectglinrodugt fraghigre st r eans)

from each sepapaifs MRLUTRE AN of fhgErif 2SS pMing4d i ﬁarseﬁﬁahﬁa@ffmctﬁhst i1 lation
profile, and/or one or nore other features, or "a conbi hation thereof

[0084] Embodiment 9. The method of any one of embodiments 1 and 3-8, further
comprising hydroprocessing the hydrocracked first bottoms fraction under cffective
hydroprocessing conditions in a continuous liquid phase environment, the
hydroprocessing comprising hydrotreatment, catalytic dewaxing, ring-opening, and/or
hydrofinishing,

[0085] Embodiment 10. The method of any one of embodiments 2 and 4-9,
wherein the effective catalytic dewaxing conditions include a temperature from about
280°C to about 380°C, a hydrogen partial pressure from about 300 psig (about 2.1
MPag) to about 3000 psig (about 20.7 MPag), and an LHSV from about 0.1 hr' to about
5.0 hr',



[ 00102] Additionally or alternately, with regard to distillation profile,
the separate volunes in the divided wall colum can be configured to
produce gas oil boiling range cuts with a T5 boiling point of at |east
about 550F (aB&RH12P8WEY)  for exanple at | east about 600P{T4FULOBTIRC), at
| east about 700F (about 371C), or at | eagt “about 800F (about 427C).
Additionally or alternately, the separate volunmes in the divided wall
colum can be configured to produce gas oil boiling range cuts with a T95

boi | i ng poi nt @P8@bout Emb@iorent Abolle i598Q)of oy dne 5emifodimaeaksarppr d-18@bout  1000F
(about 538C) O\K/helré:ft? ﬁm sfcg[? Elms%pﬁ)f:u()@mlﬁie s%g&l@bo@cgms 1?a§§on £t n(ﬂl?%Elegg)qge (about

427C) or |ess. gas ol l range streans are
produced usi ngded/ials'lrl@ é&ﬁwmdl Wf@tﬂlfui’r*mi fa/é@@mélimﬁgoﬂtbﬁ ltoﬁémb Ayesinn ifster t he

difference in chn, FlQJ 'h&cﬂgcrﬁ)&'idgtofﬁx%mén&ﬁﬁc Bisd 4iRQi ddofigh range stream fromthe
first separate vo une'relative to the second separate vol une can be at

| east about 5d008Tr exEmipidencat 13. eH@tm@ét@d@f anyQ@e ofthe praigrs afodimedBC, or at
| east about 5%eré°t? TC!OP@@AIJHyOf@[{e s@JoEc? hXctloﬁﬁ%tghgtfaﬁgu?Wléﬁ thhf eP0i 11 ng

point for a gas range str rom i'Tst separate vol unme
relative to théotlﬁ@emhdfth@f@fafrm@@wv@cum can be at |east about 5C, for

exanpl e at | eagiggbouty 406G Al 11 9Bt ARAYF 1835 oAb hEABL. ANAIAAC, Of at

| east about 1 [ 001 e or ‘nore streans can be renove ornmed fromthe
comon vol une wferdithige eilipr dendemval the fmﬂ mnduct fravtbudiebgyt buwppopr kegsni ted to, a

napht ha boi | i Qg?%ﬁnge B4 Og%qr@m By boi IOne 9ftﬂ$f31%§o§ste eam_a light ends

stream (C4_ h ar bon and co |na |ons thereo arare s reams of
hydr ogen, hydrwdgem e bdsur@el,nt arimosadand bamdvlisdracmﬂm pt lmmbomnl@é(ﬁmbﬂhm jases can

al so be produc can | eave the comon vol une as part
of anot her st égrﬁog)mOFﬁﬁgtg&{%%ﬁagﬁds stream A kerosene boiling range

stream can hag%?m ling point of at |east about 200F (about 93C), for
exanple at le 215F (about 102C) or at |east about 250F (about
121C). A ker ogzaepbai Coniieutaing ¢orddw aafn diael pddictional | y or alternately have

a T95 boiling nt of about 450F ut, 232C f.or. exanpl e about
2008 (about - SAIB G, e enion e BBty AT ' 5 « reusT R Rapne b
boi I i ng range n&ﬂﬁ[ﬁﬁﬂh@(&ﬁcd@&MﬁSy&cﬂﬁoﬂ}ﬁbdmmg lcﬁ'\Oilulfﬂn dléscHtFlGeaﬁﬂbwabout 85F

