1 - LOW PRESSURE PRODUCTI ON OF LOW CLOUD PO NT DI ESEL FI ELD OF THE
| NVENTI ON [ 0001] This invention provides nethods for nulti-stage

hydr opr ocwennigizsebng a di vi ded wal

colum as a fracti egatuseo11BABIKGROUND

OF THE | NVENTI ON [0002] The equi pnent qecessary for refining operations is

one of th
catal ytic
equi pnent .

e maj or sources of costs in a

refinery. The equi pnment can include
reactors, fractionators and/or separators and ot her supporting

< [ eactor can have
etor, to

separate out the vari ous products produced in the catalytrc reactron st age.

[ 0003] One
reactor t

No. 3,412,
oct ane an
the fract

al | oned tdBmCKIH¥@MBﬂe®FTﬁHbH@VE§ThaNdescription or suggestion of any

interacti
The out pu

heavy fr aCsB{nQ:@%fc[dQQQﬂhEéF&%aThéa&Ph}Brﬁ@ﬂt'c% ildudeERaBFEIRDor8PPEAr s to

et hodr o peVERGIOR capital costs is to allow nore than one
0 use the sane fractionator. U S. Patent No. 3,412,016 shows an
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ndepend refinery gasoline streans (such as a | ow
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cycl , Or other mxin of t he gasoline "hottaons" portions.
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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 U.S. Patent No. 3,412,016, 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 Publication No. EP 0819752 appears to provide another
example of using a fractionator having multiple volumes. In this reference, 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.
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wppm or less, a nitrogen content of about 5 wppm or less, and a cloud point of about -

15°C or less.

[0007] Yet another aspect of the invention relates to a method for producing low

sulfur distillate products, comprising: hydrotreating a feedstock having a sulfur content

of at least about 1500 wppm under effective hydrotreating conditions to produce at

least a liquid fraction; hydroprocessing at least a portion of the liquid fraction, the at

least a portion of the liquid fraction having a sulfur content of at least about 100 wppm,



3 - under effective dewaxing conditions in the presence of a catal yst

I ncluding at |least one Goup VIII netal on a bound zeolite, the bound
zeol ite cwoppilgizsgroa one- di nensi onal 10- menber ring zeolPCralS2e4ihe3xst4 | east
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liquid fraction to produce at |east a product fraction, the product
fraction having a sul fur content of about 15 wppm or |ess, a nitrogen

content of abo mor less, and.,a cl oud i nt .of .about -15C or | ess.
o e De el R s (oS OB arisRist QU Ra Rl iftRels ddRly dhe,
reaction sysupmifiahetplesd ObalindGedlite] 16 B8SnELOAlctiontpristhgainomrdigdhdiem of the
i nvention. [0009]FIG 2 shows results for sulfur renoval froma feed under

catal yti c denasbeigingoralits Bist lpsoreitrre VllamsleompsisingNis atd sul f ur
removal f rf?ﬂl&%%tﬁl%%}% Vf)]i)r%?érs%@/ 1t181 % gﬁ@%ﬁf dtgg)rﬁ%g o llegﬂﬁ:pré&gg'ﬁll&lo% 4 shows

results for s a om a rotreating and catal ytic
dewaxi ng ab&pitcduarfeaction having a sulfur content of about 15 wppm or less, a nitrogen

content of about 5 wppm or less, and a cloud point of about -15°C or less.

BRIEF DESCRIPTION OF THE FIGURES

[0008] FIG. 1 schematically shows a reaction system for performing a process
according to an embodiment of the invention.

[0009] FIG. 2 shows results for sulfur removal from a feed under catalytic
dewaxing conditions.

[0010] FIG. 3 shows results for sulfur removal from a feed under catalytic
dewaxing conditions.

