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wal | colum as a fractionator. BACKGROUND OF THE | NVENTI ON [0002] The

equi pnment necessary for refining operations is one of the major sources of
costs in a refinery. The equi pnment can include catalytic reactors,
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fracti onator or separator &addi GOBUMNHRAGEIONATOBr, to separate out the
various products produced in the catalytic reaction stage. [0003] One net hod
for saving on capital costs is to allow nore than one reactor to use the

sanme fractilBh&OF THE BNVEPRTEON No. 3,412,016 shows an exanple of a
fractionator at includes multiple volunes. In this patent, two
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oct ane gasli Q@%aﬂ%&uﬁﬁl%teﬂﬁ)%ﬁ)ﬁﬁoﬂ.n the fractionator. In the fractionator,

the light ends portions of the two gasoline fractions are allowed to m x.
However, there is no d ription %r suggestion of any interaction,
recycli ng,M@MB line "bottons" portions. The outputs
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provi de anditchgs in a refinery. The equipment can include catalytic reactors, fractionators and/or

separators, and other supporting equipment. 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 of a fractionator
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 fractionator having multiple volumes. In this publication, it 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
separated after leaving 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 continuous zone. The effluent from the hydrotreating zone is then
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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

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
accor di ngvoaommiers®odi ment of the invention. [0009] Fi g. peTash@mati7eal | y
shows a reaction systemfor perform ng-a-process according to an enbodi nent
of the invention. [0010]Fig. 3 schematically shows a portion of a reaction
system according to an enbodi nent of the invention. DETAILED DESCRI PTI ON OF
THE EMBCDI RipHEN &F! ' vi des various systens and net hods
for inpro ERC IO} O D gnmpgeds. I n various enbodi nents, the
advant ageq0008f he 3ygtleheramitaliptiodsa eanionskidefor patforatigg Aptockssm ted to,
reduced equi pnment needs and/or reduced cost production of multiple

di stil | at ECpYEHEAP 28 LPEREIN} BREhEISNPP® react 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 bottoms
fraction can be sent to the second hydrotreatment and/or hydrocracking reactor.
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
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fractionator as part of a two-stage hydrotreatnent and/ or hydrocracking
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(or other ggaviy bRl kPDh d‘-ff)ﬁl@le'@s%‘glgl%i/agE h@a%hsr Sitast taGiHuBRALRhirokReHTE. A
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amount of Wmmwmln@apbe@bnﬁmuwwwgkplmw eedronmentmmbwfwmefawnh an

hyd t i t, .
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hydr opr ocessi ng reacti ons. Thus, the anmount of hydrogen required can be
reduced, as a substantial excess W) 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
t he requiwecdomymerss of hydrogen for processing the feedpcOutsecanaki7gy a
hydrocracking stage with a continuous 45quid environnent can al so be
i ncluded after a hydrotreatnent stage but prior to the first fractionation
vol unme. [0015] I n anot her type of enbodinment, nultiple reactors and a
di vi ded | u i llLate
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| ess, about 1000F (about 538C) or |ess, about 900F (about 482C) or |ess, 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 distiIIates _cat cracker
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f eedst ock can contai n nitrogen-containing conpounds (abbrevi ated as
"nitrogerwP.20Rarn2@ranpl e, the mneral oil can contai n arcClrasstilaboer 5 wppm
nitrogen, based on total weight of the-@i-neral oil conponent. Preferably,
the mneral oil contains not greater than about 1.0 wt% nitrogen, based on
total weight of the mneral oil conmponent. In general, at least a majority
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m neral oil portron of t typica contaln
sul f ur - conisailnbagnsevoqgkunds (abbreviated as "sul fur™ or "sul fur content").
Such conpounds can typically be present in the mneral oil at a sulfur

content grgagghcdshan about 100 wppm often greater than about 500 wppm or
greater th‘%an a %ut 0.1 wt% based on total weight of the mneral oil.
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wppm t o about 6000 wppm nitrogéen, preferably about 50 wppm to about 2000
wppm ni t r cYENE Gabofir 208°ah attcambopipTHOP o (abloouZ 882 0Nt lgapimbritt ¢FOHFE faboBur t her

addi tional],y, al t.ernat el § str suitabl e for., use herei n, have
Fr om about’ o0 ApPHEED Sad io0 ToE68 amn: A imafy cEhustifel IE BBkt 200
wppm t 0 ah@HharOa BRA BYRRIR poitfofabet 1200TR @BeWI64390) WIBR) Lod cRBAME aBSt000
wppm sul fur. J;0021] In various enbodi nents of the invention, the feed can

addi t i onal 11903t (ahpeteYRat eorylessnahaud €0FAE dabout 5667561 ot tasp ahewtt 1098 @byt such

o e o ML o AL LR BTt SR,

pyrol ysi s th¢ f®dstaidcanl tgahatacRiidsd ©y 1he bodmgwpidt rafuiRampPbeiedkseciicdsuch
materials. Mre specifically, the Iipid material .includes one or nore type
of 1ipid dwhsalage sl theifprdd Tob spyumlastha fanrsyyredrayiredi tebediptpstdompeahdtls t hat

are insol ybl £ Lr B & as Luts S04 it 1 ggfﬁgg?errreﬁ%ﬁhbg)?gﬂenz,ﬁhé/ Rithstock

Non-limting exanples of such solvents in e alco ers,
chl or of or mandhkyd Tabetlmieeint b€ atZlexst ab@and0adhiaboet2i087(S), fdrexeaple 4t 0AR2] Maj or

classes of  uPlsTRr (S ISP 1L 00t sUEE Tanat 2obc). alidaShnblt s9RE Y
(about 288°C), at least about 600°F (about 316°C), at least about 650°F (about 343°C),
or at least about 665°F (about 352°C). Additionally or alternately, the feedstock can
preferably 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 900°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.



acids, glycerol-derived lipids (including fats, oils and phospholi pids),
sphi ngosi nederived |ipids (including ceram des, cerebrosides, gangliosides,
and sphi nyoryeldiesy, WO 2012/ 012088PCT/ US2011/ 041732 @CI/ust@nmouys2 and
their derivatives, terpenes and their derivatives, fat-soluble vitam ns,
certain aromati c conpounds, and |ong-chain al cohols and waxes. [0023]In
l'iving organisns | i pids generally serve as the basis for cell nenbranes

and as a ‘;[9 al(r)boh lre g?&elés){aﬁ&i?g%ﬂnbﬁ'of'ﬁleﬁg sﬁ)cﬁ%m?? 1{‘[18%21%?0&%9%8%1119 with

pr ot ei ns eins an
|ipopolysa@ﬁﬁ@ﬁnﬁﬁabmkﬁﬁeﬂhEXﬂmpgas)oFowegﬁqabMenﬁnkﬁﬂbhahne@nmhenuaad in
accordance mnth this |nvent|on I ncl ud are not limted tq rapeseed

(canol a) diPPUt XuPPBARregen, basge g L&talowlghtai 9 @W@Falerhwm@amﬁto freferablym
kernel oilgy ? Hl?l?é?éﬂtoﬂodolnta]nlls il %f'e%e? ltl+a'n a%@gﬂxlsggh(y Iﬁ?Bé'énobésed %ﬁ%t@l{wﬁghv of

j atropha ol | 0] oba ol iFve ol canel 1 na ol afflo
oi l, babashunnnéalmkﬂdmmwn@mlIagdknﬂealbmamnmyhnypﬁﬂ@&@ﬂgyamabme1mﬂk5 as

referred t heiein can al so incl%ge processed vegetable oil material.
Non- | i mi t i'RG" 8% SIPBPUUUBECNFOBWUREY veget abl e oi | material include fatty

acids an d h@lﬁ%q acinfedhikyh (?f #gr(gtftﬁﬁr; lof"cﬂ@flaecﬁﬁ)tcﬁ rv&ﬁll&%ﬂézﬁ@' do¥itaiCl ude C1- 05

al kyl esters e or nore o eth propyl esters are
preferredjuﬁﬁﬂ@@ﬁﬁkﬁ@pbﬁ@owmhdanaﬁa&dms“ﬁhﬁw”mahuﬁérumﬁmanSadcordance

ith th t | , ted t beef fat |1 h
T "l o i Fanagics]fie el A byingr ik Sl e Ritar orhanh Eeafeb e o . o

B?OSSE?: 2%@192{; Illjll')‘lvtajir)bfeg SHich gl erIRa é}%u’t 0 WHHMAGr GRATAUANbSuENH wikat
based on total weight of the mineral oil. Preferably, the sulfur content of the mineral oil
will not be greater than about 6 wt%, preferably not greater than about 4 wt%, 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
water, but soluble in nonpolar (or fat) solvents. Non-limiting examples of such solvents
include alcohols, ethers, chloroform, alkyl acetates, benzene, and combinations thereof.
[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),



[0027] Animal fats as referred to herein also include processed ani nmal fat
material. Non-limting exanples of processed aninmal fat material include
fatty aciwe zaredbib@sty acid al kyl esters. Al kyl esters typiraskén/ouriet ude
Cl-05 al kyl esters. One or nore of nmeth§l-, ethyl, and propyl esters are
preferred. [0028] Algae oils or lipids are typically contained in algae in
the form of nenbrane corrponents storage products, and netabolites. Certain

al gal stralfsqs BAA {11 Ff%ﬂ ﬁv F‘ et@@%ﬁés%?lﬂ tRAE rRr%%\IQés fa‘? %luﬁf&%ﬁﬁ@rﬁb‘??ﬁ%ﬁ“ a,

contain proportiona vel's of |1pi sour ces al gae
oils can cammhanmconapqnndsg aadrtnnlgtcshmrealg)holsfandnwa&em %to 40 wt % of |ipids,

based on t h% wei ght, of the biomass itself. [0029] Al gal sources for aI gae
oi I's incl U8823byt p Evingrorganisngse Hpids gerpmilbeteryn asrha hrsinior e51EBembrages al gae.

Exanpl es Oafndsch'%rfoﬁll Pl ﬂsﬂhEQeL idsNAHIRBYE Fourktlo F’lﬁ%&t&gt\ﬁhha%%{e sQJfont ophyte,

tri bophyte, glaucop yte orarachni ophyte, eugle
cr ypt ononadrbodiydafds agpeh Iammthplﬁgnquﬂlqutmﬂns amdlipdpelysadobaridasd conbl nati ons

t her eof e errbodl a n be of the classes Chlarophyceae
and/ or Hadﬁgg%lbta Eqgup %.Oévesﬁ%%@ s dpenUssesaiont path (g speci es
can incl UClﬁven*ﬁHh u?crh?denﬁﬁt dré Bl1ERidQo rNRIGR @fdota QJﬂe ﬁ%&i@'@e%c«ﬁﬁ%ﬁdesws

di nor phus, Euglena gracilis, Phaeodactylumtric rnut ‘urochrysis
carterae, senflowmesiiljpalpacy, maimkemehslélmmwldulinseam dilGhll artydonmonasistor

rei nhardtii. eedst.ock .can in de v unt f feed treans
Lason on. bt atcobE PSR e Asas pilcEmeRaY bR ISl PiasSEET oot
about O. 1tm0{q,gf1aﬁ@@ige’gp&§%qil,on a bi ocomponent source, for exarrpl e at | east
about 0.5 wt% at |east about 1 wt% at |east about 3 wt% at | east about 5

w % at | d8825khboutVekotabkedsils @p rfzftrretdeiaslterciﬂoom aldbinghudle pravessad Negrddddpitent s,

t he feed d I t | bout. 60 wt | f
b e conmondneRtl o qton iRl sShm el 5 AR S b P LRl R Mg b iR, ots.

or about 3QdWA% id hR§Bestdr§ mwgzqeést&ﬂbﬁﬂéem@nﬁ@udé @?C@ﬂlk?’ﬂést&@ bheepnponent
feed (e.g., for co-processing with the mneral oil ion of the feed) can

be rel ati vaor of msthyl, qﬂ@rl Jrelqrapyd @ sigl st aie Bretf@‘éﬁﬂl that includes at |east about

0.5 wt % of sto dona ource | east about 1
w6 e+ JOEEED ouEamans o Hpty PO RRTEied B Groa i B i BBbmant .

the feed Gadluds®ut aromat limited toabé@ragtlow)) e fd@arah dutkey fat VisHoraWoil, @8  Of

bi oconponent based feedstock, for exanpl e about 15 w % or_ | ess, about 10

wt % or | eshicken faipdhie asingl %t@@am hesebtained from any suitable source 1nc1ud1ng

restaurants and meat production facilities.

[0027] Animal fats as referred to herein also include processed animal fat material.
Non-limiting examples of processed animal fat material include fatty acids and fatty acid
alkyl esters. Alkyl esters typically include C;-Cs alkyl esters. One or more of methyl,
ethyl, and propyl esters are preferred.

[0028] Algae oils or lipids are typically contained in algae in the form of
membrane components, storage products, and metabolites. Certain algal strains,
particularly microalgae such as diatoms and cyanobacteria, contain proportionally high
levels of lipids. Algal sources for the algae oils can contain varying amounts, e.g., from
2 wt% to 40 wt% of lipids, based on total weight of the biomass itself.