(about 290C), far exanp) € at east bou )
S012/ 01208BPCTTGEIRR R Epsal S5a. Frdiseratiint Toben [LE0uB 91O R napht ha
boi | i ng range istudeans @a:ﬁbradﬁgck 'fc@rh@dlrbgfcaﬁﬁcnahrtdafrm@dire&ryckh@w@aaccif%a boi li ng

poi nt of about 250F ut 1210 o S for exa abo t 215F (about
0020) or | ess RN BBt L agB- 938 TS F asS RE TR AR IR | Girat | on
i ncl udi ng st agedrairéamenoKthgenu O usd éﬂemgﬂldcrph@@esta@n\m afevesttr, at’@’l’dtlﬁﬁi‘ to the
Sls\e“dd:.g \é\ﬂ!r Lag?rlngﬁlglﬁtgg)nlglﬁdtg)L o?stdoes canEg(e 1r§g?ucﬁed 1 I'CgCItS{'Ilqu Ol'vm%!(dnlp <, rel'lir(}?grcan be

110 can have one hydrotreating stage, two hydrotreating stages, two hydrotreating stages

and one hydrocracking stage, or any other convenient combination. Note that FIG. |
shows a reactor 110 including multiple stages. In another embodiment, multiple serial
reactors can be used in place of a single reactor with multiple stages.

[0091] In a hydrotreatment stage, a feed 105 can be exposed to a hydrotreatment
catalyst under effective hydrotreatment conditions. A hydrogen stream 101 can also be
introduced into the reactor, either with feed 105 or as a separate input. The reactor 110
can also include one or more hydrocracking stages, for processing a hydrotreated feed
under effective hydrocracking conditions.

[0092] The cfflucnt 125 from rcactor 110 can then be passed to a first volume 132

of divided wall column 130. The effluent 125 can be fractionated into at lcast three



two reactor reaction systemfor producing |low sulfur diesel. FIG 2 shows a
schematic of a systemthat includes a reaction stage with a continuous

|l iquid environnment upstreamfromthe first volunme 232 of a divided wall
colum fracti PGP, FIG 2 shows a rgactl on syst em RHAS2IH i Hes a
hydrotreat ment stage 212 having a cont i nddUs gas phase environnent.

However, any ot her conveni ent conbination of stages that operate with a
cont i nuous gas phase environnment could al so be included. For exanple, a
hydr ocr acki ng RYaje Helbs Aigt wlwenbRritkaiemg s |phaks distel bheat beoul d al so be
included. The geactd onge@pdidohoer@nd: 2atal ¥stsud iR iRy QureatoRhh (st age 212
can be sinilar to those described above for hydr ot r eat ment stages having a
conti nuous gas ¥ SSBMEMRITHGhIREN COoMBIoRPPIEPT {36 GRS saRRIeOHEIC Y BPEckcki ng
stage coul d hayen £8@6dséRRuCANARS hPASa STk Aot that MOSRirdEBGE: Peis aAME -

[ 00106] The effluent 225 fromreactor 210 can then be passed to a reactor
290 having a cBﬁ?WﬁBdﬁ%imﬁﬁ%Vﬂuﬁﬁagef%ﬂ?@?dhﬁﬁﬁt““ﬁﬂY6@9?Hm@ﬁ9%@tng r eact or
290, a hot, hi@ParRlAYISHUES, s%aparfatmepzr&%rscoaanpﬁery@amd bOusSEPrAs vt a gas
phase portlon 2 6 so t hat on aliq phase portion 227 can be passed
into reactor 2% smﬁﬁiésé rﬁfm‘teugéhple%or@étﬁr low bodws REIHE Mt h t he

out put effluengﬂ@gﬁuﬁrontreactor 290. Optionally, a portion of bottons cut
242 can be separated out to forma recycled first bottons cut stream 292
added to the B2 to Adeast vrorgom! bynscahidlean hopberasser fd tpgendgeactor

hydrocracki ng ghaegtionk awato%r@&t@h@gutqw%tﬂeqt@&t RARGAdS HouRt prokest, eact or
290 can be simlar tot hydr ocracki ng conditi ons and cataly ? for a

reaction stageUfsa fehe fﬂh ‘&P Ui dheenbpiiBiteheyn asﬂ‘aelsemprﬁéaoaba@b with

the exception @f 144hen mydmlg@mytbeeatecga@ béaheredaa I‘.ﬁ@t B deiRi) surldD107] The
effluent 295 fromreactor 290 can then to a first volune 232 of

di vi ded wal | dé7uhst cossc! vipwameds Fiudnthe ééldloaatﬁﬁbe sipaget47dnattebPY it o at | east

three porti OnSMtCM&tctl}hﬁlcfpbft§h oVEJtdAE ¢332, adbolRRh lOBBscCellt 124 3r aldchep di esel cut
244 can be produced hter portions of effluent 225 can travel up in the

di vi ded wal | @amﬁﬁawtgwbzmwnfméamtms?@ldf}m%zm ingyt 1o se@pd er  conmron

portion 236. Géuamamsqoqxta%d%%ﬁloﬁ@ms&b&mtaammt €34QM /0 PR AboIBhE CULS,
such as kerosene cut 243 and gphﬂga dﬁt 245, Note that the entire effluent
péigerlly e fideg o