[0011] FIG. 4 shows results for sulfur removal from a feed under hydrotreating

and catalytic dewaxing conditions.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] In various embodiments, systems and methods are provided for producing
low sulfur diesel fuels that also have improved low temperature properties. The diesel
fuels can be produced using a two stage process that operates at relatively low
pressures, such as below about 800 psig (about 5.5 MPag) or below about 700 psig
(about 4.8 MPag), while maintaining a good lifetime for the catalysts in the process. A
first hydrotreatment stage can be used to reduce the sulfur content of the feed to at least
about 100 wppm, for example about 100 wppm to about 500 wppm or about 200 wppm
to about 500 wppm. A dewaxing stage can then be used to remove additional sulfur
while also improving the cold flow properties of the diesel fuel. Preferred catalysts and
conditions for the dewaxing stage are discussed in more details below. In some
embodiments, a further advantage can be gained by using a divided wall column
fractionator in place of having dedicated separators or fractionators for each stage of
the process.

[0013] Performing a hydroprocessing reaction at a (relatively) lower hydrogen

partial pressure can provide a variety of advantages. Operating at a (relatively) lower
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sul fur content | iesel fuel e desi t ice the sul fur
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about 10 wipppeaturd &Sng Maho@baidting cap@pican stk imathtively Highur aviivigy ul f ur
removal w thout increasing the hydrogen pressure can be to_increase the

reaction tBRPEalEHBON Gl PG CAHECICO . ITBIFVE SHPErEmaYE. HloMeNe
hydr opr oo Herealind Al réXRbE ?eln{r%ritﬁ%%hﬁ als0 %}éﬁéa"l’i&'rgﬂc% o Qﬂ%ﬁﬁle%?’iﬂevdawysft.or the
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hydr ot r eat nent tal ysts, can there nprove s remova
However, iModi€gsg tig sphe vobanityi byradtimgpesratcatalystanl/@lrsducingpthe dlowrateeduce t he

lifetinme of the catalyst. Mdifying the space.vel ocity. by adding nore
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per f or mnGRercNRWaMBINt §tafilxBBarPhSRcEd M cHBrakOSEiSen ASW e loncr eased anount
of catalyst can be needed to generate a given flow rate of hydroprocessed

f eedst ock.hydoprajessedtibgsistoglot i on for inproving sul fur renmoval can be to add
a second [0015] Another option for improving sulfur removal can be to add a second
hydrotreatment stage with a separator between the stages. Adding a second
hydrotreatment stage can allow for use of an increased amount of catalyst. A separator
can allow for a reduction in the amount of gas phase contaminants, such as H,S and
NHs;, that are present in the feed due to the first hydrotreatment stage. However, a
second hydrotreatment stage will typically not provide an improvement in the cold flow
properties of the resulting diesel fuel product.
[0016] In some embodiments, a combination of a hydrotreatment stage and a

dewaxing stage can allow for lower cost production of diesel fuel with a sulfur content

of about 15 wppm or less, for example about 10 wppm or less or about 8 wppm or less.
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dibenzothiophene or unhindered alkyl-substituted dibenzothiophenes. This can be due

to a change in the HDS reaction pathway. Dibenzothiophenes and unhindered alkyl-

substituted dibenzothiophenes are believed to be desulfurized via a direct C-S bond

hydrogenolysis, similar to the situation for the thiophene sulfur removal mentioned

above. By contrast, hindered dibenzothiophenes are believed to require a two-step

pathway for sulfur removal that can include hydrogenation of an aromatic ring,

followed by the C-S bond hydrogenolysis. At relatively low and moderate pressures,
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reactor can then be pass to t sec une of the divided wall colum
to produce?@Fnhﬁg?fzgm Eﬁﬁ%wpm? %?ﬁﬁ?? ofPRE: ﬁlﬁﬁb@h’rggngP@bﬂTand one
or more |igagrabblff0 VRsm. PR bANRRA ﬁ‘@m@ﬁé‘l%rdr&?@a‘{ﬂl@r& sfpBGhh BO&IRRdDE
produced in addition to the diesel product fraction, such as a bottons