[0029] Algal sources for algae oils include, but are not limited to, unicellular and
multicellular algae. Examples of such algae include a rhodophyte, 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



[ 0031] The bi oconponent feeds usable in the present invention can include
any of those which conprise primarily triglycerides and free fatty acids
(FFA). Thwotnixgliyaser i des and FFAs typically contain ali phattseothypdriezar bon
chains in their structure having from®89to 36 carbons, preferably from 10
to 26 carbons, for exanple from 14 to 22 carbons. Types of triglycerides
can be determ ned according to their fatty acid constituents. The fatty

aci d CO“Sts%zhagé‘éa% ifiélﬂdé)%u{ £8%01 ¥mA&d & We@ﬁﬁo#ﬁ%@%ﬁ%ﬁa@&f Lagharhy (GC)

anal ysi s. i's analysis Involves extracting t at or Oi saponi fyi ng
(‘hydr ol yzidigyrphne, Bigtlemargradilis, Rinme@éichihgn anicaahkyin, Peugachriét dayleyaeest er  of

the saponified fat or oil, and determ ni the type of thyl) ester using
GC anal ys@ér.ymr?ﬁ”%é?a@%&% {mis Tt _F?@W ?@Q%fc%dﬁ@éff%t han 50% of the
triglyceriggsgf e?”ﬁhe'fébd%t‘%@k kégﬂn@luﬁ@k%{y‘iﬁ’g‘ arfAMPS CUTREAREChRE off10 to C26

fatty acid constituents, based on total triglyceride present in the lipid
mat eri al . Hrogonipenentaotuceg | When dekereid stha fendl cas icdudeany laagt @bost 0. UettUr &

identical to ,the reaction product of. glycerol and thr fatty. acids. Thus,
Al though. det PRy BBAPURORSOREY SprrBRdoReam sdbbragt BamPt-abhogopi (y
acids, it sReyldide: sdes ﬁﬁt%??t_l%&@hb%ﬁﬁ %@%,Wle@ﬁ'a@o&ﬂwn/%% aflRES 2Bt

necessarily contain a carboxylic aci ydrogen. |n one enbodi nent, a
maj ority ofS wivh.glnyweh cabgdipreatsethe feedl canadpitioodhpormistnataypinclude about 60

2012/ 012088 [ US204.1/ 041732 -~ 10 .- feed f b b i,sed of Cl2
Lo e s ot e PR R oo e sy R BPU SPAPD I RS R RS O s

types of flegdoitdrvalit 30 Gtoder e dirf 5then ditldagémalthd anouRbebioddmpeiEaPRRAt S can
include fatty acid esters, such as fatty acid al kfyl esters (e.g,., FAVE
and/ or FAEER.. [po@sppeissespindaminaleq] aorege pf heifeadn gat bhgdatvebasnalleans

typically fﬂf%gtahgé \i}ﬁthﬁg‘é@ﬁ th&Wnahags%g?&st%gutgd’!§ Wg oocf&?écgg%ﬁ bafe‘arone{a”p' € a

bi oconponent based feedStream can contain up to wppm ni't r ogen,
f or exanpltéodsnpionedzouice, 10, wydpant abdut dgelo, at Rastabdutd S5wit,roogelraantdowr

sul fur, the primary heteroatom co nent in bj oconponent feeds is oxygen.
Bi ocomponeh¥"di &g&chﬁmmﬁwm%ﬂgﬁ@wgmﬁy B %Pe}‘naéaﬁ ipeloetsd meh as
about 10- %%‘%%%&ﬂﬁ&ogfﬂy}ﬁ%@?‘!%éds UFR e83m e'ele@lﬁltl'Sth% Bf 1cEQ5Rk | N

vari ous enbodi nents, a colum can be enpl oyed as a

fract i onatlilomt% onkess, ol hleoudiSwittledr ol | col umm can contain at |east three
separate v S. e of the volunmes is a common volune, typically | ocated
towar d the[(abgﬁeof {THE bECoTREE TS E81 RTRESER RN EaS APhOl he

di vi ded wahbsGolitHBofRik e RMETE Mol Y HBEMSERALAT 88 af (19 eagR ot her by a
dividing wall. The various volunes are all 1n fluid comunication with each
ot her vi a ttiplycendmyend VEAs hypicaHyweunam alpdatohglrovdrb@acthiaossn Wicitstacture

fficiently. high hoilji int should typicall t .be abl I
the. col un VSRR Ob SHEORPLHECS FEbih < pe-TbRRof P o5 IRE 1Bl Bkampl o
thus ef f ect salans! Tapdsi Akl Betidel earPed db@Rd A-a64di s thoir helylabig poi nt .
[0034] I n various enbodi nentS bel ow, the divided wall columm is described as

havi ng onecoagitngts. vBhaiaty asid congiteataeaatbedeadlyletsmingdwsingrGasa di vi ded wal |
at oast ongoRaRRl®Y EobRarEral IRL Bl ERR b R MR TR s i par a e
vol unes andp@sfyignghyaolpdihg)alic faner ik pacpatiag al alkyh@sg., 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;g to Cy¢ 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



[ 0035] The vol unmes can be arranged in any configuration convenient for the
desired fractionations. One option is to have each of the separated vol unes
occupy rowmgizhiz/oaensal portions of the divided section. FecTasanplogl73a

di vided wall colum with two separated l&reas and one common area above
coul d have each of the separated areas occupy roughly half of the |ower
portion of the divided wall colum. Simlarly, a divided wall colum wth
three sep C t imtely a
third of TRe [oar DR e 0Pl T B LR R ORE MRl AR T8 P
WD 2012/ 012gR8EEK dISRAL 10041 FP2s eflfbed thas epalcdt @biframéaslogianl rhwveateiiflf er ent
vol unmes, whi ch, dependin n the conditions. under ich the divyided wall

col umm | s GpEPhHHCaT g Tl sk IR sbet & A 560 0% flers o AN e

vol une expggtR#AHHO036] I n various enmbodi ments, the position of the dividing
wal | can be any conveni ent position that |eads to the appropriate vol unes
for the sdpAB2} ed @ieasnporomt tasai dicsbétoivag rango femintrdeans typically bawghl y r ounded

cylindrical, sh ,_one option includes havin di.vidi ng wall that

Cor r espondSHTEIK ot Siienech o I CORERn ! LR B RIFOBIBREES Mo separ at ed

areas W t e Rugdth ¥aedtRhin & ABS 36@%@%&9%&9%@5}%5@% thayb@a 08 di vidi ng
wal | that corresponds to a chord connécting two points on the circunference
of the rourpiedngtegpe bstead ohnigiogemeriger sulvpithd prgmarydgiergatemgomadigntof t he

rounded shape, thus deading to di.fferent vol S.1Nn_eac arated area.
ST anotnBrrser B erRd feb® Bt ErbRt dRss Tl e REr RePaBRES SBncentr i c
circul ar vahmesddRmidias apparat edwebkygns. Wile it is believed that
roughly rounded cylindrical shapes are preferred for the external shell of

di vi de wqhkkgakygpébm%f%w%ﬁg%ahgkagenents for a dividing wall can be

d
equal |y apptteato cotunns having other shapes. [0037]In an enbodi nent, the
di vidi ng v@bB3ran havaisushaibimdiiat divdédivhil enab@itah ®c ahp@Wefias ar emoval  of
two or nore fractions froma separated volune within the colum. This means
that at | deastiopagonitpwer iBWéhYlﬁéci) wab colymnrgag opitei atfeastirmesapyaicune can be
removed fr S r . Fo coul d be
used to pp%gkgg'gg (ﬁgﬁgg§3§%§5§§£€?ﬁ&gg#?%ﬁgwéﬁgggg%gg%&§%%?253553?ream
t hat are wh¢ bididedrwdlr @irhhe Thepaiaaiiag vvlahiestn te divilabwill osiubalcaw t he hei ght
of the dividing wall. In one preferred enbodi nent, the dividing wall can
have a heil§Piesaihyplumes sepriated gﬁm cpeh aiheighy ¢ B1vidisnbply The vEsRisoPlRgse
fractions : ; -t 3 0 odi nent
t he heighfﬁégﬁ}ﬁe Ef@#ﬁ?ﬁgmag??ﬁgﬁﬁg%gmge e??g%) agig&gﬁﬁbgﬁﬁ%g ‘ing the
anount of mooteam fnatioonwitktiweircidntly gh boiphgpenoshootd tpaelly notdbembtedaced by

the colum. For exanple, in di vided wall colum that. produces djese

[ ract | ons tvaEEh ap Rk oy T caRnLE ThetdPs ETBmea debbias arasele
fractions pfs éi‘fécfi%l?%cﬁé&?a‘tih Yhe p%&%ibuﬁ?fr@d%ﬁm@'b %6ﬂlin§ﬁa%ﬁlft.l on wt h a hi gher
amount of sul fur and a second diesel fraction that Satisfies a nore

stringent [6034] fi cdn vamouSiensodinhans bgow, thoweridesiukdllcolemntieddsyribddmssuch an
exanple, it may be desirable to limt t apount of exchan h occurs
et ween t HEVIRROTEF QLG PLEET BSOTE PR LR SRUH DA TR WAl ght of t he
di vi di ng vi@ldm:€asuldelss BhRChRY dr@ndrb Bardt&eyv AR ko Aing & IraE A 3dasObhe

between the fractions. In an
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 arecas
occupy roughly half of the lower portion of the divided wall column. Similarly, a
divided wall column with three separated areas could have each separated area occupy

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



WO 2012/ 012088PCT/ US2011/ 041732 - 12 - enbodi ment, the dividing wall can
have a sufficient height so that |ess than about 10 wt % of the product from
a first swpanetmewssol ume corresponds to substances frompaTascand4wapar at ed
vol ume, for exanple |ess than about 5-wtl% |ess than about 1 wt% | ess than
about 0.1 wt% or less than about 0.05 wt% The anmount of contam nation

al | oned/ desi red can be dependent on the nature of the product. For exanple,
i f contam 5%@% 0 I

gover nnent @ﬁc{ahgate speci |d2f£%}?%§%gl¥m%sfwg?éh 4 P?lllelgrén%e dmcﬂ Sugclleﬁg wal |
hei ght canwlioeh geldratietlwhid cblumntis operhiad) may boproportenodredatsierno fgemiounavel |

such as | ess thaq about 0.1 wt% or | ess than about 0.05 wt % Alternately,
if the dedirFachw!pmggEReckdnt ani nation is due merel y to decrease in product
val ue wt cre be bal anced
agai nst O[Ihgré]gcongﬁng%ﬁ@g%gfﬂgg%%etnﬁ%%éedﬁo\ég%nwtﬂnﬁkﬁd@n\?@ galﬁl?r%é: %ly i ons and/ or
nodel cormmuv@mﬁpemtmmﬂta’sleadmtobhe agedpriate datumesiorehasepapprdapeasater di vi di ng

wal | hei gh ] Addi tii onal | al ter atel y, e ht .of . t di vi di ng
wal | can®BEvighd Bt Eahuca e Drgy Selikg Ry Brdricat Shnos HB“%W@RHEF\S t he

col um. FQfayfpdi Meﬂan{grmpﬁltat RIrRAp&RA tHY d?an@te%tdfltﬁeaédhﬁﬂn Gt oukdne

condensi ng zone or stage for the product can represent an upper limt for

the ex pectmddmeﬂghtsemtfratcd aged wftbrougéibmquel‘ Vqlh@efgmmth@rrmgnuncl@bs t he
exanpl e o preve natio di es ract. selecting a
a6t ng PR PR SR LTRGBS SRAERE Y SR AR o ese
fraction veelghfdrenRaPeld ©dnded dhipd ér t6 Qrﬁi@-{ﬁbﬁ@ inOSlving rabetly twdo Wd#odthd ess,
for exanple to about 1 wt%or |less, to about 0.1 % or less, or to about

0.05 W % d@um®§§ha1{e@éw@]lqzdmgﬁerdlféquttvomeﬁﬂ19 cgh S@p@réteﬁafe@t yhlkanethgei ght of
the dividi 0 res of

t he divide Wﬁﬁ CII%C%FE%’% 2 orﬁlgé‘g]rgr%:t%t E%E%E ﬁ(gll%e{#t?lc C%P%F @rﬁl\r}ll‘%%?oﬁgﬂ%val | can
be sel ect esdpztrated(pbftempommpplrs(bthﬂeﬂlay rét(ghﬂ}hﬁ)uhée(gdf)ﬂmbﬁta/mmpeﬁ hee bott om of
the colum a Still further addltlonally or

h f
a:c teL naL ewefgfrﬁfi fqd % ?I%‘F‘losthﬁ@ gﬁ %dﬂ&ﬁ wm%m%&@w%g ]gmaerﬁ% ¥Re hei ght
of the Otcfl{?iﬂl ev?efll@a.'ﬂ% eélf‘{‘/l?}y%i%l@%w | %’Hl\fmé&ﬂ éﬁﬁg urt her

addi ti onal t er nat el ght t he” di vi wal | can be at

| east aboq003‘5]% of Th hEeﬂnbb@hteanthetd’ieidﬂig\/\i/ﬁibchMVh adolghnthat fsodll excagple at
| east about1 25% or at ast about. 30% Again addlé)l onal ly qr alternately,
the hei ghtalgf ff’héenéﬂV\?l N hangre faRtions 3B AS PSS Y OB ST iGN e oRigMyhe of

the divi deghiwalhnGRhURMbast @ ﬁaaz&ﬁapé tﬁa@&%t nﬁQ%lfhrth& €5 SmoARBUIMOOWHRr | ess,
about 40% or | ess, or about 30% or | ess.

2012/ OlzoaemﬁirédﬁQt@ms/emth 2rea. T8r exauide, ta sypaiatedrvob.lrmeecmméd be Qﬂ'ﬁid)dl ment s,
the height of the.divided wal ers Iess for

| | b
o 6 asttuc S Ve, 4R py O e taEy Rl B! gl ey o1
or less, QrorBRWepdidtcdBbRM% Al 1b&%Bn below the height of the dividing wall. In one

preferred embodiment, the dividing wall can have a height that is sufficient to allow for
removal of two or more fractions from each of the separated volumes.

[0038] In another embodiment, the height of the dividing wall can be selected
based on controlling the amount of contamination between the multiple product fractions
produced by the column. For example, in a divided wall column that produces diesel
fractions, the separated volumes can be used to produce two diesel fractions of different
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 fractions. To limit such exchange, the height of the dividing wall

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



[0042] I n enbodi nents where a divided wall colum is replacing one or nore
existing fractionation colums, the dianeter of a divided wall colum can
be sel ectwd 0r/tibes8 t he cross-sectional areas of the separTatseonolTaes
roughly correspond to the cross-sectiond- areas of the individual
fractionation colums that are being replaced. In an enbodi nent, the
cross-sectional areas of the separate volunes can be within about 10% or

| ess of t = ' L-adi i ' col umms
bei ng. epliuad g SEE L AAAL SARAR s ERLOR AL, il RE hARTRTY

enbodi mentwt’ dhihe ipridaci Bomaf firstrepatiateid dethinvad drres pdrdistto suebstanos! fughe at ypi cal
conponents of a fractiopator.. For anp)] e, .a series of trays can | ocat ed
in the di vFeRY SRBITRICESPUME (& caawp AR atDuEE s Raterotran Sy owt_")'éﬁgsst rays
can be | oggieshiunoliRaos QMR MAlHIR-0.63 ek, ThaySioeAbRenhAGRked I n the
separate volunmes. The tray l|ocations and/or spacing in the separate vol unes
can be t hellowmed/dosiredicafi be dapenidantemche uathiend thodsrodnctalFoeexratpleef t o trays,
any other type.of.internal structure.typically found in a.fractionator can
be used, | SRS iontaB R psaradet RLEN QRS was el MeResist ) GUFa ands or
vapor di stgpb&iBEAI0R, or oty kcuaBae R théMAHing OV d1816di @t $an BE sdlé@ed ok Bmit OF

conbi nati ons thereof. The divided wall colum can additionally or

al t er nat elSpniagunaiga to eteqre siymigerllovol.seeh anlgssdharpkaws Atlsvt’s geleseidan 1 ash
zone and/ o o, R ' ondi 1 - (] . Ph Vi ronment
Fo0aa] 1n vaoRobE Brsoa RoPLy K ROR R b QI A RORER LR

envi r onnenfecease ingrodedvilos with drdeticeat ingtityg thehdididogredkhdightabukl Heeedst ock.
A trickle bed reactor is an exanple of a reactor hayi%g a continuous gas
phase envitGHRehigainsholRChyInem CgRlgRada anLnbed i@k BRI AERFEP t 0 a
hydr ot  ealiigt c6Abalnishoutletis ehf Retdol s, Bugahe sahBRObrifienfidiheRay The
catalyst in a hy ot reat ment stage can be"a conventiona hydrotreating
catal yst, sughh as a catal yst conposed of a G oup VIB netal and/or a G oup