295 is shown d4¥°¥Rgii{ge BigREODEseoolfPacionn Ahgsy pypntial

alternately, aiftQfcaf®éR Hatcaﬁmnaaaaﬁyatdnomdlemuﬁes Fo$ ULdinphs tlfch@gﬁthto&@@ar ators
or strippers, could gﬁﬁused prior to divided wall colum 2 in order to

renove gas phd¥5priBKepntnghrsigridichge sRegared can bw@lfe%eﬁ&? btggs Uy porti on
of bottonms cuti424 et 14l gsRlygell cadidueadh dahebidexcpansedytimgarsecond

react or 250. ion stages in reactor 250 can advant ously have a
cont i nuous ||£ﬁ$aﬂﬁﬁ§@@“3 igﬁﬁﬁﬁﬁ?%m&ﬁ¥ﬁﬁdﬁﬁ?vcmg %6??“8H%g$r ¥6ns cut
242 can be useetoasdiasel @gplittiod, aﬁwﬁebﬁﬁed@é@ﬁ@b‘@tonﬁ;lﬁ‘a&l(ﬁﬂ sa fragd t o an FCC
reactor. In thefenbodlqgﬁ} shown n FI?. n.of diesel cut 244 can
al so opt i onal PSRRI dheligsplogtPupl ﬂﬂ&m @%5@8@6 C”1§“Fﬁdﬁ@dt 8“8%5stream
247. For easeond of\bloel\Mt g rb@clEﬂ Gactidns 182end/ut 184fth alainpat e aftal ﬁizdre&ﬁ’ﬂnzéli? IS not

shown. AIterna ortion of bottons orti n of . di cut
g or hnot ot Setier e ARk D et et b e St 1Bl Nl RR Feeb R e T35
delivered as am i8aptnot @ns@@enekhrieaiad o r2odr 1979, I’Iﬁﬂtﬁ@hﬁddlﬁt@ﬂittsh@m af second

di esel out put and/ or d bottons. f on .282 can o onal |y be
added to the Flipdt Pai it dalErat il aninel M SR S e P BB o7  oars
can be conbinednﬂpmaamneemﬂ@mlemhumnhweamwﬁe&@e*ammhamukhﬂ)umpUhdm& the

reactor with the cont% S ﬂ%{d RW% nviron n can be conposed o
bottoms cut 247 UMY Ui tcagt?{l ik ?Cé“‘%f‘éé 8?5 OHf1"§at BYTEH ¢dh av0| d
excessi ve recya@xngdmﬁnhmdgﬂamaakedmﬁmﬁdwﬁMquﬁother possibility can be to

i ncl ude botto t 242, recycled se i esel 84, and recycl ed
second bot t ol PShe ¢ Biors ST SEwTE | Shrfaiae Sriitphel friasBPR s BEUe from
the first VO|uﬁBmZBZmﬁaﬁmh@yMﬂQmEﬂﬂﬁﬂthjOpmuﬁnﬁgd@ﬁ@uﬂb@h@b@aﬁ%cthe
recycled fractions 282 and/or 284 to naintain the total hydrogen need of
the input to the second reactor at a nmanageable |evel. Note that recycled
portions 282 and 284 do not constitute fresh feed to the reactor 250. In

t he enbodi nent shown in FIG 2, second reactor 250 can include a single
hydr ocracki ng stage in a continuous |iquid phase environment. Additionally
or alternately, second reactor 250 could include one or nore hydrotreatnent
stages, hydrocracki ng stages, dewaxing or isonerization stages,
hydr of i ni shi ng stages, or a conbination thereof. [00109]1n the enbodi nent
shown in FIG 2, second reactor 250 can include a hydrocracking stage 252
and a dewaxing stage 254. Additionally or alternately, second reactor 250
can include one or nore hydrotreatnent, hydrocracking, catalytic dewaxing,