fracti on. tThdirslivedane pftbedotdddreadt ¢dwmoal heéﬂhwn%@éwg@ﬂyo Hawérsavelumfeur
content of abo p f or .exa ess or
about '8 vissirer e dS BRI B BT AR e LR 0 S e o
the di vi derheviRhlicERhdtion caRBxE Rt RtiPAAUEMANo&ion beRWethe Sightisf e esel
product . ot i onal | , t he second reactor can al so include other stages, such
as hydr ot readimgivall, e oae.deRIcney, albeidhe HEhgHraftions sHl aigt he Agelsonattie

ef f [ uent f ﬁehc%nﬁﬁgrfﬁ%éf ﬁﬂ < tffalgﬁgnei?& ol %hte(%llx;lﬁﬁg%ﬁablogﬁie\h%%ﬁgp of the

di vi ded wa col um Another mul tiple
reactors ahdnandmvbdeﬁowmmdﬂmﬂbummﬁhaecb@bﬁﬁﬁﬂqﬂeh@ﬁmﬂdﬂenumyunhg gr ades of
distillate and.gas oil products at a reduced cost.. ln such an enbodi nent,
the first GEREIBEIERN F%Yé?ﬁf%“%seftr‘éﬁlt B Holams cre Bchidi it leashadottoms

hydrocrackigos Taﬁn@&ﬁlesélffra%gﬁrA% RaRaPorieh & JRf 1 ﬂéﬁvér Rt dARlcgn Yl Tur

content, such as fur content of "about 500 wppm or |ess, for exanple
about 400 wppm or Iess or about 300 wppm or | ess. Addltlonally or
alternately, the sulfur content of the effluent fromthe hydrotreatnent
stage can be at |east about 100 wpopm for exanple at |east about 150 wppm
at | east about 200 wppm at |east about 250 wppm at |east about 300 wppm
or at |east about 400 wopm The effluent fromthis reactor can be sent to a
flrst vol unme of a d|V|ded mall colunn for fractlonatlon The flrst vol une

Y 1 N T o, o, R 1 . T . o



8 - the second reactor can be about 500 wppm or |ess, for exanple about 400
wppm or | ess or about 300 wopmor less. Additionally or alternately in this
enbodi nerw0 201133820 f ur content of the fraction sent to Phe/Useaonsssneact or
can be at |east about 100 wppm for exa7rrple at | east about 150 wppm at

| east about 200 wppm at |east about 250 wppm at |east about 300 wppm or
at | east about 400 wppm Opti onal |y, a port| on of the diesel fraction can
al so be sent t tion f at

Moot on® Sty e RFRARG: PR SRl 38 Wil abgtof iR /L, 3¢ o

properti esulfaNebngert b@theFactibmdnit @tht Reédond aghctichn bl ebdlit 00 agpuedleol uMm
froma common volune. In this type of enbodinent, the two reactors in

conbi nat i GAT AP1E FROUYAYG BeaMailess 05 RRaHS BRI DPRRIUes. 4R Yetawsthef our types of
distillat i I oduct ;
o ar ot o cirsRcne FafuidoRichl e HBEARNERPIOGAN GBI HiBtoRel Rl DEUE ]

t he di eselabpmoﬂlﬂm/pprﬁ, fwaexmmlgatslem hbcmmdﬂlmppas atlhmlabdsutanﬁ wippamat he first
fractionator volunme, which could bgegw t abl e an FCgp(ieedst ock; and a

vacuum gasedst PO A% BPPi: thle?%trﬁ'i’% SEPE: P %?F%‘i‘fé&t ¥PRY t he bot t ons

fromthe 5(9*;9%‘31@ lhdRIRLS o Aol RoavithialifR léhﬁ'b@?en% t ﬂl@@é&mﬁ%a&dﬁ ther