VIl netal tional ]y but preferably on a support. Suitable netals can
i ncl ude, g8k e noAtddvtMﬁaﬁ}éar tligmaelyaihe ,he‘rgmz‘kfgtﬁ? dH‘HP%&Yéﬁ&ﬁ‘i‘ be piledekn, or

combi nati %%ect) eh%%catig’ﬁ 6F £E&REN ﬁ%g%ﬂ%qgitw&l%.”%ﬁ %i]vitnggllo;dg&ﬂg'%) | ggnd

Ni CoMb. Suita supports can i nc ut are not , ,
si | i ca- al iy sndastilddtiomicnbm, theamwndgnspig wonbastagnr denbbdat consptdverteof . WO

2012/ 012088PCT/ US2011/ 0417 -.14 - [0045] The reaction caonditions in a
o canthart At Srpested it of et Sy ey U RS PR RGERy Fep s ul't o
content ofcxhhgld FESIhBAT oA MBI BARCEH OB $ractidiB, i&@ﬁhg%ﬁﬁ@iﬁ% idllons can
i ncl ude a |I(?;;Id hourly space velocity (LHSV) fromabout 0.3 hr-1 to about

5.0 hr-1, heighbreirespoedisgtetht cordcabiogzomoEr psliqgel(fastion wdulld hiragpcted tabout
3000 psi g (about 20.7 a Jeat cont ai ni | gast, about 80%
nyar ogen_(PEVE et Kh b § s vegaly SOMA B PuBL ot aefrBlibalioue
500F (about.1 20QGx 1459, @heUbo RO wBberles¢27C). I n one preferred enbodi nent,
the reaction conditions can include an LHSV from about 0.5 hr-1 to about

1.5 hr-1, [9040k al pFuebeadditionally edipmaidpohpbpighy efibeidivaling wekhgyn by about
o about *75bpanTiedbEf o BRlERel RERTHEL fed LATSERRML P ¥eut PoRE 70
del i ver ed Hefpha ohphdrdddid@gtwitindan beagected to correspond approximately to the height

between the bottom of the column and the height of the flash zone. Still further

additionally or alternately, the height of the dividing wall can correspond to the height of

the bottom section of trays in the column.

[0041] Yet further additionally or alternately, the height of the dividing wall can be

at least about 15% of the height of the divided wall column, for example at least about

25% or at least about 30%. Again additionally or alternately, the height of the dividing

wall can be 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



havi ng a conti nuous gas phase environnment can be based on the
stoichionetric consunption of hydrogen in the stage. Thus, in one
enbodi menwQ 20te1keseat gas rate for a hydrotreat nent stageTaseoibe4f78Dm about
two to about five tinmes the anmount of -hi3dr ogen consuned per barrel of fresh
feed in the stage. A typical hydrotreatnent stage can consune from about 50
scf/bbl (about 8.5 N8/ nB) to about 1000 scf/bbl (about 170 N8/ nB) of

hydr ogen, 3 t t he
AR B T R A G T E R L T

treat gas’KbhabmamlasibranmaﬂedhnﬁGOnﬁmﬁﬁbbkmiabmﬂBSl&ﬁﬁhﬁihﬁaabomﬁhbut
5000 scf/ bbl éa ut 85% 3%one preferred enbodi nent, the treat gas
rate can Hﬁm? SBAECPY IF%£§5% Sfive times the amount of hydr ogen
consured. (ks t haly LRB,ARRKE ik dBRRd IIPSIERh & rebRcilSnb F fuoff hydr ogen
flow, drogen IS ?lvere as part of a gas stre V|ng ess than
100@6hydrGg&mngﬁhenmRManc@aﬁmsahedhnm&nhéadvedalWa@aduanamhe&aan@by)

proportional l her 047] Vari ous enbodi nent s the invention can
PP ude onBitgle (oRasjotadaras bl ihs Soragosotmis HeD SrEopTadieohas phase
envir onrrerstectlcﬁléﬁmaseéf tRé lﬂamawp It iiiafibn BYERAS Fiae Kﬂe%u%@%éﬂab’&t Sn AN

i nclude, but are not limted to, those containing , CoMo, NW
and/ or Ni Mbogiméntothe ctass-sectiondlianeasiod ﬁleﬁﬁparh@ woatrn@rcanh@ wadiimegpqut &0%r r ed.

Non-Iinitinq ex Hg es of tnobLer WEH%Q cr?chpn .cat g XFtEican i ncl ude

t hose based %Sﬁ"g 5t UM &l ot “pa IR UBpEPt ™ HaPEPEal s whi ch
may be usqum@ﬁistwhgmimbmhgghrgﬁsthe noble and non-nobl e- net a

hydrocracki ng catal ysts can conprise a refractory oxide material such as

al uni na, s[iﬂﬂg%]a allm monepre¢tidat embedimseisgbi Fntermrwtféhﬁa@mlaé wal\@olumn can

2012/ 0120885 /USZOllél.O/rr(l)4%332 _fa%actlon ort I%or xa%‘n er1 s toam aa g
conbi nat i JRS PRePBER! CRRRPCLS m na, ca, & 8 S|F3§§ B ?ng
preferred lagded 1h&hml&ideawm1urﬁeai zlstsﬂsﬁwﬁhl lﬁﬂ@lﬁdtﬁttloﬁls peat af thy ttafecdrilbege pore
faujasites such as USY, can additionally or alternately be used. Suitable
hydr ocr acKP¢etisrbs eoramen yalvmen Qthefdrays canbe fosptgd én thesapans velwosche about

about 4350" Bavar eAatl BapRiBERS B b A IpRMse P Be L L RRr Bk M RRR 0w
10 hr-1. [\(Mlﬂﬂe} Sagret hllmsatlvtehe trapg uny othfer typeal 1@aﬁalckﬁiubt‘um t@/ﬂlchh)y fdvad in

hydr ocr acki pg sta n be based on . the st0|ch|onetr|c consu on of
hydr ogen .anfn %%@n%tg eﬂ%ﬁ% suplhapRBd IR BA et rudHed P?‘é%‘fgsg%ré S hﬂ@ dfor a

hydr ot r eatmani V%&gﬁstﬁﬁﬁoﬁehﬁ&@ Th@BOUIpot WAL R AP (il be@hlihilRhst he
anount of hydrogen consuned per barrel of fresh feed i n the stage. A

t ypi cal hyUﬂbcﬁéﬂhuhgdsiagéccmnmamn@dmmoﬁdbnmambumuﬁﬂnshﬂbbﬂwrgabwmt 8.5
N8/ nB) to. about 1 scC 170, Nn8/ n8) of hydrogen, dependi ng on
various fat@cHPRatpL Pﬂ@yﬁ§uc ﬂ%@?@?ﬁ??#&f%ﬁﬂn ‘he nature of the feed being
hydr ocr acked. Thus in such an enbodlnent the treat gas rate can be from
about 100 Reafhg Wil R ps Ploasa iamtrotBOG0 scf/ bbl (about 2540

NnB/ nB). | pr f rred nt thé treat gas rate gan be.fron1about
four to adild¥tivelr m@steﬁéﬁb AR R s e A RS
above tr eaéan%@%sécﬁfo@ﬁydh@fr@({tm%ﬁt 6rhi%‘7dfcﬁh%kﬁlf drndeQaeekf aockicfoeBYehcREEN 1S

delivered as part of a gas stream having Iess t han 100% hydrogen, the treat
gas rate fa@rexalhﬂelemf@rraatqtordmmgta@mﬁn@@s goephasogovirensrealt| In s @trreatment

Fwdroproce S|n eact or |ron

[0045] One Tieer SR s B S bbbl ek QU SRS R RGBT
reactions dofdigioh&aThdatdl st Wh ﬁ?drb’fteathieﬁwt@gewaﬁfbe alcOpV @ie il hyRerce iy | nuous
phase in the reactor. Tradltlonally hydr o roceSS|n% has been conducted in
trickl e- bedtahwhoteh as wpridlastaameQecd<y adsroyn & 1Baneirkasdos aGreupMIH e, gas
phase in t o] { can be
exposed téﬁﬁﬁ%ﬁgﬂ&%épggﬁg n&ﬁ%@ggglghﬁﬂm%ﬁ%m%gggggﬁm%ﬁﬁﬁg%ﬁﬁgﬁ%ﬂgghema ng
catal yst, thnobhltaaa(ehenmlsbdbnahDMgstenlmcomlbmanons thoreof .t Prefrtedr t ypes of

cat al ysts, ch as those SUIt bl e for rotreati
hydr odeni tqoag)é%l@% mﬁ%l%%l@ Vydnand Bﬁa OMﬁd% hq?aw&étéa% eludathugn) |

hydrocrackjngot lﬁﬂl?édOtB OBl & A1 SRhA LRIhAR, (itdNE it cBtiatarkBdnffi&lonf F OM t he
top or upper portions of the reactor and can flow dowhward through the
react or. Thémsoldownward liquid flow can assist in allowing the catalyst to
remain in place in the catal yst bed.




WD 2012/ 012088PCT/ US2011/ 041732 - 16 - [0050] A hydroprocessi ng process can
typically involve exposing a feed to a catalyst in the presence of
hydr ogen.wi2otrauosei ng bound by any particul ar theory, PCa/is2@onvEst i onal
trickle-bed reactor, the reactor can bedoperated so that three "phases" are
present in the reactor. The hydroprocessing catalyst corresponds to the
solid phase. Another substantial portion of the reactor volune is occupied
by a gas gh ﬁ]e t yH‘h%%aci’lo DG GG BY g&%%&me%?ét%ge“@ % c%ﬁﬁ"ﬁoﬁ'é L y&ht
gases, r SUch“ds cont am nant orn1dur|n
hydr opr oc efssteﬂgcm'g“ tt& dnytdf OgRnt gﬁﬁhel medsheargaﬁl mhﬁ;sanb@d1h1¢msptab Ire;acpmesent in
subst anti al excess rel ative to the amount required for the hydrpprocessing
Qé&r og’r

reaction. 9H I&OE%Welﬁ@%%ilth@mléﬂb@éa VEoSEY GrHSY hEowabeyt oc es SI ng

cat al yst a %

ol a1 o P R O B P S b P EE o Gsb R T
"phase" cdnaban2&IBag), 4 oedthpas bomainchgfae dxist abokt 80% hadiogen @ambpinded

trickl e-bed, r.eactor e feedstock rti f t he
bol e, SaekiEas igktetshnt SESSm RomAbalanii eSS b 6 o
| ess than ﬁ&ﬁiﬂhz‘ﬁ‘%) A8 ofic fir%%éi‘ffeh en{%@ﬂlérﬁl}théiré‘a@ﬁ&iﬁédﬁﬁ&dﬁ@)éarﬂﬁklufd@raH1 a

contlnuous phase. Instead |l iquid "phase" nmay include, for exanple,
thin fil mLb$V fleedshatR. StIhratto @lafalﬁ 1t5He h@/w@mr@wsﬁomgam éﬂ@&p81$éabpu1’cl es.

[ 0051] W't bo b i ous
react or p?gzkggg é%?qﬁ%@bo “%C%gﬁ é%ﬁ@%%%%“% Bﬁégﬁ?a%§8?§§§§red to
a tr|ckIe(m&qnge&qDQ6ab@n7goﬂ;QMbﬁgnpﬂ@)nuous reactor t he reaction zone
can be primarily conposed of two phases. One phase can be a solid phase

cor r espondi0f46} o tﬁbnhydmaﬁh©@@9®MNéU@@uﬁ$ﬂshWH@h@Eﬁééﬁﬁﬁmphﬁgémgan be a

1 quid phage, corigspandingote, Lhe.feedstack. i ghucan. s present as a
cont i nuous ph&se ' %lﬁﬁ% P%igg NIRRT reac?g? T Han %n% iivent, the
hydrogen tddaturiptidn dreyamigstl ifedie @mge NThiidNéh EHeinthidaaegsths grefittag ratdforcan be
di ssolved in the liquid phase, Bendln on the quantity of hgdrogen used,
a portion lwﬂrqtmtmw@ﬁ@g%?@%lzﬁuﬁr@ma Q¥ the 19 Abquh dive Giptes de Bueimt e5hyrogsidr ogen
inthe |i s n was

i ssof ved - hoTd R B e e R IR koMol iy R ROET V07

the |iqui d:opha&efromrabbet ﬁpacﬂbalt(eﬂowgtmNhﬁWogeahoubmoo s::@‘lbbr(abad '170s rreant
here phy5| t her th n chem cal . n the context of solubility of gas
in liquid, gnﬁg%@ﬂﬁi@%@n ePFH‘é‘“%HPé(%fég‘*SafﬁﬁPWPﬂﬁ ByPUL RE lé‘B}t‘%fg ior ey 1 i mi ¢
shoul d beIMHQQ6?&@%%&6&ﬂ§ﬁ%m@h&ﬁﬂﬁeﬂﬁﬁ35%981&P&ﬁ&ﬁﬁ&@ﬂ!ﬂﬁt&ﬁtﬁ%r1%aSt 85%
of the solubility Iimt, preferably to at |east 90% of the solUbility
limt, f orcaebarﬁqmlneahomlt 400 $adtbbt (20696 0F Ninfen’s i abioiut $Q0p sc/bblt(alprut 860 at | east

99% of th plu ca of course, er-saturated
W0 2012/ 0 TSFeEbETsE i Fosoodimed eaGr ERHE Sap haFoREgPRbRRE S and. ©o up
to 115% Ofabbﬂﬂixﬁsotlnﬁ@s‘ the hﬁﬁo{lhtrﬂfthgf g@ 85Bhkd! NotPthhthd 4696cafeat fR ra@b ubi ity
limt, for exanple to up to Yo the solubility Iimt). Thus, the gas

phase hydrefgetr theuate OEbYCfregqsbﬂh@Ntlﬁhmr@g@glé delivraed dssparhofdedis sirerm havinge
hydr ogen 0 r nts, hydrogen
dISSO|Vedqe§§$% ﬁﬂL%HY%D%% g%ﬂ%%ﬁggﬁ%%gbfﬁ&Qag%hgﬁﬁgu%QEQQp%ﬁs progress
i n/ t hr oughprdpetibnayitdgieent i nuous reactor. In such enbodi ments, hydrogen
originally present in the formof gaseous bubbles can dlssolve into the
l'i quid pth Yb r ¥9Eowr emlodimenty phiiednyshtige canaclydoeneler mawi ti onal hydr ogen
for reactl qphase in
the |iqui cP cgor(f &k}/%uslm%':é g%thc or cag%%%ﬁwf&sggs %asﬁgg IQO%W%ﬁ Jf%%l &r%z)act or
vol une, ornolb&smethmyrdr@mmmg&%{mb{sﬁwﬁ]n’c'hﬁeIhqunedlof kgied 0, thoe dawarhdyi,
reactor can _be m xed &%Wg m xed) with a hy droqgn contai ning treat