WO 2012/ 012088PCT/ US2011/ 041732 -34 - and/or hydrofinishing stages. In this
Exanpl e, second reactor 250 contai ns one or nore hydrocracki ng stages.
[00110] Prior to entering reactor 250, hydrogen can be dissolved in the

i nput to the WORBL2EM208 approxi mately the solubility |i MGU/USEHLPERAI |y,
addi ti onal hydrogen can be present as undP’ssol ved gas. This can be

acconpl i shed, for exanple, by incorporating a hydrogen stream 251 into the
input flow, e.g., using static m xer 255. [00111] The effluent 265 fromthe
second react orProBw 4 andisshlepd gre. hhis secberagcompighed fer srempliebyaseprigratinge di vi ded
wal I “col um 2304 LBesfhMi 198 IR InpGAIMTD o280 Laflicifiagisonat e the effluent
265 into at ledst a bottonms fraction 272, optionally but preferably an
arctic diesel P2t i onlt®zdlucanids |liogisceand praetor bY¥s-andhice be prasvdile aisespndup t o
comon vol UTe e 130 of BSiaSIRANLIRA 1 8D Pald bl Gunte WG] faciba@e 254 15 a
dewaxi ng stage, the bottons fraction 272 can include dewaxed vacuum gas oil
sui tabl e as a 4t 165 intn et st bastome &ggiond e tndepptignaflp et prderaly pepdedti on of

| ubri cant bas - S ) (: ' : [ I 'gg}%g]% f ion 274
can be an ar cﬁidggeg)ﬁgd?el?d Qr4 é}&éﬁ %gﬁeg%??%ghgﬁ?%?wﬁgﬁl u(aagéélP g(% ese Oflf\{j)gﬁei n | ow
t enper at ur e enhpr Sthee atoduct fadion il dhiglaldyesd draghionebattgme fryctiopdr fasnaclegle arcti ¢

di esel fracti qpcatéi&@Achgh Ok SRHEAY SbuRMid 4sAN8edQb afthiRS Blocdst 36dH LB 234
1001121According to FIG 2,  optionally but preferably at |east two

di fferent gradbsd efalyicsagling erecsp elnsebdusvgtiany, regishlagepasrathsraipliiger of a

d! vi ded wal | Clﬁlplr'(mﬁct fﬁgﬁonem%ltt@ms Eh&iofli1 74 &5%9&?&3@@(1%@%&%(;& agt hepifrom a
first separate volunme and a second separate volune can be based on a

di fferent sul ftactienomt adtanpegroutiybe pritakle & gsc a5 ade'r sublupdieschiefych@repanly or

di stillation pgof k& ioPRtLlicRNALARE 1h ERLMP&IMYE INaS 1R deRbidrab iV B operty
of the fraction, as well as conbinations thereof. Potential differences

bet ween sul f urtlEday epi digsd Pepidugti the divideg WldPr peige dividediwalé polyary 1 Hygve. Wt h

regard to col defJ @WRKQDS hich&Sulr@ cbfidf pldbctf AR ofubk 382 fPRAAtM Ol UMe can
differ froma fraction froma second separate_vol une based on_a cl oud

poi nt, a pour P, OWHEREH PETER Erscer gOmeAbridpie pthe gitirgefBrbi¢rat i on

thereof. [00113JWhgns seidll fafl eNeENBRLMBLN 34 hRudiiRely QMBI iR of bt
separate volunme and the second se@%rate vol une, i ncl udes cl oud point, the

cl oud point ofthehEPHALRNderiRest Fusht ish SPBHE YSPRPUL-COUOPEHEICHN e at | east

about 5C | ess gih@R wahole@udo, RObALr 18 tent e oo ARGl @ BithEl 10Wbbiiag hlotisds. Separ at e
vol une, for exanple at | east about 10C | ess, at | east about 15C | ess, or at

| east about 23W46kss. Makewdhe ated bptapryelinget ReiEMstiHEtioy @ ender disseim t he first
separat e vol ung.@nd 74 Beses£Q080E 05 BRAL 8RN0 R SABb 4RSI RAW stR@hdtan t he

pour point of N ) A
and/or 147 exiting first volume 132 are used in FIG. 1 as feed to second reactor 150.
Such an embodiment can thus avoid the potential for excessive recycling of bottoms
portions from the fractionator, leading to reduced production of polynuclear aromatics.
[0097] In an embodiment such as FIG. 1, if desired, at least two different grades of
product can be produced by each separate volume of the divided wall column. For
example, the difference between a diesel product fraction from the first separate volume
and from the second separate volume can include a different sulfur content, a different
boiling point or distillation profile, or another feature, or a combination thereof.
[0098] If the diesel product fractions differ in sulfur content, the diesel product
fraction from the first separate volume can have a sulfur content advantageously greater
than the sulfur content of the diesel product fraction from the second separate volume.