processi ng as a e basest ock. Feedstocks [0021]1In an enbodi nent, a

f eedst ock Wwreffieant fram thais¢doal rmtdrlca@th@mbnma@bdm the@esindalobute dlIDE (about
204C), for,e east out 232C . east about .500F (about
2600t diosed vl sahmsBRreditat agaaisehrotis Bhelie Bote: GHb 360,
or at |ea%¥nd@)ﬁ@@¥ ROk I{t&%&lo%@tiodaﬂ anRdrRhvienkadione Bin bé}ﬁ@dﬁi&@ds'[ ock

can have a final boiling point of about "1200F (about 649C | ess, for
exanpl e ab@@ddlmmﬁﬁheal!f@@ﬂtpré@%fra@tﬁom é@%l asatﬂmﬁpmm@m:or(a 1e®$ﬁt9ﬂug‘~r | ess,

Aot onanrastiBh et sdARhedln R gy SRy ARE B0l FEREPmAAS, BE Lo e

boi I'i ng paixainpleadpaur Hﬁwpplntwlléss ar aﬁﬁcsfw@dl pelegenh dgetypt of babbéiatdnt, For
exanpl e, the tenperature reqwred to boil at least 5 ww% of a feed is
referred ttBe spagte yumpypf the divpdadavall mluma campnable predysioné alower f eedst ock

ot cas by 8, pRAPE iy SRS ocphE Hhedf Ol AZHALhERAG supBis RHATP! ©
| east abouis hyBEci@aizaythy2@8fackings aﬂdén&sltydﬁh'mliﬂhitt"gOﬂzfgeé amhejbffﬁl&ﬁﬁqua}ue | east

about 650F (about 343C), or at |east about 5F( bout 352C). Additionally
or al ternéﬁéqlﬂfirei‘%‘érm FSeaip g SF%‘EH%‘E ERCE edaw% SIB@PI i ng point of

about 115 out Qﬂﬂh SC) or
| ess, aboﬁtﬁoggg 39%‘4{?3“‘@%%81 Od% ﬁln ou%cn%%%gg %gggﬁ 8C) or
| ess, aboutoh@ﬁiOEan(lB:b(md tmﬁzdi)lceararymggradesr oﬁmautateﬁﬁlfga(s@hmnodwﬁs%ﬁ or |ess.
Exarrpl es of swtabl fe ds e\l}%n i nclu but are not necessarily limted to,

various at ﬁ%ﬁﬂéwt edﬁ?ﬁn@ég ¢ Byt reagiogsan pcks Png 85 MKy r ange
f eeds, an%yhﬁﬁfé’ﬁtn@&ﬂ’t aﬁc@@pmfrwaék@ng@tggagrﬁ%rw% 8Rfvidd PR22IWiM atdgasle scussi on

below, a "mneral oil" feedstock is neant to be a hydrocarbon-based oil
froma fosslfhy tmnum,asluclﬁ aeh s bucortenisafahontsd 00rwirien of less, écprobxnmpletdbeut
comer ci al rodu ch as e.g.,

o | ordoBRns Gy RLOS R RHSIER of B OGRSl R B i s

to a hydr Qféﬁfehﬂ@f the effluent from the hydrotreatment stage can be at least about 100 wppm,
for example at least about 150 wppm, at least about 200 wppm, at least about 250
wppm, at least about 300 wppm, or at least about 400 wppm. The effluent from this
reactor can be sent to a first volume of a divided wall column for fractionation. The
first volume of the fractionator can produce at least a diesel fraction, a bottoms fraction,
and a lighter fraction which can exit the divided wall column from a common volume.
The diesel fraction can advantageously be suitable for use as standard diesel fuel. At
least a portion of the bottoms fraction can then be sent to a second reactor that includes

a catalytic dewaxing stage. In an embodiment, the sulfur content of the fraction sent to