R

gas. The HY&§o¥ekodm ﬁ%ortN%@ V@@son@@ﬁae@ﬁblgﬁﬁlp thelgsr tyBBEI250 vol %
hyd o0 at
|Za2?9280£ g€y A Finfing SARpIeR B ARG U P rosileld BAab AR b ok B

vent ed frdnmﬁhnqﬂManTMMhﬁ&nﬂahmﬁ Emme$sth@nm&mmmomndamdybeuﬂﬁdess gas can
be vented d'rec&)aﬁ1 e reacto The uid level in the reactor can be

cont rol | e8¢ ¢ g g Haet?léaéf Srackwe SpiglpE AR COOIRFISEA. g.
conpl et el yr)efré{@érgg)gtde [n@a@é%l LihS9 Hﬁnﬁﬁ@@ﬂib%ﬁﬁﬁna—gln@a h%ié@élgﬁfrocﬁ%ﬁia%us

reactions in a st age, and/or



reactor can require nore hydrogen than can be dissolved in the liquid
phase. In such enbodi nents, one or nore techni ques can be used to provide
addi ti onavolyvaagmsa for the hydroprocessing reaction. OreTaptélonian be to
recycle a portion of the product from-tlfe- reactor. A recycled portion of
product has al ready passed through a hydroprocessing stage, and therefore

wll likely have a reduced hydrogen consunption as it passes through t he
hydr opr oc nakh, I t , hility of
e R N

result, i rtm[ngqlrefgrred palrthe nmsto:bnm&my Aeelitipsupdorts, espictihlly theddrgd ped can
increase t he anDun dro n.av iIa le f react the fresh feed.
[ 0054] Addi EBHP F%P 5 USSP & rcglﬂa AT PR dasiglt h@a?%férrlgcan be

i nt roducedohfi8nfcdnSiasihas a tinfRedihd frd &b AL 2001 CE0additd50P@l a I’%}Xﬁ’éé&e” streans
can be introduced at any convenient |location in a reactor. The additional

hydr ogen gtartedpsesean fnontdthmewpsg (2wt 66 MBdg tapbdw dddYpng (abost 3kam of

Combi nat 1 i Eerar TS O gt BRI Bgh T Ry " &1 M 9 Stream o @
2012/ 012099648] US2G&bA{Ahbd 3Re am&ﬁlt of B’éQtCHéQ Hel’ix%%kﬂo@h@ﬁ?drb&h@lﬁﬁg Qtﬁ%@éan

addi ti onal hydrogen streans al ong the axi al di mension of the reac can be
used to pﬂwmmﬁﬁQﬂﬁﬁwﬁm@mmnﬁydpogemnr@noéhwtagmlmﬁheﬁagasmnnnemmedrnents
involving r %%e e o rocr cged and/ or dema rod ct use a 1*Qart of

the input 187 HEGIHetM/S ggaétr%% e o tg‘?u% Lol "“t VEPIRE?

product retﬁy&henie@tﬁdﬂﬁn@rmuﬂhy@f) dor @siburh@epkribatiel dﬂfaasﬁwmlga #igger can be
at | east about 0.33:1, for exa %e at | east about 0.5:1, at Ieg L about

1:1, or attyPieadydrtsesking sge. cau\a@nsrm@rfwm?bw 58 1sefdhth 4xbowyy 8.5 /mar ico of t he
t b b
about a3 50Uy BIRGEL 1FERAPLE, LERi GBI R, r B00 BREAEPD € |

about 2: 11ﬁﬂu&ﬁgﬂmﬂEbamhnemuﬁﬂmdmhnelﬁﬂwf@%ﬂ&mnﬂgm&mﬁmmﬂddTEhﬁSEmwhan

Envi ronnent . [ 0056] I n vari ous enbodj ments, ane nore t ferent
hydr opr oc 688193 EY e & RS FRC FbRA Hewrt & it O ‘rr)lﬂd%laeﬂ |1¥§{w aﬁag out

envi r onment N3 | gi
nlSOO(?‘sHﬁtgﬁ gﬂ{? 13_?%1?) NG /AP RO dn g?efgr?ﬁ{/ & bient, fHditflaP. %Ete can

envi ronment can reating stag Ing sta
catalytrclﬁehanah@nébmgeab@nmydnmmﬁthMmmgnofhﬁmngeamnsmsedumawnmﬂtbiage, a
ring openr [ ' n_an ment, a

nyar oor ackPRy & dgus HedeBER b T GRS sl B dhoeth FaSHERTLIRER.

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

stream can be proportionally higher.

Hvydroprocessing in a Reactor with a Continuous Liquid Phase 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
contain 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,
hydrodeoxygenation, 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.



envi ronment can enploy the catalysts and reaction conditions simlar to

t hose descri bed above for a continuous gas phase environnent, with the
except i orwofotwaaissgas rate. Additionally or alternatel ycTamsdoigiomi7Barly, a
hydrotreat ment stage in a continuous I|-ilfii d phase environnent can enpl oy
catal ysts and reaction conditions consistent with those descri bed above for
a continuous gas phase environment, with the exception of treat gas rate.
In an alt ve 0 qui d
o 21D e SRR e 2D SR P 85 B0 MRl

condi ti onsn tﬁd}%&h&reflgaltr@geylstwnhibwblalyrglboﬁmcew aenparséagahean, iha a cat al yst
conposed of a B netal and/ a Goup VIIl nmetal, optionally on a
suppor t SLF@HV%{]élO&aIrtEPlrlﬁ'@% r%acgqaﬁberﬁtactosa% %@o@@r%@ 80 ablhreq WaRGEedhut ar e
not limt er eof .

When pres ggﬁsteﬁtslglq ltl‘g %gtors %%Qﬁg@%%eﬁglﬂgg ﬁ’gtr%&%a &@%(? &gtsbg(ggltmtsgr e not
limted toAnczthdrrsubstarmal pm*aoaloﬁmerraa,cmlummnms dccu;aedbly agasrpham aypieally

conmbi nati an %1 EP & The req]fcytl on conditions ris condl tions

sui tabl e fBlUdiBERETTogeR KRLLRA fugHeagss: %re%?é TGS SRSt t he
di esel poréa's&r’[hé’cfcaﬁ &t &ﬁﬂ@ﬁﬁ%’ﬁroée@sﬁ?omﬁe %r&‘é&"@a@'in J[H%%ﬁs pRisgfierably to
about 20 wppm or | ess, for exanple to about pmor |ess or to about 10
wppm or | eselcalkdmrqnbnmwbyta@tralak@eer r@atedeyo therﬁenoweqmred for the

2012/ 0120%18P§T/rU820&1/ 9141732111 n Je Ct%' an bcgndai {)i ops Clg{' i ncl ude an LHSV
fr om about Y3 B AFE FAAESt f°§ pipntip % SCPPOMEBoUt 878 hr-1 to about

1.1 hr-1), hyardppéksiRs easlystant tigRpaude 2RO t(@bmbb 1800 MPa@)redcorabout
800 psig (ayg{)lf? Slﬂ%/P ;j e l&ngf?)(gmeaboutc ggl gbout 2.4 K/Pag) to

about 600 9% (fewamphe at lq\ﬂstagaoyt 82ndr gt b@%b@l&t%@ /e T lr%tmrd pbaseBE0F  (about
288C) to %ﬁg?f@%: tﬁ@@@% f&écgs%&)k (IL ra% %?Hﬁalqgaﬁe %@g Péétcto’?’ztﬁg}eeh% &ﬁo‘“

675F (about ewaxi ng s age 1n a continuous
envi r onmenhayceadly becupyersaiadichoutictest @é ¥ elatrcy euct ewdoss ﬂgm(abﬁ@hZOP/QrfSn Ef fective

dewaxi ng terrpe tures can be at | east bout0 500F ( t 260 for exanpl e
at |east B8P easwhwtwml%@e}ess any %‘étt /&b wgpﬂraé , or at

| east abo d e ) erature
can be abgﬁ%ﬁ%go gggﬁ%&ég aS@ ﬂ.{slggggr{ 19 Hrr%%eh{aa 215%1%[760%&!% Igg%f 3710

or | ess orthmddots oﬁ%ﬁst@albdlat c@zﬂ,ﬁ@)hydroﬁre@smng‘czﬁelgsupmlaﬂ@wax| ng pr essures
can be at a 40Q i g (about 8 MPag), fo Ie at Ieast about
500 psig (lgﬁgﬁ Wi ijmg ﬁeuqdé%rs%nyapaewlar@r?%.a&%ﬁﬁ RRUNHOYS IGELtRY  or at
| east abOLHro‘;iQ&oa @i%feﬁbn( %%@lé pﬁ)cgssg‘ﬂagaéﬁ)vnoﬁqgﬁtta's Qﬂﬁbﬁ%d% a BidEL ﬂrﬁfl%hé’tor the

pressure can be about 1 psig (about 10.3 or less, for exarrple
about 1200npdiqyid-adoutiod:. @amag)e roactioggene edmdmﬁprﬂrﬁt&ﬂy pemgos(edbxﬁ tvo 6. NPag)

| b 800 ab 5 MP ro ) ffect d
D hsve” can The®80 Ynggntshdinde bgoRd ki Shdoadhe st By T RE T GRS ", 1
at | east afRUbcthdphRtc dan HRta f)h&%@@é‘ltrisﬁsv ifg tolthe ¥éedalock, %Eh@{ﬁ% 1.5

hr-1. Additionally or alterna e t he can be about 10.0 hr-1 or |ess,
for exarrpIIieeS&bb@ta ®nonpeusphage m@slgr,uuhmmuguﬂemtorl I@ranlee&)@dlrmnt,éb@ut 2.0

hr-1 or 1gg %%Ogl_ DS %99{>ﬁsu&%§'du>’1n§ fhe the 1 d%prljgc {1%% reaPort SIRE AU Rd

pressure, or a con reac can conpri se COI’ICIII1 tions

sui t abl e fth¢ ligisie@ phiksea debﬁdihg ohéd qLeﬁﬁﬁijf hyﬂl%@&ﬁ)hsﬁdea padtidh s theihiydfogen
hydr ocr acki ng stage or dewaxi ng]?sta e can be a hydrocracking catal yst as

descri bed @BB\Aso bxjaithe tway qfypubblegp lefdﬁ%geerlythedlcwé@va&rvﬁgcheaﬁeartw B be

sel ect ed. a!;)gy,\ﬁgg
crystalline a urrtrﬂgtc}gr@fl?a énsw S?&elg) [ testl @fﬁl&%g%t %ﬁpg%%ﬁg gﬁat es ( SAPOs).
Addi ti onalsloylbdrtyaﬂrme(n g tied 1yqu1cll plmsemhrehmaamra&dwm lqaimom but'sduared34D

nol ecul ar si ey e | e 10- menb ring 1-D l.ar si ev anpl es
of 1ol ecul it g B icb U6 RaR IR AG daH tBienlel S ok B i ted to
ZSM 48,  Z9h22d hebsitt @3 phiasivah roxﬁﬁ@!el)l e @@ﬁlﬁl’ht it” SR\H&@ be aRgkr&oHPionat i ons

thereof. In a preferred enbodi nment, t'he nol ecul ar sieve can conprise
ZSM 22, ZSMa3, cOnSNHEBEon Z@M&pandlagtb ddedsi &%B(ororﬁ s &omletafh,mlp@retfm@hlyetpl y

ZSM 48 and] %&?%Sﬁffﬁgﬁ%g 1m¥t’ f(;[rhe?ianqg %as%@%@ gfstfle &b 1pychm1 ord VO

2012/ 012088
to at least 99% of the solubility limit, which can, of course, include super-saturated



- 20 - binder, such as alumna, titania, silica, silica-alumna, zirconia,
or a conbination thereof, for exanple alum na and/or titania, or one or
nore of twoani2zi2essl i ca, and zirconia. Additionally or actrasaatioky32a
portion of the catalyst in the dewaxi ngeactor can conprise or be a
hydrotreat nment catal yst. [0061] One feature of nol ecul ar sieves that can

i npact the activity of the nolecular sieve includes the ratio of silica to
al um na ( I i e si eve
can have aeuflofk ]l sh R ) P8y oF e sy RS, bR SRR 2
about 120.1]10% of thssolu‘alh(m]hmﬂt;)fbr Exanplk essp teallidt oBe Solobilitehmyit).ofhahdiet 75: 1
or | ess. Addi Ell onal ly or ernately, the nolecul ar%dm eve gggy ave a silica

Lo al uni ne® AR Mfiragen bl comaRAncAp hydropgh thalis ity pdditipn o B8th 50:1 or
at |east ahQulve@m the I{qggﬁﬁlag_@elnqﬁi{@?&hf@n&ﬁﬁﬁ!:ﬁ’@ thyﬁ?d’%eﬁ'd?s@ol%’d)inctﬁé lijuignc! ude
a nmetal hydrogenation conponent, such as a G oup VI metal. Suitable G oup
VI met alnhammh@clepkmdms themactNms porgress mbihmeughahs lighidromofinucTkecagtonaxi ng

catal yst can i,ncl st about 1 wt%.0f the oup VI I tal (s), for
e o actrutCEm i, 15 3esd Sl bretalnerEn i 8By pbslE Bt 1. o
w % at | epgblval@ith@liquiphascqd réhiutfasic lﬂ]llﬂmgéhe@e Shardvidéddiitibenal 1y or
alternately, the dewaxing catal yst can inc about 10.0 wt % or |ess of
the Group hydrqgepderaracion. ﬂlware@yéﬁmb@ Bty e, @1W°/0%Fﬂlpleé§>é’ a gasdheseans w %
or |ess % Qr s 3 sone
enbodi man?gg H{pﬁé— gg%/va uaus 6621(3:%)?3?1%/ g{ leg%:l%% a ?qutﬁ% 8ﬂﬁe ie%%tgr VJ)I%&% AIJ less

hydr ogenatth@nateaopmnent at | east one G oup VIB net aI such as Wand/or Mo.
Such Group VIB netals can typically be used in conj unction with the at

| reﬁ?;séI one 18982 Vilhe ligneid dped te tedeyexpge raaﬁhlpro?ancb@ migpd Ex@mpPle nixed vl an
Uen pr es it i HE0A A P PACYELod il AL Wb el Bl 007

t he Group atbi fmeﬂzcﬂ%(lgadrogeﬁr foe)émm;ble aateadtahsat Sab@lfto, dt. lé)asm%ut 80 vbeasit about