The sulfur content of the diesel product fraction from the first separate volume can be at



WO 2012/ 012088PCT/ 1182011/ 041732 - 35 - the fraction fromthe second
separate volune can be at |east about 5C | ess than the pour point of the
fraction fromthe first separate volune, for exanple at |east about 10C

| ess, at | easWOBBMH2085C | ess, or at | east about 25C | esRCT/ESRHPH18323:

Opt i onal i ntroduction of hydrogen into réfctor with continuous i qui d phase
environnent [00114] FIG 3 schematically shows an option for introducing

hydrogen into a |iquid-continuous reactor. In FIG 3, two mxers 375 are
shown for i xi st BReet Ggerprwifariexemple et absitdd vpmedAssiebontiSwipama®3 can be

removed from reachin: R RRAod RIGLQAHGR s WE . MAXBEHa B/ & alta-rlﬂﬁelgn hEr S
di ssol ve hydrogen from hydr ogen stream 372 into liquid gf‘ébgt o at
anp

| east appr oxi n@tier spuiepieof gl digselipradjict) fraggian fragmthg figt re@ﬂdﬁdphme c wt ur at ed
liquid 374 camdoh%mhﬁlgs@tfwe@ﬁﬁplé Qbohhﬁ)or»%ﬁlt&ms%@omlf@@ € oliessEanmpl e of

di vided wall colum [00115]Based on sinulations, the follow ng divided
wal | colum i s? ev@éﬁwawﬂeob parser addigprally of dltﬁawrebugwe%ﬁapwto thef t he

invention. In fikksyr @J{iepf@laca&m@maw%aéhgl%ﬂamlvmuﬁfalcm ABYI oG pgight of
about 35 neters was sinul ated. Tabl e {)row des further information

regardi ng t he @ePampls abeut phappmor eeakeal 30 WHINLeRIcss FABId 5 YPRBAY 1%6h OTr ay nos.
Tray passes TrayuSiPaghRGr (<)

[0099] With regard to distillation profile, the separate volumes in the divided wall
column can be configured to produce diesel boiling range cuts with a T5 boiling point of
at least about 215°F (about 102°C), for example at least about 250°F (about 121°C), at
least about 350°F (about 177°C), at least about 450°F (about 232°C), or at least about
500°F (about 260°C). Additionally or alternately, the separate volumes in the divided
wall column can be configured to produce diesel boiling range cuts with a T95 boiling
point of about 800°F (about 427°C) or less, for example about 700°F (about 371°C) or
less, about 600°F (about 316°C) or less, about 550°F (about 288°C) or less, about 500°F
(about 260°C) or less, or about 450°F (about 232°C) or less. Note that, if more than one
diesel boiling range stream is produced in a separatc volume, the above TS5 and T95
valucs can be used to individually characterize cach of the strecams or to collectively
characterize both of the streams.

[00100] When multiple diesel boiling range streams are produced using divided wall
column according to the invention, the difference in TS boiling point for a diesel boiling
range stream from the first separate volume relative to the sccond separate volume can be
at least about 5°C, for example at least about 10°C, at least about 25°C, or at least about
50°C. Additionally or alternately, the difference in T95 boiling point for a diesel boiling
range stream from the first separatc volume relative to the sccond separate volume can be
at least about 5°C, for example at least about 10°C, at least about 25°C, or at least about
50°C.

[00101] Each separate volume can additionally or alternately produce at least one
higher boiling range stream, such as a higher boiling diesel range stream and/or a gas oil
boiling range stream. The botloms from each separate volume can typically be the

higher boiling range strcam, and, in some cmbodiments, multiple diesel boiling range
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and/or gas oil boiling range streams can be produced from each separate volume. The
bottoms stream (or other additional diesel or higher boiling range streams) from each
separate volume can differ based on sulfur content, distillation profile, and/or one or
more other features, or a combination thereol,

[00102]  Additionally or alternately, with regard to distillation profile, the scparate
volumes in the divided wall column can be configured to produce gas oil boiling range
cuts with a T5 boiling point of at least about 550°F (about 288°C), for cxamplc at lcast
about 600°F (about 316°C), at least about 700°F (about 371°C), or at least about 800°F
(about 427°C). Additionally or alternately, the separate volumes in the divided wall
column can be configured to produce gas oil boiling range cuts with a T95 boiling point
of about 1100°F (about 593°C) or less, for example about 1000°F (about 538°C) or less,
about 900°F (about 482°C) or less, or about 800°F (about 427°C) or less.