feedstock derived froma biological raw material conponent, from

bi oconponent sources such as vegetable, aninmal, fish, and/or algae. Note
t hat, forwoOheilpisgzeses of this docunment, vegetabl e fatskoirits201e/083514
generally to any plant based material, @and can include fat/oils derived
froma source such as plants of the genus Jatropha. Generally, the

bi oconponent sources can include vegetable fats/oils, animal fats/oils,

fish oils, rolysis oils nd ae |ipids/Qils s well.as co nents of
such et erPareShd iRt A SUPREN ISR BhelmiREafRy bof e BRIaRS o

nmor e type @fabbitB0od vaprpoetiass . Addifohi1o @rpReAgs]yan ehit ¥Rbedihlt, bhodud@i cal
conpounds that are insoluble in water, but soluble in nonpolar (or fat)

sol vent s. aBtent pinthe fragtienagipliodBe gacond rggcopraebr & lpaseatoye 190 wop®l B et hers,
chl or of or e i i 24] Maj or
cl asses O]EQX F“?lH%yst l‘i%g%bgjgg,fjob\gﬁﬁg’r%?%ag?%gﬁg@a?%yﬁp?ﬁ {;@éﬁg é() W%)glglfét aci ds,

gl ycer ol - desst wedit BO@ingpm( bnatlleedi stgouf 406G wppinl Opaivdalh agohodn ¢ ths fliesel
sphi ngosi nederi ved |ipids gi ncl udi Eg cerarTLdes, cerebrosi des, fgangl i osi des,
and sphi ngBIfYeN C#kyIs0 Bt embraide serone Reactorad piswaR rowl I PEABEILOfah (Fapthei

derivativeg, ; 2 ] tuguk i id
Em alrétfbt d1i§s%l HQ%[ﬁm, h b MS fraG Vﬁitlpmﬁ’ﬂre{}@i dotd ﬁg@?&i{k?%?sa%ﬁg% nerally

| ong-chai n al cohol s and waxes. [0025]1In |iving organi

serve as tlightdsdisicgorf that caml dxitrteevbivaled svadlnelasn &ofmor eonarhoifi velunst dn dye. Li pi ds
can al so he found conjuygated wt roteins or carbohydrate uch as in the
Formof I NRHGTEI e tnF B PeSianaitr auen \BuDe et aked¥h &§c abl o
oi I s that gamceat kagdohmyp&OIdEkanae phbdikid Nt diNR frefudtdénuf@uddat are
not limted to, rapeseed (canola) oil, soybean oil, ‘coconut oil, sunflower

oi |, pal mdesel prodreti degraed digsdl proseainiaving improyodsekbilleow propegids rgative ©or n
oil, cast i iatropha oil i Oj il iV i | flaxseed oi.l
O ol TSt G Bielel phEER VARl pad O BRBuAIS tpNddbfys T e FRCFET oty 1)

10 - [0027%AjoUagstvahitiecqild Be asitabRf8RhETQ fechabe; And aRa@lusDgdsigl proéudpr ocessed
vegetable oil material. Non-limti n% exanpl es of processed vegetable oil
t

material iWél BeRoTet ojd Bewasorgdestastaybettonys EeR e sesemt Gactiapilgr esters
typically doﬂﬁhy%ﬁ}aﬁ@c} tr?ée %}Mlabfe%ﬁf&the%&%c&rsmg%%l%e PRI ethyl, and

propyl esters dre pre
Feedstocks
[0021] In an embodiment, a feedstock can have an initial boiling point of at least
about 400°F (about 204°C), for example at least about 450°F (232°C), at least about
500°F (about 260°C), at least about 550°F (about 288°C), at least about 600°F (about
316°C), or at least about 650°F (about 343°C). In another embodiment, the feedstock
can have a final boiling point of about 1200°F (about 649°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, or about 900°F (about 482°C) or less. Additionally or alternately, the
feedstock can be characterized by the boiling point required to boil a specified
percentage of the feed. For example, the temperature required to boil at least 5 wt% of
a feed is referred to as a “T5” boiling point. Preferably, the hydrocarbon feedstock can
have a T5 boiling point at least about 400°F (about 204°C), for example at least about
450°F (about 232°C), at least about 500°F (about 260°C), at least about 550°F (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 hydrocarbon
feedstock can 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,