2.5 wt% aqr at % |t|onaIIy or alternately the
dewaxi ng éa%saﬁw éaﬁﬁ? rﬂfl%@éﬁzﬁ% éhmd%gﬁp Feesss 8ps ¢ e@iﬂat?ﬁ A
netal (s), tﬁ?&1ﬁﬁ%¥&e%¥@rsﬁér9&%r‘yﬁ ot &88ss g@p%b% MR8y e about
5.0 wt% or less about 1.0 w % of ess ewaxl ng cata yst

cont ai ns crndtqtorGleemq\ﬁd llevertem tegeadt@waude coftrolbddid dhat Flok Gag{lpat &) thchreactor

preferred . & Ié%é 0064] 1 n sonme enbodi nents, a hydrofini shing
or aromati't® @%ﬁf ‘:bf @ng ’s(io gtﬁli MiH°% continuous |iquid phase environnent

can al so QgopspvVi ﬂﬁgnné'ééﬂﬁ&ﬁﬂngﬁé hhog &i@fn%lcé’s%fn% rERoh ! 4151, &Qﬁ@'aﬁ&/%?

cont ai ni ng Group VIB netals, G oup VY metal S, and m xtureés

2012/ 012088RE/ das2O Ml Oudr? :hgdrog&n than can be dissolved in the liquid phase. In such
embodiments, one or more techniques can be used to provide additional hydrogen for the
hydroprocessing reaction. One option can be to recycle a portion of the product from the
reactor. A recycled portion of product has already passed through a hydroprocessing
stage, and therefore will likely have a reduced hydrogen consumption as it passes
through the hydroprocessing stage again. Additionally or alternately, the solubility of
the recycled feed can be higher than a comparable unprocessed feed. As a result,
including a portion of recycled product with fresh feed can increase the amount of
hydrogen available for reaction with the fresh feed.
[0054]  Additionally or alternately, additional streams of hydrogen can be introduced
into a reactor directly. 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



thereof. In an enbodinment, the sulfide of at |east one of the netals can
have a rel atively strong hydrogenation function. Alternately, the
hydr of i niwbi2nrp/aaisal yst can i nclude a G oup VIII nobl e meraiSpoizeti3as Pt
and/or Pd. These catal ysts may include 184 k nmetal catal ysts wherein the
anount of netal is about 50 wt % or greater based on catal yst. Wen the
catal ysts are supported catal ysts, suitable netal oxide supports can

el ude | . . o . S .
i tan o Aoy fsr e ihg Reqtf AR arcBLl s e i At ATon
Pr ef err ed diyldr ehetnr i begiseditogpryeidds stidicicar byxadgan foab uraatioron can conpri se at

| east one ﬁséﬂp whose sulfide exhibits a relatively strong hydrogenati on
function d or BLUEMRPBERtE MY 1RE eexF < 0h BY draer aekrdraHes deuptedmraduet | i ne

oxi de mat ey, : L A, 16S) k] i ' itionally
or alter ngft&e f%smg%f%%égtﬁﬁb Iﬂt?ehdee%\}sa%j1|5%§Fatg%’nrr%te zétida@hﬁglgg%@%%@%%%f such
as by hal qgedhat iramcle oo thermnpant ofcfidshrfedd intr thadewanng fthge canttal at st abotit of t he

Al ] onall13: BrioERYEISTEFS SoRE Ory briblsith Ll AL JRETREH Thel ude

crystal | i neqdmé@illydk aRGhSREI, 1 thGo b MhodRt ) @3emObr pAlte@lclC@iRd YSt S,
whi ch are nesoporous materials having relatively high silica content,

g
i ncl udi ng dmaunpof fre¢shrieedeehntbs aboOM41 or ShHaig:xampha BOut Zd@r tesaisibaet 3. s
t her eof (parlti cul ar Ity _forrpri sing MCM 41). [0065] Hydrofi ni shing conditions
can incl udé %Ss’t%rr?%g?azt' &Y om about 125C to about 425C, for exanple from
about 180C to about 280C, a total pressure from about 500 psig (about 3.4
MPag) to dkaagtiorrQondipeisy Camamoubiqudpiagy Enyisentestdnpl e fr om about 1500

i abo 1 .3 A a .to o t 200 - bout 17..2 MPa and .an LHSV
P e Caooilogddh o MiRFhias sibodimdng onP B el nSie e e MR Bloms S SRE L 1o
about 1.5 difged carl ROGEYMEEM & BETRULSs I8quid PRasE REVIFdHEnGHt A8y UR pRoce@ild NUOUS

liquid environnent, a ring opening catal yst can advantageously conprise or
be a suppotagedn e gerinpous Hawie @hpicregvEoREE caly 8 ABY dlotreafing$tags. # heni um and/ or

condi 1 ongSIaRRETLR. ZA28C B0 RTne BRE AR IHBhIG R YRHRRR°S '
react or Wddgepa Adagbpenigiigagdd, g dorpbiasworetheicoOnment, the treat gas rate can

be sel ected to be conparabl e to the hydrogen consunption of the feed for
per f or ni ndOPRE desiln a cmppdimsnt, pyhyemsraskagsiagg in asonthwony dqwd ehasseed of a

feed can v i d . -

hydr opr oc eezlg%f%%lggﬁgcg@%%g%é gag%lg/éggn(?};etaé&%a%&ggmgp glllﬂe]%té!trg %g%%&%edt i mes
t he hydr ogdovaéed,cohtiiucax gapplasatntieasicngbatit thd edcepiiom st tréue gad/Bte.

2012/ 012088PCT/ US2011/ 041732 - 22 - hydrogen need or at |east about 1.2
times the MAHYEN oFakemately, and ﬂpﬂa%welaf@%%ﬁat@%@@gwaC%WP%%%M i qui d
phase envifia@ERironkbf K LRBASAEEs IRLchiRpldRH o { AR gt he
input to the reacrf)gr Qcaér% %{eﬂb orerll agégsut&grg QE)P/CEE?I ?aﬁ%sg%Zw%néﬁ?%) to
about 250 desdritiellab¢abiout cd@ihioBd pB)phakecrerironiment; fvithshe éxeptiopalittdabpas ef er s
to the portjon of the input that h ot previousl. assed t hrough the sane
or ocess! ng?t 48" VT S EhoiiagH t Retor SRR P BBE T B e wni ch
has previ Quslr¥nhaaed iddueRuahilddecsameicpiraesdiontondi@sss. For a

hydr ocracki ng stage in the second reactor, the hydrogen need for the fresh
feed portil0AS8F t hdhewmpatysciam lpalrettealneerd stagb ot b&Dcaalfydtisomppsdsioafta 8. 5

NnB/ nB), for e le at | ea aboyt. 1 scf/bpl (about 17 NnB/ r at
st mbodross & DRl At TR eSS ioualy o 8Pty ehar p BhesBiy S ¢ e
nydr ogen_ nagghrs asibelcaholls hAMRIEE! bk haptedk8hi bR B batnuhgss, f or
exanpl e about 400 scf/bbl (about 68 N8/ nB) or |ess or about 600 scf/bbl
(about 100ungrBmad)d enmbinaftpons tpreed. Jeligaxirpagnt seidadle suppotiyardogdrlaiees can be
from about. 50,se¢f /[ bhl 8.5 NnRB/nB) .t 0] 4 cf./ bbl out 68
ol e 180845 BHLAR naf AR <2 sl TR urh B0 ARSI Bdn B Hr Rl hEPO:

al t er nat elgonidnations thereof. The reaction conditions can comprise conditions suitable for

reducing the sulfur content of the feedstream, or at least the diesel portion of the
feedstream, to about 30 wppm or less, preferably to about 20 wppm or less, for example

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



expressed relative to the total input to the reactor, which can include
recycl ed portions of input. The hydrogen need in a stage, relative to the
total inpwD202/t1bwssr eact or stage, can be at | east about pC@/usediiiowi73f about
1.7 NnB/ nB), for exanple at |east aboutl®b scf/bbl (about 4.2 N8/ nB8), or
at | east about 50 scf/bbl (about 8.4 NnB8/nB), or at |east about 100 scf/ bbl
(about 17 NnB/nB). Additionally or alternately, the hydrogen need relative

evamt e anotioe dERMRR ARk PRRs TR bl SR Gl b BTl

(about 34 a’mﬁﬁtnfB? ho’r tol abest 1.] 09593 Thal dresquned‘rdneebbm @5@phy datapt d)de‘eIBag)go st age

|nacont| u envj ronment . ca e well m.x

hydr ogen- rai &@g@ﬁ@é@g} Ga% fg“’:fﬁala%ut\r}’éﬁtpé’@ (flli’%zt“l”rlglpﬁg&tf’d‘r)%utbefore
it enters éob%sfget%&ﬁ%l MPag)?SCﬁﬁlsa @fpctadiiic @%mVa?d?oh‘?SiS(ﬁFr g5duk ¥ 8 9y E%t
reactor. The'liquid level Tn the reactor can be controlled so that the

cat al yst |W$0flnéabpee3z&96€) (fgors abwtt §26 Falabgut(32IY) tocbay GHEF @boub?eﬂéd))
reactions in a

0070] I n i ntents, the .hydroprocessi
ORI RN 1110) et PR RS AR ek S

l'i qui d ph%eer éf&cﬁv@he&ml@wrﬁmo%s NRce Rwal Itaﬁbé&nr&fcahme af BhdtOW Ng
techni ques can be used to provide additional hydrogen for the

hydr opr oc ebsiiof Eé&houblﬁoc’@hefor)@taﬁme atdeasbebaud SPETVebeut 28PUL itdpasdf t he

product fr I g g h opr ocessi ng
B0 2015/ 07 30uerBst BShETI G T ps00Reg 58 %%S%Eaiﬂﬂt% LORaBuBLRR" poeoe]
reduced hygiea@eily, GRNGHPREINGD c@rﬁbé bR S SEF @M@ogw@n@ué@erfohy;drnqné geRssi ng
stage. Additionally or alternately, the solubility of the recycled feed can

be hi gher 1003 (abovbhidak bt lesuimbeeesdel (4heet34346) ar ké%rﬁfrfectuvnérwﬂmg a
por tion of Es%ﬁéégr:%%&éﬁg&é? hndtd 4o \Aﬁ g%{hﬁ‘h?fg é\gﬁé}gpe@géf?@fﬁ%%ﬂ%a& St08T

hydr ogen avai reac Ion er op i on can be
to introdyse @ttt dONElagstat Rastabodt 1Ygispgeboit 5St2oMRageachtdeasdab@etiDy0 One or
nore addition hydr ogen_ s ans can e i ntroduced at a onveni ent

locati on (I L’%‘&(,E’t% he‘&gﬁaf’%”dr%la irélrrewé%néaﬁg?ﬁénﬂaeﬂg stream
of make-u § i ent
hydr ogen- goﬁ%{grlggﬁgpg roggénsrgafg% Q%anq %?Arﬁg ?%g{lgg@ggg‘ggﬂﬁs@%%ﬁ%gr&mms
bot h pr od uld00 rpexg)(albceltér9d\/Iing)eurtlesonorcnfooatﬂﬂOtpscgr(aboWjdrMBeg) s ieseahffeaieng t he

axi al si on r can sed. to provide ffi 11/ ddi ti onal
hydrogen f%?’vaémrgg‘:ﬂ:%\l? é/)@Il g‘Fn [%Gf‘f?w?ed{i‘tj?adzéj ﬁ12 m can be
enpl oyed i1Bas@@oui @%Cﬁr'loz& 1@%5&% i lnat | 516k wdesabauff 1,861 0RAdiAbnal exanpl e

of a suitable reaction systemincludes two reactors and a di vi ded wal |

col um. | rlisueteharheh8Y aan e abautfl@dbiai orkessdr peanprls gleant St lo™ wridss.st

et RGN OB R LS LI RS BB RSB ccess
temperature, pressure, and LHSV for a liquid-continuous reactor can comprise
conditions suitable for use in a trickle bed reactor.
[0060]  The catalyst in a hydrocracking stage or dewaxing stage can be a
hydrocracking catalyst as described above. Additionally or alternately, a dewaxing
catalyst can be selected. Dewaxing catalysts can comprise molecular sieves such as
crystalline aluminosilicates (zeolites) or silicoaluminophosphates (SAPOs). Additionally
or alternately, the molecular sieve can be a 1-D or 3-D molecular sieve, for example a
10-member ring 1-D molecular sieve. Examples of molecular sieves 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



[0072] The effluent fromthe first reactor can then be passed to a divided
wal | colum. The effluent can enter the divided wall colum in a first
separ at edwoab1a2088he di vi ded wal | col um can fracti onatreTiuseotflion B2
effluent into a bottons portion, optioer2ldy but preferably another portion
that | eaves the divided wall colum fromthe separated volune, and a

| ighter portion that enters a common volune in the divided wall colum. In
an_embod rgiMor WAEK & AllROLLATE SR IRA SR TESARBAR, b0 S GRRdrALreBR! [ S T
t he vacuum gas oIl range, such as a bottons portion suitable ForUse as a
feed to a fbt enathptatlahyia andéorackiingr pnooemsre dfligaroptsilaaadndaddiohiaonal porti on

that | eaves the divided wal]l colum fromthe. separated vol une can conprise
or be a di‘g@é 1°’Hg'i>’loirﬁ e%tﬁbeapf’%flwéﬁhe W@ﬁ@t&%@%ﬁ}’vﬁwgf%t%ﬁﬁ? BYRPTISC

addi ti onal o pRRLtHyARiRRcnt Blalyg@ave the divided wall colum fromthe

separated volumé can be any distinct cut that has a | ower boiling point

than the HO06bhs Dut ftdnat ofiaml@uhir givees that dah igppoithat activay of the npdedulan t hat

enters the.co n.volume. Thus, in vari nbodi ments, the qptional

20d1 11 onalS o MG BLTGo comir Seyeta G BLE Chemolchy st o B BYEReCut, a

ker osene GH¢ mlo?ecﬁﬁiﬁk’i)év@t@dri:lma:%_@ E%cha t@alluhﬂllr% rati¥¥er 206k £0d:2 QB RRCTOMSERplé 041732
e like