[00103]  When multiplc gas oil boiling range streams are produced using divided
wall column according to the invention, the difference in TS boiling point for a gas oil
boiling range stream from the first separate volume relative to the second separate
volume can be at least about 5°C, for cxample at least about 10°C, at least about 25°C, or
at least about 50°C. Additionally or alternately, the difference in T95 boiling point for a
gas oil boiling range stream from the first separate volume relative to the second separate
volume can be at least about 5°C, for example at least about 10°C, at least about 25°C, at
least about 50°C, or at least about 100°C.

[00104] One or more streams can be removed/formed from the common volume of
the divided wall column, including but not limited to, a naphtha boiling range stream, a
kerosene boiling range stream, a light ends stream (C.. hydrocarbons), and combinations
thereof. Separate streams of hydrogen, hydrogen sulfide, ammonia, and/or other non-
condensable gases can also be produced, or these components can leave the common
volume as part of another stream, such as a light ends stream. A kerosene boiling range
stream can have a T5 boiling point of at [east about 200°F (about 93°C), for example at
least about 215°F (about 102°C) or at least about 250°F (about 121°C). A kerosene
boiling range stream can additionally or alternately have a T95 boiling point of about
450°F (about 232°C) or less, for example about 400°F (about 204°C) or less or about
350°F (about 177°C) or less. A naphtha boiling range stream can have a T5 boiling point
of at least about 85°F (about 29°C), for example at Icast about [00°F (about 38°C) or at
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least about 120°F (about 49°C). A naphtha boiling range stream can additionally or
alternately have a T95 boiling point of about 250°F (about 121°C) or less, for example

about 215°F (about 102°C) or less or about 200°F (about 93°C) or less.

Example 2: Configuration including stage with continuous liquid phase environment

prior to the divided wall column

[00105]  In this Example, a divided wall column can be used as a fractionator in a
two reactor reaction system [or producing low sulfur diesel. FIG. 2 shows a schemaltic of
a system that includes a reaction stage with a continuous liquid environment upstream
from the first volume 232 of a divided wall column fractionator 230. FIG. 2 shows a
reaction system that includes a hydrotreatment stage 212 having a continuous gas phasc
environment. However, any other convenient combination of stages that operate with a
continuous gas phase environment could also be included. For example, a hydrocracking
stage having a continuous gas phase environment could also be included. The reaction
conditions and catalysts in hydrotreatment stage 212 can be similar to those described
above for hydrotreatment stages having a continuous gas phase environment. Similarly,
any additional hydrocracking stage could have reaction conditions similar to those
described above.

[00106] The effluent 225 from reactor 210 can then be passed to a reactor 290
having a continuous liquid phase environment. Prior to entering reactor 290, a hot, high
pressure separator 228 can be used to separate out a gas phase portion 226, so that only a
liquid phase portion 227 can be passed into reactor 290. The gas phase portion 226 can
be recombined with the output effluent 295 from reactor 290. Optionally, a portion of
bottoms cut 242 can be separated out to form a recycled first bottoms cut stream 292
added to the input to reactor 290. The reactor 290 can include a hydrocracking stage.
The hydrocracking conditions and catalyst in reactor 290 can be similar to the
hydrocracking conditions and catalyst for a reaction stage in a continuous liquid
environment, as described above, with the exception of the hydrogen treat gas rate, as
noted hercin.

[00107] The effluent 295 from reactor 290 can then be passed to a first volume 232
of divided wall column 230. The effluent 225 can be fractionated into at least three
portions. In the first volume 232, a bottoms cut 242 and a diesel cut 244 can be

produced. Lighter portions of e(fluent 225 can travel up in the divided wall column to
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enter commeon portion 236, Common portion 236 can also separate out one or more cuts,
such as kerosene cut 243 and naphtha cut 245. Note that the entire effluent 295 is shown
as being passed to first volume 232. Additionally or alternately, one or more other
separation devices, such as flash separators or strippers, could be used prior to divided
wall column 230, in order to remove gas phase or other low boiling products.