[ 0028] Exanpl es of aninmal fats that can be used in accordance with the

i nvention include, but are not limted to, beef fat (tallow), hog fat
(lard), twokewat29 fish fat/oil, and chicken fat. The &oirnmmskofiasisican be
obtai ned from any suitable source inclyding restaurants and neat production
facilities. [0029] Animal fats as referred to herein also include processed
animal fat material. Non-limting exanpl es of processed animl fat naterial

i not ude cavol AR (B8R B CL R R HDOF GBI QRS Feol B0 oXier

are pref er@agsht 4Bm03]r19ésgaﬁxﬂhﬂ)lés of sulitabledscddicen in¢RideabltremitnacRedilyn al gae
in the form of menbr ane conponents, storage products, and netabolites.

Certain allfaifedsior wross apmaspheris andlqy vaswnp sasibicsdic Hicael honlinegraecalseds,
cyanobact %‘d%ecﬁ%Qﬁ@ég@n&%gPc?ﬁﬁ;ltﬂf%@ltﬂdeoq' gh levels of lipids. Algal sources

for the algae oil taln varying amounts, e.g., from2 wt%to 40 wt%

of Iipids, [Obaz]ed omntmtcaécumwbélo@fat‘rhﬁlebﬂ@nasé‘edstbspisfmea&le&aﬂe]eAI gal sources
for algae oils include, but are not limted to, unicellular and

mul ti cel | dvgrocartyadasedeibfipes: (opsikmiterad il s0wRs sugleascrifooibpig met the
chl or ophytg &&EﬁL@%QﬁE@P&Eﬁfc?suéhr 5*%8@1%%%#{&%%%%@ 8§:§an apachni ophyte,

eugl enoi d, pto t onona agel 'um  phyt op and the
i ke, and mldr[b]nnatl ons thereof I n one enbodi nent, al gae can be of the

cl asses ChIHB iﬁhyceae and/ or Hapt oph%@a Speci fic species can include, but
are not 23l t o In lwshisuesionbdowon ﬁ%aa%nens@éﬁ%@%%ﬁfﬁg 9 HdrdseRIEd OnEugI ena

gracilis, f’é’&ﬁ?o%g%h% thal 'tﬁ@l%%‘t}!fﬂ% JE (EA126 i, f£&h bR ?g%)g% mesi um

parvum Tetrase onobnas r ar dtii.
bi oconponeotrcbesds aaszagﬁtadale rantri, ﬁmrlesmdibr algaﬂertﬂmtematafnr thﬂqaluqﬂxsemﬁﬁhxsf t hose

whi ch conpyise r| ma tri eri de and fr aci FFAs). The

trigl ycer i%9&€M&Md %(‘B |r¥§r gotrral yﬁoé‘P}’Bﬁﬁf% Ti% graﬁéﬁmbhal ns in

their str Hﬁélﬁ&@fa%ﬂé el 9Bn8a tQurdbs eh ra@%fh%ts Jres gén%EJ btrdph@ MG RerhiBy, 26

carbons, for exanple from 14 to 22 carbons. S)/es of triglycerides can be
b

det er mi nedhfabmo@mpwgmt gourdrsican fredudg vagétable rs/pils, vamad fatEVhés flshtoyls.aci d

constituents can fj m ned usi n S romat 1a phﬁ/ 1QIGC)