- 24 - gas oil cut, or , or a conbination thereof, depending upon
t he nat ur etbofit 120el @rdessontpout [lOGT ) Kiss,|abawtt 0al poless, onalwfut 7Hé dsdass.ons from t he

first (sep .ed), vol ume o he divi.ded wall,colu can.then be sed to a
second r el BpStyf altdRmely. LS EDaR S Ten ot e BOM PSR B3R onel
cuts that lexthbdut 9031 g ckamplt av RhiBoGiEs0: BbSA 186t Res6est1t 0 the second
reactor. The second reactor can include one or nore stages for performng

hydr ot r eat[@862] hyte devadks erjalysiarnklsoitepi¢alyipeligar mstel hidrdgetfalian shi ng,

and/ or anot her desired type o dr Qp0 Si-ng.  4A; SO enmbodi t t he
Goal Cof 1t RETTpaR S EE ds LR\ HEVARSBRES UReot T BB APIRNET RS B oy

| east one Wir ep&ihdin@ions er&dtf Mueabwhtingeithiessea ddudenatdaer abostieh vas,
reduci ng the sul fur | evel, inprovi nl% the pour point, inprovi ng t he cl oud

poi nt, or aifke Groue VIskmatallehinnisapmple A iastedput §. 9914} FHeawrbous W%t t he
second fee}%s?ﬁb@%@.ot‘p@/é‘, a??eagtaa%%ﬁfj%.ggvt%, ﬁ&qgﬂtﬁﬁ REJLEE, v RUHE nélg, e
col um or atl on. act

di vi ded wa raction e second vol unme can fr I onat e
t he ef f | uetterdatabynthdhéevexdanehtalgachmincludt abait 106ast% ar kes dOhs Goout Vb,

optionally but preferably another portion thai exits frqoqmt second

vol une, aﬁaetal(faofflﬁFWRIHaPO%ét%wg%@ﬁ&S&@W-%W%@ew%&ﬁt 23%%1 Pent, all
portions qfsf patblonatad, &fikduents that enter the common vol une can be
fractionated into one or nore products, such as a kerosene cut, one or nore
types of r@p63ha cuh somandbadinichghthe dodsxinPrathlysiadahyincltdweasataddionalut

and/ or optiaonal additional portion exiti fromthe second volu can
speci fi calYrosspaliag qoahpar @t fegscme Girppa V1B élaeéaipo%lﬁcﬁeam%@eﬁ Wocgfap@ not be
recycl ed t@Lp&/1BRAN chLBHIQANlY b UsdPh @ oRFURERIARIY (RO Rbast IRR oG AIICAN,
however, undergo further processing. For ‘exanple, in an enbodi nent where

t he secondn¢telastabrasiMendoe §oa Agatxampid ef susl me einkadiment atuddies a titveaxbog t ons
cut fromth

second yol u .'ncI@\;gO uum gas .pi . feed suitable for

fur ther prambSCiymslidss NNy Riac rsbio Wadflien Bisith Al de it SRdihtnt o
[ 0075] Addiihéloa@ht 1¥asoEbouk DSBS 6f the Grbep VIB @RtdIQN, BRS¢ MdeasPaisor@n .onor e of
the follow ng enbodi nents. -

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



[ 0076] Enbodi nent 1. A nethod for producing |low sul fur distillate products,
conprising: hydrotreating a feedstock under first effective hydrotreating
condi t i onsQ 2br2zmaeissnat i ng t he hydrotreated feedstock i npaTfisesti/oyoBume of a
di vided wall colum fractionator to prdduce at |east a first product
fraction, a first bottons fraction, and a first common fraction that is
passed to an upper undivided volunme of the fractionator; WO

2012/ 012088RCY YS2ALHOAHIAR he ARrice OF AFOLVONG MNIRBOR R A o LEARLY2
portion of the first bottons fraction to approxi mately the solubility
limt; hydtroagdgdiopenatihe fypmtibn.oAltofnatehe thid hyglrofhottingreatilystatin arcludeder

effective dr ackjng conditions in hydr ocr acki ng st ing a

conti nuousé%f‘_as}ﬁ _I@ﬁlﬁ Pejfati ssdiand Pl iﬁ%eicaafwﬁéﬁmﬁgﬁﬁ? hekandss rst
bottoms fragh@iwhdte (BE&ADEHt\PhiiR i0fbouhsy Fhdi Hesbanaibhsc@ntafsact i onat or
to produce at” | east a second product fraction, athird product Traction,

and a secoWtertewaalystsact suppottbdicatilystpasgehlc nwtdl losidg ppeporisrvdi wiciel lowl une
of the fractlonatorg ghergin }he se ond1 rodug% f.rac ionbhaﬁ a% | east one

i mproved pf ‘é?Wesré‘F 1 Ve N5 g ‘%P‘&%El P 408 LB Y O TnE“ Ry r d
product fr Gﬁdu@dﬂg’@)‘h‘n {sirlg@gthin@N @rdfEMEPONRE MRS Extaly ek &riavémhte t he bott ons
fraction.]?bo77] nboé?nent 2. A nethod for prodﬁ%ingylom/sulfur distillate

product s, séBgiangiangompyish Hileashenagetal Veesgstbde cihibes aselpidey feong

hydr ot r eatyj i td ’ d r ' hydr of r f in a
frrst nyarbol SRl LRdEy AORROHTEE S RYEREHE BhohaeiT o et ons.
fracti onatdxide thixerifily dii hcasadiiriaia f @lees ot klitanalaming, SAddigdnai® ophlt@nsatclyi, ded
wal | colum fractionator to produce at least a fjrst diesel product
fraction ahindresenk thappphBiatsRitmpnbe mpdiisds sekphBy Balggenation BNt he

bottoms fr ?t‘iéu%{} fluBrifat (?ZI?% d?é{&irc%ﬁf]eﬁ%i}tﬂg cét&@gtecaﬁ%‘fﬂgﬂgc gs ARk, BHAHSo! 1 qui d

envi ronnment under secon ective hydrocracking conditions;” dewaxi ng the
hydr ocr ackettlo fmmphowbiméethls. Aiddgtonbldy doateriatdgttho hydmfiaishiegastiahgt stnage
havi ng a continuous |iquid enyironnment u ef fecti ve dewaxi ng condi tions;
and {7 act IGAGS HESe R DeloRB e de A A TGRS el ORI S ond
vol ume of fbgcdipordRMmM&idls RRlERIRRIHON&ieX cdef! ASMBR Mt h&@Fhit@ second
di esel product fraction and a second bBottons fraction, wherein the second

di esel pr ddMEM-4 hMCHRIHMCM-50 cadicombenaiinpy erd! Gartebuldriveoproisengt y
relative ﬁg k@ﬁliirSt di esel product fraction, and the second bottons
fraction g t "1'east one inproved cold flow property relative to the first

bottons frigesspn. A EMAdEdRN o3 cad RRIVB LIS QhtueRediamBit 1252 Clair t her
conpri sing hydrocracking the hydrotreated feed under effective

hydr ocr ac kibayt £25Adi for exampla fencadout KB Gsto gheutA883e, atotal prassmsafropr dhont t o

passing t hydr ot r eat eed to t first. v f the divided wall
o urm- [ 059} Ergbaf e Bt sty v Bre, RS it 3
enbodi NentapoutisB0§isiy (bbsut e biaaPhyeac Apeit0s0apkik ghoto NTD M PGS, anldi ahStHSV
effective hydrocracking conditigns, the second effective hydrocracking

condi t i ondromabif . llyniip gheytarhrt hior ewimpla dogreboxt . 8ie fathfue 1 Hriem about
200C 10 ab[ﬁHI%]A'SOC’Wﬁ‘ent tﬁ&%lis P h%ﬁ %Bénefné Et%@ %bao&)tntigu(pu%rlglugda Ql%%tonment, 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 effective hydrotreating conditions and/or under effective 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 least about 1.0 times the hydrogen need, for example at least about 1.1 times the



WO 2012/ 012088PCT/ US2011/ 041732 - 26 - 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 wodone/aemski ng stage is in a continuous gas phase/usamiipermaent, a
hydrogen treat gas rate from about twe X24yres to about fifteen tines the
hydr ogen consuned during the hydrocracking. [0080] Enbodi nent 5. The net hod
of any one of the previous enbodi nents, wherein the effective hydrotreating

condi tions, s a - ot al
bressur o TSP 5 1EN Lol 3 iy 1 Rihbach sRa CER iypirclimen Bkt

20. 7 MPag)in agohtempas ditjuidghbscomvabomtntc&ho hy (@igon heSUB3hetfmesh fadtpodidFof( about
427C), and, when the hydrotreating,stage i.s, in a conti RUGUS gas ase

envi r onnertfS MRY} foul regher F%{{@{‘?fgg‘bﬁ?t | BEEL (Ao g ﬁ%%@g&% rom
about two ipRSabdut @D’ PV &1dr, TRS“fr &l BUERAGS CRRSITRE pskibh RY Hehe
hydrotreati ng. [0081] Enbodinment 6. The method of enbodi nent 5, wherein the

portion ofinpi¢hdtihasnotipottioudy pasaet thooughshaiaxeopragdskingstageaglticloisenof a
diesel fractjon . fromthe_.first.vol .. a recycled di.esel fraction fromthe
Cocond vor sl f REVHEE et iRk b el Bl R iR TR sk U 1 e
[ 0082] Enbggbémilhg dagd NeorBtyaestradkimiang t1ef scbhial Ra&Yt, m&ﬁeé%@d ineBNfcE,

wherein the sul fur content of the second product fraction is lower than the

sul fur corihefeshofeed pertipn o§thegpprgiger be pidleast about 2AGCHptd (ot 8 ANIIUNF )y for
tent of t hi ion i t han t t of
content Ol kBB G BLALHS - LhRELbA K NAONELor DAL UGS EnROUEN o

the previ d4sNevhoyi Neditisnalyherattbimatohe thehygihdgeafnebd eardbavitduntoosadct/bbls
sel ected so that the second product fraction contains abou W % or | ess

t L
of mat eri RPN l8se fPhexannle abgyt 480, e¢7bbt Gbepidid Nmoms A PHEesLeti nent
9. The net f Spﬁmt 1 =B h P Si
hydroproce%gﬁtnégotsﬁggwgggo ougrlg(?:e ed ?EEE‘%BOF?Q%% 8r&z’g}: %{%%e’ E%J{é/‘ra P%e?é%{k?ve
hydr opr oc essibadrocoatsiut 50 ref/tibh (zbosoh 5 Nwudm3) thiabotdtOp kel éaboiut 6%iment , t he
hydr opr ocessing. conpri sing hydrotreatnent, catalytic dewaxing,
ring- openiﬁ@,/mahd/ or hydrofi ni shing.

[0068] The hydrogen need or consumption can additionally or alternately be
expressed relative to the total input to the reactor, which can include recycled portions of
input. The hydrogen need in a stage, relative to the total input to the reactor stage, can be
at least about 10 scf/bbl (about 1.7 Nm’/m?), for example at least about 25 scf/bbl (about
4.2 Nm’/m’), or at least about 50 scf/bbl (about 8.4 Nm>/m”), or at least about 100
scf/bbl (about 17 Nm’/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 phase
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 to recycle a

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



[ 0085] Enbodi nent 10. The nethod of any one of enbodinments 2 and 4-9,
wherein the effective catal ytic dewaxing conditions include a tenperature
from abowo28®1e@sabout 380C, a hydrogen partial pressece/uscamoatyout 300
psig (about 2.1 MPag) to about 3000 psixp {about 20.7 MPag), and an LHSV
fromabout 0.1 hr-1 to about 5.0 hr-1. WD 2012/012088PCT/ US2011/041732 -27
- [ 0086] Enbodi nent 11. The nethod of any one of enbodi rrents 2 and 4-10,
wherein the se Hordk: i [ il g 19 kQpar e not
recycl ed {Eo %%h%ﬁge%‘gxﬁ%{"s“t%g%% a%%@d\%ge}'teh?) 8%9?]1 gzr)ocgrrg .SEFS o(ﬁ&t

bottons f raalothleonydruprtobamngata}gel sAelmtimymilﬂ}omrzﬂtemamjy,cthe mlplmhty (Efrth@fecycﬁedf I rst
di esel [L0087 nbodl 12. The d of an e of the.previous
enbodi nenffc o Geedtvt Hates C@&@%ﬂ%&lﬂp&?ceﬁwg‘a Teab oher Ut S UHPE Ao < at

| east aboyp ré%eh%?@dﬁch@ﬁhtflté@h fée@légn BREdAke @k ahldeinf dMlarddeRdVslabld @eT 1 ON.

[ 0088] Enbodi ment The nethod of any one of the prévious enbodi nents,

wher ei n trreaqtmhfwath thofitcenfecdf Anhict optsm qan@dm@tntﬁoda@taddnlqml stpauns of 5 wppm
or |ess hod of revi ous

989] E
oo ment!SAREIS A TR B oPRf Sonoredu bRt B R oy B ion i s at
| east abouhtrddifecd @Sytdoaterdidi? I@HHN BOA Rbactof. Tieadditicial RRirbiMBstich@s EAON.

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 streams 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



EXAMPLES Exanple 1: Configuration for |ow sulfur diesel production
[0090]In this Exanple, a divided wall columm can be used as a fractionator
in a nul tWpl2eiwmEagsgsor reacti on system for produci ng | owpsufSari1diesel . FI G
1 shows a schematic of this type of sys¥em In the enbodi nent shown in FIG
1, reactor 110 can include one or nore stages for hydrotreatnent and/or
hydr ocracking of a feed in a continuous gas phase environnent. FIG 1 shows
a reactor . i dss, i hydr o
cracki ng é%%ggkgﬁﬁ?ﬂﬁgggvﬁﬁf aniﬂ%gﬁg§&§§%g@%%gﬁ%q%gﬁéﬁﬁgﬁggﬁ?g§ st ages can
be i ncl udasttomsr eact or 110. For exanple, reactor 110 can have one
hydrotreating stage, two hydrotreating stages, two hydrotreating. stages and

one hydr od0ida ng <ttaget 2 Bertighyl Hiethartops ipaniherirsidenmaraed vamagiiee t hat
FIG 1 shousig %ﬁﬂ?%ﬁhn]clag thé?l%ééﬁ%'s% tgléllsg%o?ild%asctéﬁg%ﬂohﬂ&%%?fe%ﬁra.

enbodi nent, nultiple serial reactors can be used 1 nplac single
react or wipontiorubftangloptistad gdditiohd @8k]that eait tiyodr thiefarsttvobnbe stnade, beapassld 105
can be exposed to h droﬁreatnent catalysH nder effective hgdrotneatnent
Sondi ti ondd 1 weEEERoR  HieAsrairensinr Indes il §iker GRRIE SErTRE PR Ct or
ei ther w tifyqfRRAIQR, BUrRSaRirePALIFIE soRRH atiohBy dr8 ARk BIhg Jehd/of @Rot@bS O

i ncl ude oné or nore hydrocracking Stages, for processing a hydrotreated

f eed underdesifédiype oehytyoproessaioki hysaomethbedimsnts] the 9ol i éhedfyidrepepeessi2gs from
reactor 110 can then he passed.to a fjrst volune 132.of .divided 'l col um
150- The. dnif e iBatE: BRI iRl abldh ot TR PEuSierfahL B S

2012/ 0120838%al/ bt didBdl f&RicingdBe sulRR & MSiprdvig 1A pbid ity RhpioRind 32, a
bottons cut 142 and a diesel cut 144 can be produced. Lighter portions of
ef fl uent 1b&clondpeinhwelthelpke; or 4 prnbipgtiaieliesgal- | col urm to enter common

Cich s ka?8Zhe o2 aoRE ARafy iReBEBA RF et Rl 7o ot Ti uent

125 i s shawparasd heiung ipassadided wallrdlunviofod TRiclSitioAd The keoad hyluafe can
alternately, one or nore other separation _devices, such as flash separators

or stri ppefastiopathe aluans Sgnpiie spcond refciar drig avepst adliams PeEEN. PRicsiatEr to
orove S PhRTe N S oVl L R PRSI E By [ 0501

enters the common volume. In an embodiment, all portions of fractionated effluents that

enter the common volume can be fractionated into one or more products, such as a

kerosene cut, one or more types of naphtha cuts, and/or light ends. Preferably, the

bottoms cut and/or optional additional portion exiting from the second volume can

specifically not be recycled to the first reactor, can specifically not be recycled to the

second reactor, or more preferably both. These cuts can, however, undergo further

processing. For example, in an embodiment where the second reactor includes a

catalytic isomerization stage, the bottoms cut from the second volume can include a

vacuum gas oil feed suitable for further processing as a lubricant feed.