[00108]  Atleast a portion of bottoms cut 242 and/or diesel cut 244 can then be
passed to a second reactor 250. The reaction stages in rcactor 250 can advantagcously
have a continuous liquid phase environment. Optionally, a portion of bottoms cut 242
can be used as a feed to another process, such as a feed to an FCC reactor. In the
embodiment shown in FIG. 2, a portion of diesel cut 244 can also optionally be passed
into second reactor 250, as indicated by stream 247. For ease of viewing in FIG. 2, the
full flow path of stream 247 is not shown. Alternately, a portion of bottoms cut 242, a
portion of diesel cut 244, or another portion can be the only portion from [irst volume
232 delivered as an input to second reactor 250. A recycled portion of second dicscl
output 284 and/or second bottoms fraction 282 can optionally be added to the input for
the second reactor. These potential input streams can be combined in any convenient
manner, For example, the input to the reactor with the continuous liquid phase
cnvironment can be composcd of bottoms cut 242 and diescl cut 244. This type of
configuration can avoid excessive recycling of hydrocracked product. Another
possibility can be to include bottoms cut 242, recycled second diesel output 284, and
recycled second bottoms fraction 282. In this configuration, the diesel output from the
first volume 232 can be increased while using one or both of the recycled fractions 282
and/or 284 to maintain the total hydrogen need of the input to the second reactor at a
manageable level. Note that recycled portions 282 and 284 do not constitute fresh feed
to the reactor 250. In the embodiment shown in FIG. 2, second reactor 250 can include a
single hydrocracking stage in a continuous liquid phase environment. Additionally or
alternately, second reactor 250 could include one or more hydrotreatment stages,
hydrocracking stages, dewaxing or isomerization stages, hydrofinishing stages, or a
combination thereof.

[00109] In the embodiment shown in FIG. 2, second reactor 250 can include a
hydrocracking stage 252 and a dewaxing stage 254. Additionally or alternately, second

reactor 250 can include one or more hydrotreatment, hydrocracking, catalytic dewaxing,
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[00112]  According to FIG. 2, optionally but preferably at least two different grades
of product can be produced by each separate volume of a divided wall column. For
example, the difference between a fraction from a first separate volume and a second
separate volume can be based on a different sulfur content for the products, a different
boiling point or distillation profile, and/or another feature such as a cold flow property of
the fraction, as well as combinations thereof. Potential differences between sulfur
contents and distillation profiles are described above. With regard to cold flow
properties, a fraction from a first separate volume can differ from a fraction from a
second separate volume based on a cloud point, a pour point, and/or another cold flow
property, or a combination thereof.

[00113] When a diflerence between the fraction [rom the first separate volume and
the second separate volume includes cloud point, the cloud point of the fraction from the
second separate volume can be at least about 5°C less than the cloud point of the fraction
from the first separate volume, for example at least about 10°C less, at least about 15°C
less, or at least about 25°C less. When a difference between the fraction from the first

separate volume and the second separate volume includes pour point, the pour point of
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column having a height of about 35 meters was simulated. Table 1 provides further

information regarding the details of the divided wall column.

Table 1
Section Tray nos. | Tray passes |Tray spacing (mm)| Tray effic. | Sec. height (m)
1 2-6 1 ~610 ~75% ~4.3
2 7-18 2 ~510 ~65% ~9.4
3 19-26 2 ~840 ~65% ~10.3
Flash zone ~3.0
4 27-30 2 ~610 ~50% ~4.9
Sump ~3.0

[00116] The divided wall column described in Table 1 was simulated for
fractionation of the output of a configuration similar to the reactors shown in Example 2.
The dividing wall for the column in Table 1 can be at [cast as tall as about the height of
the sump plus zone 4, and can be less than about the total height of the sump plus section
4 plus the flash zone. Thus, for the dividing wall column shown in Table 1, the dividing
wall can be from about 7.9 meters to about 10.9 meters. Additionally or alternately, the
height of the dividing wall can be selected so that any contamination between fractions

produced in different separate volumes is below a desired level.
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stage being in a continuous |iquid phase environnent. 4. The nethod of
claim1, wherein the second effective hydrocracking conditions include a

t enper at ure f VORI 200C t o about 4508 a hydrogen pdQlY@EROBPEEBUre from
about 5 barg (about 0.5 MPag) to about 3 é'barg (about 30 MPag), and an
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bottoms fractiQgistinct products from each of the separate areas below the height of the dividing
wall. For an initial vacuum gas oil feed, the separate products included a bottoms
product and a diesel boiling range product for each separate arca. The bottoms product
and diesel boiling range product from the second separate volume of the divided wall
column corresponded to products with improved cold flow properties relative to the

products from the first separate volume.