Additional/Alternate Embodiments

[0075] Additionally or alternately, the invention can include one or more of the
following embodiments.

[0076] Embodiment 1. A method for producing low sulfur distillate products,
comprising: hydrotreating a feedstock under first effective hydrotreating conditions;
fractionating the hydrotreated feedstock in a first volume of a divided wall column
fractionator to produce at least a first product fraction, a first bottoms fraction, and a first

common fraction that is passed to an upper undivided volume of the fractionator;



150. Optionally, a portion of bottons cut 142 can be used as a feed to
anot her process, such as a feed to an FCC reactor. In the enbodi nent shown
in FIG Iwoaoparitissn of di esel cut 144 can al so opti onalpcy/useoipassenl i nt o
second reactor 150, as indicated by strXam 147. For ease of viewing in FIG
1, the full flow path of stream 147 is not shown. Alternately, the portion
of bottons cut 142, a portion of diesel cut 144, or another portion can be
the only i i; I . i i ond
react o 100 R o i R B S ok 8385 S econ
bot t ons f rthe talomlify82ms anydopdrackng thy pbeicadded fist bdiwnsnputioh anddérhe second
reactor. These potential input.strea can he conbj ned in any conveni ent
manner . F_&?fee@%ﬁwdé?“e@%ng tiopy 19 B 4rBIREkpe SPER I Hee & EAITHABULAY qui d
phase envigQRRAinCAN RPRUGRIMRSAS hPiroBAL LA sBYitohtdra306h i £88bne Ut 144,
This type of configuration can avoid excessive recycling of hydrocracked
product. Ambtrheef thodsiiddd wallcaamn bectionaterdb poelubobt loast a setondppoducecycl ed
second di esel. out ua 18d4,t§nq. recycl ed scgcond b?t ttoms ftr.acti Ocﬂt J,[gz In this
conf i gur at TEH Mt HETHPESEF BR90: T o PHeSFTPER SNBSS BE | ner eased
whi | e usi ngpeinghdWidePidlut of tiR FREYEdt6H wheRed 1heRScohdDradil fhictibBhat at

mai ntain the total hydrogen need of the input to the second reactor at a
manageabl deaséord Impueyasl prapartyistaive tuthp dirstipseriict Bactinand 8o hgd merdugbnst i t ut e
fresh fee fefobh Hgs e{tqgag{ Sle i%n?ago eldrh%é‘[%?t erré@tﬁgé {Betﬂg%) t@(?t%@ frﬁ&io’rzll. G 1, second
reactor 150 Can include a 'si ng‘fe recrac ing sttage 1n a continuous liquid
phase envi[oonmEent . EAskbdirhénal |A/nethoal (bepraat@hylowsatRindistigaepesdutk0 coul d

i ncl ude one or nore hydrotreatnment stages, hydrocracking stages, dewaxing
or i somer iPAMTIEEs hagieicatine Brisivdrindgr effesyas hydotraattgraondidensn t her eof |

[ 0094] Pri { r | i.h the input
o the reatthrrafhEhe R dEREhRY bt oo i AT R R R Y aE

addi t i onalcffeytivolgeino@adkimeconddon@;124DidRA8FRT hidEahditd4daBdek 128 firstpr esent
as undi ssol yed gas.. This can be acconplished, for exanple,. by incorporating
a hydr ogen’os4Pes %%Peﬁmail Iilﬁaeﬂonﬁtoaw prodyce at heasigyliest diesd PHRGSE 155.

[ 0095] The : d : E}]% a
second vol ﬁjir(r%1 bf{%ﬁ& %?1 ﬁﬁ Pégt%g%j %V\I%ﬁ?l g%ﬁ%a%%%égaﬁ%ég vva(’%?ﬁmgg?aéﬁﬁn E11{?22(1) can
f ract i onatsecafdfiydentrackéty stagedasinglagastiniyos tignsl davaotment ubd@ ssnchdopt i onal |y

but preferapl roduct .(diesel) fraction 174, .as Il as lighter portions
SRR A e g 5o, H T o she st D5 5°n

di esel fr agioRR.frab@t PIBddwaGld @hehAdingatonlfldideiqURICRNUBAMESL thasuum gas

oil that may be suitable as a fTeed to another process, such as a fluid

cat al yti c aflcadkd dryvaxingcenditions; and fragiionasing tfze hysmecraqkad tdeovaked beitamiter e t her e
is little or..no.product fracti-on 17 hot.t 0 fraction 172 can rise a
i esel 1y dBcuiBR iPA REOEH bR A défhed MR EATihER, HiTodR A Y o Bse
as a | ow s@tdndrdieieep@bugrradiet andd efcendbbiyonastradtion] Whéeinane satbhddicsdlesel

product. In an enbodi ment where the diesel fraction is an ultra | ow sul fur
di esel pr duedct frpgfeondiagiableas opaimpressd epld dloa Rippereielafye to theififheiassb can
keep the r i hj r r : Nt 132
separ ate froaudt Ko hAEE Bl ou GARARRoRE AL dod inplRka ¥R, 172,
Not e t hat prbgergntlatiec ef the Gientbottédbs fractddnown as bei ng passed to second vol une
134. Additionally or alternately, one or nore other separation devices,

such as fI[89h8kepakarbodimet 3slhicppdhad olgmagiment s Bathst PIRPRDNGI vi ded wal |
colum 13 ' ; By duct s.
[0006] 1 aNa b BB B e s B e o

di esel fr aohiiouwoui gds plmss emaruhnieagptiarto pagsingstho pydonaited faed sothe festbodi ment s,
only strea 142 Tgnﬁ/.o(q 14711%{]iti ng first volunme 132 are used in FIG 1 as
feed to seé e dppdefowall QMg enbodi ment can thus avoid the potenti al
for excesg ecyql iing: ot i I t . | OfF , | eading
to reducecslmg?%](’juct ?glrl]ﬂ?%]uﬁ%nélqyr@gpﬁgg&géﬂo%gﬁn%so?m[e(fggv‘/lﬁsral&%%&gﬂ Igg’i ment such
as FI G 1,whdreidelsi ¢fédtivahydreastkihgwordiitidmar st cffigcice ydrbcracking conditions,

the second effective hydrocracking conditions, or any combination thereof include a

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



product can be produced by each separate volune of the divided wall col um.
For exanple, the difference between a diesel product fraction fromthe
first sepaoave/oieisane and fromthe second separate vol ureTaseolinei7aze a
different sulfur content, a different -lB%iding point or distillation
profile, or another feature, or a conbination thereof. [0098]1f the diesel
product fractions differ in sulfur content, the diesel product fraction
fromthe fjq sly

ar eat er ¢ Hn EHES B Rl s R R A sy OB e o BN AR
second sepldrlat eandoivhome the Thievan lhfydiocmoking stagofs inheodiimsels gps pldset fraction
fromthe first separate volune can be at., WO 20.12/012%318P /[ US2011/ 041732 -
30 - | east"¥BoRPerEs? %ﬂ%@%t&m 8355 fEora Ao hwp tiggss i a t\@%?ﬁ RS gast
about 50 wRRMgcAkoh®ARY RPANIhIBRroPRIinOr at |east about 250 wppm
Additional 'y or alternately, the sulfur content of the diesel product
fracti on f[0080k he fEnsdimapadr dthe mohahe agronbef dglequevid@Ocmippiments,| ess, for

exanpl e about .200 mo ess, . about. .100. m o , _or about B0 wppm or
Cees Fur chEFeia ghas hyEredigernsaryn bR Sk Fumibekl o e ot esel
product fraghi 90 hf " aMbkhEcSREOREMIBBAT 0D WabER 36ARIPAS) RRBYLL FUdOWRRM Or
| ess, for exanple about 30 pmor |ess, about 20 wppmor |ess, about 15

wppm or | dgkout@p.7diBug), 4 Crgspatuisrirdne gkout ORI 4B egdpdbow 808K i | | ati on

profile, t te volunmes .in the .divided.wall colum can be configured
o or oducd BRS8N Qi RE HRgb el MRS 1 son ol Bt ot | eot
about 215kngab@uént 10263t gaf Altc BXEHIRYRIc@kn haasit o ROGogbRbm(dbeUtvolAlds) , at
| east about 350F (about 177C), at |east about 450F (about 232C), or at

| east aboup aBegHivedbsstthobeiygenxgasumehdiring the hydroeatiagel y, t he separate

vol unes | di vided wal | cal.umm _can be .configured to produce diesel

boi 1 1ng r AP e o R 65 B KR pETE P L SRk BuR BRHER TS o

| ess, for faxesmlotmsahetibn KAked abdult 13¢t1da: oPh di@siStractivn titonbMR Fir{talithe, 316C)
or | ess, about 550F ﬁabout 288C) or |ess, about 500F (about 260C) or |ess,
or about £59Eyebdiatc! frageon fgom thssecongydumpaand 4 ecygrdebations fsEowfrene|

boi l'i ng rqﬂggecghﬁggmﬂes produced in a separate volune, the above T5 and T95
val ues can be used to individually characterize each of the streans or to

col | ecti vg982Zhar adingdodzera gt Mhefmdthal sitangams of [HGEOQIWeRbotithntpl e di esel
boi ling range streans are produced usi ng di vided wal |l colum according to
§

the i nventiwcindhfesuiur pestienad theserondispfiigh grapbemis lower thanyihe selfungopienhg
range stregmd ﬁ&%&ﬁﬁa“ﬂ%@&ﬁ@@%@% W U éo%'te?zlft bi’ﬁleftﬁg% ﬁ:{%aﬁgg&%ggé Fspar ate

vol une can be at | east about or exanple at least a east
about 25C lower thtn theastfuadrmtiint 50Ge fAstdiottbmndtakyyoror al ternatel y, the

difference in T95 boiling paoint for a diesel baqiling range streamfromthe

first sepdPi82l vol dmbadungrtidy dheangthed ey e 96 Piormie dovsoinibdivgHs.be at

| east abo : . -aty . , or at
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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',
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continuous gas phase environment. FIG. 1 shows a reactor 110 that includes one

hydrotreatment stage 112 and one hydrocracking stage 114. However, any other
convenient combination of stages can be included in reactor 110. For example, reactor
110 can have one hydrotreating stage, two hydrotreating stages, two hydrotreating stages
and one hydrocracking stage, or any other convenient combination. Note that FIG. 1
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 effluent 125 from reactor 110 can then be passed to a first volume 132

of divided wall column 130. The effluent 125 can be fractionated into at least three
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additionally or alternately have a T95 boiling point of about 250F (about
121C) or wessiz/fierssexanpl e about 215F (about 102C) or | es3/useotaberrs2 200F
(about 93C) or less. Exanple 2: Config@&tion including stage with
continuous |liquid phase environment prior to the divided wall col um
[00105]In this Exanple, a divided wall colum can be used as a fractionator
[0 atwo NEsEhRl If BRGHHADISHS ] SMa/Rhohk SHUE I bl dhese! . FIG 2
shows a schematic of a systemthat includes a reaction stage with a
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any additional hydrocracking stage could have reaction conditions simlar

to those déBeqitp above. [00106] The effluent 225 fromreactor 210 can then
be passed reactor 290 havi conti.nyaus .| iqui d se environment.
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portion 227 can be passed into reactor 290. The gas {:)hase portion 226 can
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catalyst ip reactor 290 can_be simlar to the hydraocrackjng conditions and
catal yst folcraatplyaleipgriogtos hatipms quiclirt # ReISIGE OFF‘l‘fﬁ‘?lc‘fubﬁ‘*/"i’ Pb?ﬁlpéﬂqr, as

descri bed ;&Jp@ It i , as
not ed her el n.%[e%a(l)l\yg%?%ﬁlg§£§ %‘tfb&g%c%&%%fv? fru(tl}fﬁ {B\gg{:e? gg@%gggﬁgnﬁq?ﬁe%@%@ passed
to a firstrecacddulif®. 28R cpfled pmitide df vaohd dekel wotRB084 FinBorefetdndemittoBR5 can be
fractionated .in at least thre rtians. dIn,the first volume 232..

bott o outieoys 1§ B omiRey b6 o34 3t dorint Hront bk B soiahs of
ef fl uent 228utGaBarhd &ede dépnbimtdil@nd c¥hdanhhing O FBEXahihle, MR input to the
2012/ 012088PCT/ US2011/ 041732 - 33 - enter conmon portion 236. Iéom‘mn

portion 236actenwigh e corjparoat dqudiphaseecngronmert conbs competsdas brigorosewie cut
243 and naphthg eul 289, NALE LA ARG EILIT S L HlusnL 295 4 8y;ghown as

bei ng passe G PPV ST uniS H95 01 KAUTRY onellllciy orarternat e(iyy, e or nore
ot her sepafydidopdtke@piodas, Axidtiier possitlingtaf@pas alcids bottomb ciPPRr fecydeul d be
used prior to divided wall colum 230, in order_ to renove %as phase or

ot her | ow s6e/1di qqgsebqalgg%]t%z and recycled second bottoms fraction 182. In this

configuration, the diesel output from the first volume 132 can be increased while using
one or both of the recycled fractions 182 and/or 184 to maintain the total hydrogen need
of the input to the second reactor at a manageable level. Note that recycled portions 182
and 184 do not constitute fresh feed to the reactor 150. In the embodiment shown in
FIG. 1, second reactor 150 can include a single hydrocracking stage in a continuous
liquid phase environment. Additionally or alternately, second reactor 150 could include
one or more hydrotreatment stages, hydrocracking stages, dewaxing or isomerization
stages, hydrofinishing stages, or a combination thereof.

[0094] Prior to entering reactor 150, hydrogen can be dissolved in the input to the

reactor at approximately the solubility limit. Optionally, additional hydrogen can be
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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
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diesel boiling range stream is produced in a separate volume, the above T5 and T95
values can be used to individually characterize each of the streams 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 T5 boiling point for a diesel 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, or at least about
50°C. Additionally or alternately, the difference in T95 boiling point for a diesel 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, 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 bottoms from each separate volume can typically be the

higher boiling range stream, and, in some embodiments, 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 thereof.

[00102]  Additionally or alternately, with regard to distillation profile, the separate
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 example at least
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 multiple gas oil boiling range streams are produced using divided
wall column according to the invention, the difference in TS5 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, 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 least 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 least about 100°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 ligquid 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 for producing low sulfur diesel. FIG. 2 shows a schematic 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 phase
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 herein.