[00119]  While the present invention has been described and illustrated by reference
to particular embodiments, those of ordinary skill in the art will appreciate that the
invention lends itself to variations not necessarily illustrated herein. For this reason,
then, reference should be made solely to the appended claims for purposes of

determining the true scope of the present invention.



9. The nethod of claim1l1l, wherein the effective hydrotreating conditions

I ncl ude an LHSV fromabout 0.3 hr-1 to about 5.0 hr-1, a total pressure
from about 500 psig (about 3.4 MPag) to about 3000 psig (about 20.7 MPag),
a tenperature from about 650F (about 343C) to about 800F (about 427C), and
a hydrogen treat gas rate fromabout two tines to about five tines the
hydrogen consuned during the hydrotreaghbng. - 39 - 10.The nethod of claim
1, wherein the second diesel fraction and the second bottons fraction are
not recycl €ldL.AIMS:he dewaxi ng stage, and wherein said hydrocracking of the
bottons fraction further conprises hydrocracking of a portion of the first
di esel fraction.

1. A method for producing low sulfur distillate products, comprising:
hydrotreating a feedstock under effective hydrotreating conditions;
hydrocracking the hydrotreated feedstock in a first hydrocracking stage under
first effective hydrocracking conditions;
fractionating the hydrocracked feedstock in a first volume of a divided wall
column fractionator to produce at least a first diesel product fraction and a first
bottoms fraction;

hydrocracking a portion of the first bottoms {fraction in a second
hydrocracking stage having a continuous liquid environment under second effective
hydrocracking conditions;

dewaxing the hydrocracked portion of the bottoms fraction in a dewaxing
stage having a continuous liquid environment under effective catalytic dewaxing
conditions; and

fractionating the hydrocracked, dewaxed bottoms fraction in a second volume
of the divided wall column fractionator to produce at least a second diesel product
fraction and a second bottoms fraction,

wherein the second diesel product fraction has at least one improved cold flow
property relative to the first diesel fraction, and the second bottoms fraction has at

least one improved cold flow property relative to the first bottoms fraction.

2. The method of claim 1, wherein the first effective hydrocracking conditions
include a temperature from about 200°C to about 450°C, a total pressure from about 5
barg (about 0.5 MPag) to about 300 barg (about 30 MPag), an LHSV from about 0.05
hr' to about 10 hr'', and a hydrogen treat gas rate from about two times to about
fifteen times the hydrogen consumed during the hydrocracking, the first

hydrocracking stage being in a continuous gas phase environment.

3. The method of claim 1, wherein the first effective hydrocracking conditions
include a temperature from about 200°C to about 450°C, a hydrogen partial pressure

from about 5 barg (about 0.5 MPag) to about 300 barg (about 30 MPag), and an
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LHSV from about 0.05 hr' to about 10 hr', the first hydrocracking stage being in a

continuous liquid phase environment.

4. The method of claim 1, wherein the second effective hydrocracking conditions
include a temperature from about 200°C to about 450°C, a hydrogen partial pressure
from about 5 barg (about 0.5 MPag) to about 300 barg (about 30 MPag), and an
LHSV from about 0.05 hr”' to about 10 hr™".

5. The method of claim 1, wherein the effective catalytic dewaxing conditions
include a temperature from about 280°C to about 380°C, a hydrogen partial pressure
from about 300 psig (about 2.1 MPag) to about 3000 psig (about 20.7 MPag), and an
LHSV from about 0.1 hr”' to about 5.0 hr™".

6. The method of claim 1, wherein the at least one improved cold flow property
is cloud point and the cloud point of the second diesel fraction is at least about 10°C

less than the cloud point of the first diesel fraction.

7. The method of claim 1, wherein the sulfur content of the first diesel fraction is

about 15 wppm or less.

8. The method of claim 1, wherein the at least one improved cold flow property
is pour point and the pour point of the second bottoms fraction is at least about 10°C

less than the pour point of the first bottoms fraction.

9. The method of claim 1, wherein the effective hydrotreating conditions include
an LHSV from about 0.3 hr! to about 5.0 hr'!, a total pressure from about 500 psig
(about 3.4 MPag) to about 3000 psig (about 20.7 MPag), a temperature from about
650°F (about 343°C) to about 800°F (about 427°C), and a hydrogen treat gas rate
from about two times to about five times the hydrogen consumed during the

hydrotreating.
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10. The method of claim 1, wherein the second diesel fraction and the second
bottoms fraction are not recycled to the dewaxing stage, and wherein said

hydrocracking of the bottoms fraction further comprises hydrocracking of a portion of

the first diesel fraction.