[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 effluent 225 can travel up in the divided wall column to
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enter common 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] At least a portion of bottoms cut 242 and/or diesel cut 244 can then be
passed to a second reactor 250. The reaction stages in reactor 250 can advantageously
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 first volume
232 delivered as an input to second reactor 250. A recycled portion of second diesel
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
environment can be composed of bottoms cut 242 and diesel 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,



-3.0 [00116] The divided wall colum described in Table 1 was sinulated for
fractionation of the output of a configuration simlar to the reactors
shown i n \E®ane288 The dividing wall for the col um i npTahiseo1l/oeen2 be at

| east as tall as about the height of tI8&d sunp plus zone 4, and can be | ess
t han about the total height of the sunp plus section 4 plus the flash zone.
Thus, for the dividing wall columm shown in Table 1, the dividing wall can

be from ahoyf, ﬁxgro fsﬁ %e@bﬁ%ﬁlsnabglp%eF&roﬁd &R tZEQ P&thiks Bhe 81 hpfnat el y,

t he hei ght of t ng wal e sélected so that any contam nation
bet ween frlgzdtoooemkmgrsmgas.ed in different separate volunes is bel ow a desired
| evel . V\(f ﬁgi 012088PCT/ US2011/ 041732 - 36 - [00117]In.the sinmulations
for the dil9 walPIliog ) gisring ractefi 2A0dhyrgosen qanrbééeﬁw 8d imthe jpuy s gr ent

si zed non m v v T of 1 YiO! dionS hRg to the
separat e vrg unme Ta%lgjotﬁ:ﬁmjl rotordetgt?' &?E ?%(glraagkl ng1011 %@?ﬁgp?gsent ed
about 59%pésehhas tndisadlvedgasnel hisiéua l:tevaocm]pimhadi dovolanmis bfyoncdrlbmatﬂmg/a ded

wal | colu were sele have Vol unes that wer.e ghly simlar to
i vt cual ISR SO Pop b M nir o d61-gs g al“ﬁémé‘ﬁrw&%separ ati on.

[ 00118] Thegdy ¥i ed T‘P{@ bl Wfr%%ﬁé éé&@ﬁd feﬁct-gf‘%(?ca}l tft &P a

fractionation o I'stinct products from each %u separate areas
bel ow t he shecptglmolmﬁe 23veofdthe ddiideg well ¢Qlurﬁnr23&nThmdtvn®ki \wlbwlmngaso ol feed,
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corresponded to products with i i nproved cold w properties relative to the
product s f336mlin He cnibogimend shewin & K6l @rehere Stage 254 i1s a dewaxing stage, the

bottoms fraction 272 can include dewaxed vacuum gas oil suitable as a feed to another
process, such as a feed for production of lubricant base stocks. In such an embodiment,
optional diesel fraction 274 can be an arctic diesel fraction suitable for use as a diesel
fuel in low temperature environments. Additionally or alternately, portions of arctic
diesel fraction 274 can be blended with portions of diesel fraction 234.

[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 difference between the fraction from 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



[00119] Whil e the present invention has been described and illustrated by
reference to particular enbodi nents, those of ordinary skill in the art

wi | | apprwoizatzitdsat the i nvention | ends itself to vari &Cirasg0mnoti732
necessarily illustrated herein. For thi3® +eason, then, reference should be
made solely to the appended clains for purposes of determning the true
scope of the present invention. W) 2012/012088PCT/ US2011/041732 - 37 -
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conpri si ngth rgﬁﬁdgﬁj%%ﬁen%% egag%eo@\liﬁlﬁuﬁtelw ef?rle?t.s{ %t{co? {egotcr){/eggﬁ%?loetgoggti ng
condi t i ongioint of the fracaiot ifimnathic dgsttshparhy dobinie Atredafhekds iastkabont EH)°L lesst

vol ume of a, divided || columm fractionator to produce at |east a first

pr oduct fraééela?t(ﬂ]i’,ou%ﬁ@%rlgﬁs’ Bﬁt%%aW5é${aﬁ]ﬁ§s'and a first conmon fraction
that is passed to an upper undivided volune of the fractionator;

di ssol vi ndExaygodie ®ntienaltintredstion oplhydrogam iofo redworf witls corbmibemnisquiid glidseon t o
approxi mately the sol.ubili Ey limt; hydr ocracki ng the portion of the
first bottonms frac o r effective hydrocracking conditions in a

hydr oct ackiong1 $f AGR;.PYhB8aeahBhd QUGN Sp A} huRANERORIEBLen AFh
fractionating the hydrocracked first bottons fractioh in second vol une of
t he di vi dddjuwhténtmobusmeadtondnifd@ald.awotmixprs3diees shiowndasmixing Bpdgempr oduct
fraction, a_ third product fragction nd second.common fraction that is
baosed o THb® [y SHftbrasar bR nadin S aTRPRT ARSTRROP! S ot 1% e
second pr agéductd afd hierfa$s. athd @acts ARRIVIMIdRYRE fRIMPRRIrbYer @icafi e to the
first product fraction and the third product fraction has at |east one

i nproved preduuid3ekst.ito et least aperopoatelprshef sokuhilitydimit (saturation point). The

saturated liquid 374 can then be returned to the reactor 340.

Example 4: Example of divided wall column

[00115] Based on simulations, the following divided wall column is predicted to be
suitable for various embodiments of the invention. In this embodiment, a divided wall
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 least 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.



2. A nethod for producing |ow sul fur distillate products, conprising:
hydrotreating a feedstock under effective hydrotreating conditions;

hydr ocr ackorgizdieoskydr ot r eat ed feedstock in a first hydPornmsekilogl7st age
under first effective hydrocracking coriditions; fractionating the
hydr ocracked feedstock in a first volunme of a divided wall colum
fractionator to produce at |least a first diesel product fraction and a
first . bot t r aCthéﬂ‘% simulation hfy)g{h%c 1\%8‘15((1 ﬁ/gll %0188{112 ][h%ra[i\plziingh&alllbr%glhfegﬁn
fraction | econ rocrack aving a’continuéus 1iqu

envi ronne I”tt)volﬂ‘lﬂﬁ'énﬁsﬁ?&dﬁﬁn&fofrﬁﬁdﬂ Vkﬂuﬂﬁyﬂ rTh'er fagkdcpgracondirhe, Q:ﬂﬁrespondmg tdewaxi ng
t he hydrocracked portion of the first bottons fraction in a dewaxi st age
havi ng a dBntsPARSuIPMgEedhe hwrpeﬁmélﬂfhyeim&%ckegf@e@wéelareweiﬁdr?&Oe Ptions;

and WO 2Q} ﬁﬂ@tﬁ%@%ﬁ N %F 418 %oluni® for the divi fffd%ﬁﬁ %.guﬂﬁ@ geet he

hydr ocr acke ewaxed bottons action 1n a secon di vi ded
wal | col ursalettedcd hmmmeﬁhmmac@l@dy $imglst toandlemmahfrahtmsahormodldnm

fraction and % iecg bottons fraction, wherein the second di esel
pr oduct f rgtieble forhg sappe jepaiafioyn e |nproved cold flow property relative to

the first goesg) pﬁg&glld%?lﬁ?cf Feit b&lﬂmn%l’é?crfb'&& i ELa0q aﬁ%&?’?@% ffarcﬁSﬁdthH opas at

| east one |npro ed property relative to the first bottons
fraction. twd.distimet pretiingsifrom eablaofmhﬁ seffaate heeas bdnprthsheightmfdnodivalg ng t he

hydr ot te d ffect hyd d t
gas. phase ‘Wb K HURLIHEEr e L beere iy arsr At e RRRTERSt he 111t
vol ume of Jrhguctlhd &ersyabl lln‘thﬂ’%E‘brodtﬂ:{ fotREcHRHAREL Afa. ae BRBNAS prbfiget

previous clainms, wherein the eftfective hydrocracking condltlons first
ef fective anyldinqselrlanlkngw@ne@p@dwtcfmn tlterseccsekﬁ@mta@fvfoma Qfethhyid’rldﬁ@rva@kl ng

condltlons an nat.i gn the eof in ate rat yre f.rom about
500C t o anslimEdesaRy A blodRel SiaRoreaf sl e bR T kel 678 Wpagy o
about 300Iﬁ&mgmﬁaﬁﬁw&gﬁ@tkﬁagﬁevdnmanSV fron1about 0.05 hr-1 to about 10
hr-1, and, when the relevant hydr ocr acki ng stage is in a continuous gas

phase envi %$ gen tLrea n1ab t 0. about
Fitreen ti0OETT AP g AREona0RBN BR hEh e TRt sl Ry by P che

to particular embodlments, those of ordinary skill in the art W111 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.



5. The method of any one of the previous clains, wherein the effective
hydrotreating conditions include an LHSV from about 0.3 hr-1 to about 5.0
hr-1, a twoabizpremssure from about 500 psig (about 3.4 MPagjustaiabrrat 3000
psig (about 20.7 MPag), a tenperature-f370om about 650F (about 343C) to about
800F (about 427C), and, when the hydrotreating stage is in a continuous gas
phase environnent, a treat gas rate that provides an anmount of hydrogen
from about~t Mgl mes to about five tines the hydrogen consunmed during the
hydrotreating. 6. The nethod of claim5, wherein the portion of the first
bottonms fractiopn j ' ne ty: O f ' f.raction fromthe
first vol ulr're, a&}ﬂ g?i/ocrqféggrgmééslggmg@ﬁﬁg}]&@r&t&?ﬁr?(ﬁg@ég(?:lgh%&ﬁ )l une, and a
recycl ed bott oty dfotaatinga fdedaiorit ieles e pfeatdDlethydrotredtingldtmditkinkod of any one
of the previous, clains, wherein the sulfur content of {he second product
fraction is | ovEiipRaehoRipracLRIweA Bf ffﬁeVO_ﬁW%?ft ?b&éflﬂﬁétwa?lr acti on,
and WO 2Qb2{ 91 RQGRRGb: iHﬁ%QO i&%ée%le?a%?a ﬂrsggroﬁumlc]ﬁglﬁ', 4 M8 w{om][frz&%ﬁ,?m of

the third product fract | ower than the su content of the first
bot t ons f raadtai fost. congnonlfrectivatthads pdssahty annppeafundnedgl edlimeas! tleai s, wherei n
the height. of. the dividing wall is selected so that the second product

fraction CHFHSMHE about 1 Wt % or |ess of material corresponding to the

first product fli@eti®hydrSeen i@t RBHRAGI R AMie ARCLORoR] RhdtRnIoand 3-8,
further conprisi ng]dhgdr oprocessing the hydrocracked first bottons fraction
(gls])

under ef f eppProxgmity pdelibisi Ingitcondi tions in a continuous |iquid phase
envi ronnent, the .hydropracessi.n 1Sl hydr ot r eat me .catal ytic
dewaxi ng, ri ng-ggé‘}éf%gglggﬁ%li’%fr“" Qgﬁl(r)g]&?rﬁtlsbs% ngs.yf%cﬁﬁl.lu eéen%%thvgd of any one

of cl ai ms Rdasehckird, conbigiogs i 4 heirefri@eid dsscaivalgy ddntidesmaXiqagl condi ti ons
include a tenperature from about 280C to about 380C, a hydrogen parti al
pressure S HPHBRI 800 psig (about 2.1 MPag) to about 3000 psig (about

20. 7 MPag), an(%rﬁﬁo{;ml'ﬁg the Ryrﬁiggr%ﬂ@eg%%t ﬂ?)\%\t,gﬁls tﬁ%cf?@ﬁfﬁta écgnﬂ(a&me o?‘ The

nmet hod of any one o tc al s erein e second di ese raction
and t he setioddd ball colmrf fir@tiohaor @rpeodat at Raytal secortdprothet davtod, aghisd age, and
wherei n sai d hydrocrackjng of the bottons fraction further conprises

hydr ocr ac mrﬂ(ai%?ra%r%ﬁﬁ BRCSRd EREMOR Tiaetioh (SE PREEES Ui UPParindigethat hod of
any one of,Jihge BF @Y iQESoekd M8, wherein the cloud point of the second
product fraction is at |east about 10C | ess than the cloud point of the
first product fwlareindme secdBl protiect hechadhafat daayt awempfoviel erqpedy irdeigvectoai ns,

\(/)w:elr glsg t h[ﬁe ﬁ%lslt ];;)}Jordugtof?e{c%g}l an thte}%ﬁiré Ho%i%ct%e%%gg Elasf e{t%:e{[sjt S ilnfpr(?'vt)e%l'grople?ty\/\lpp m

relative to the bottoms fraction.

2. 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 bottoms fraction in a second hydrocracking stage
having a continuous liquid environment under second effective hydrocracking
conditions;

dewaxing the hydrocracked portion of the first bottoms fraction in a dewaxing

stage having a continuous liquid environment under effective dewaxing conditions; and



14. The method of any one of the previous clains, wherein the pour point of
the second bottons fraction is at | east about 10C | ess than the pour point
of the fiwetotratieess fraction. PCT/US2011/041732

-38 -

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 product fraction, and the second bottoms fraction has

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

3. The method of claim 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.

4. The method of any one of the previous claims, wherein the effective
hydrocracking conditions, first effective hydrocracking conditions, the second effective
hydrocracking conditions, or any combination thereof 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, when the
relevant hydrocracking stage is in a continuous gas phase environment, a hydrogen treat
gas rate from about two times to about fifteen times the hydrogen consumed during the

hydrocracking.

5. The method of any one of the previous claims, 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, when
the hydrotreating stage is in a continuous gas phase environment, a treat gas rate that
provides an amount of hydrogen from about two times to about five times the hydrogen

consumed during the hydrotreating.

6. The method of claim 5, wherein the portion of the first bottoms fraction is mixed
with at least one of a diesel fraction from the first volume, a recycled diesel fraction from

the second volume, and a recycled bottoms fraction from the second volume.

7. The method of any one of the previous claims, wherein the sulfur content of the

second product fraction is lower than the sulfur content of the first product fraction, and
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wherein the sulfur content of the third product fraction is lower than the sulfur content of

the first bottoms fraction.

8. The method of any one of the previous claims, wherein the height of the dividing
wall is selected so that the second product fraction contains about 1 wt% or less of

material corresponding to the first product fraction.

9. The method of any one of claims 1 and 3-8, further comprising hydroprocessing
the hydrocracked first bottoms fraction under effective hydroprocessing conditions in a
continuous liquid phase environment, the hydroprocessing comprising hydrotreatment,

catalytic dewaxing, ring-opening, and/or hydrofinishing.

10.  The method of any one of claims 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'",

11.  The method of any one of claims 2 and 4-10, 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.

12.  The method of any one of the previous claims, wherein the cloud point of the
second product fraction is at least about 10°C less than the cloud point of the first

product fraction.

13. The method of any one of the previous claims, wherein the sulfur content of the

first product fraction is about 15 wppm or less.

14.  The method of any one of the previous claims, wherein the pour point of the
second bottoms fraction is at least about 10°C less than the pour point of the first

bottoms fraction.