analysi o PR EaaAd yuf e piop" g AT R PoRETS G T ot o
some embodiments can specifically include one or more type of 11p1d 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.
[0024] 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),
steroids and their derivatives, terpenes and their derivatives, fat-soluble vitamins,
certain aromatic compounds, and long-chain alcohols and waxes.
[0025] In living organisms, lipids generally serve as the basis for cell membranes
and as a form of fuel storage. Lipids can also be found conjugated with proteins or
carbohydrates, such as in the form of lipoproteins and lipopolysaccharides.
[0026] Examples of vegetable oils that can be used in accordance with this
invention include, but are not limited to, rapeseed (canola) oil, soybean oil, coconut oil,
sunflower oil, palm oil, palm kernel oil, peanut oil, linseed oil, tall oil, corn oil, castor
oil, jatropha oil, jojoba oil, olive oil, flaxseed oil, camelina oil, safflower oil, babassu

oil, tallow oil, and rice bran oil.



saponi fying (hydrolyzing) the fat or oil, preparing an alkyl (e.g., nethyl)
ester of the saponified fat or oil, and determ ning the type of (nethyl)
ester usiwgQ2@G/@sePbysis. I n one enbodi ment, a mgjority @CTasoigoszsier than
5099 of the triglyceride present in th«i lipid material can be conprised of
Cl0 to C26 fatty acid constituents, ba gd on total triglyceride present in
the lipid material. Further, a triglyceride is a nolecule having a

t t tiial ly identical tp the. ti duct of gl | d
Chr ee. 1 at JVSEH s, VRREDIeaiTs i Cgrvra oreEN ) a1 e R BEEP B TFRDT n o
bei ng_cormyi sadriafl NGHfiiaiei dlampick o8 PRKbAAcDPcL0RS 51 ARG At Ly aci d

conponent does not necessarily contain a carboxylic acid hydrogen. In

anot her erastdiang fatty agidalkplrdstops. ohlkyt ¢sigry bwidaliz snghudesent's dlkyk ¢sterpi @eonponent
feed can b 0] 1sed, o 12 to C18 fat aei d.constituents, based on total
triglycer iOgél%%:rgﬁfIélr‘l%ﬁyl’&fﬂﬁ'g’rantdfg%pg}g?te élté%prteﬁeé'%dar e derived from biol ogi cal

raw nat eri[@D28pPNPOERAMplcE dN ahiffal RAethhedanbeatbdinerteidanceSMEntRsn¥eatiby aci d
al kyl esters éeég., FAVE and/ or FAEE). [0033]Bi oconponent based di esel
g

boi I'i ng r dngeds, detive neblimited is bedfIfyt (Fdlpw)rhaigalt Uay turkey fittlisbdateibnd sul fur
cont ent s, A RXBRL @ FhOPRIRARSItobARSHLSEAOLIERT SARLGRNLALR UP L

about 500 wppmn ) exa 0] ou mmnitrogeh or up to
about 100 regpuraiits bfidgent prbdstieadadfitidi t rogen and/ or sul fur, the prinmary

het er oat om conponent in bi oconponent feeds i s oxygen. Bi oconponent diesel
boi i ng r 4§29k eedAnimalgts aé.rgfgne@mwhqrﬁelawen@bdqmowmﬂanll@ak/ﬁa% oxygen, up
to about . 06 el t 0 . i i oconponent
di cael  boi gyt SogRRRiiofrBakg oF Bkl it AOHARRA MUERLE AT DTE ot

| east abouindFatwt 86idakgedsiers. OAlSX angk eypatallydadtdapat alkylstorox@genr [ 0034] A
m neral hydrocarbon feedstock refers to a _hydrocarbon feedstock derived
from cr udengeiof Msayliptlayloid sARY eyl e pieéstEidabl y been subjected to one or

nore separ@ht an R ¥ efin SEeS fer he m ner al
nycr ocar bdg 8L st augts Sh3F ol ClyBRall SGRERET I LRI o 0 T The
di esel rangenbmnabavponchsastplags paidusty) dndbh&atdeeks t@elam dgal strambude, but are
not limted to, virgin distillates, kerosene, diesel boiling r e feeds,
jet fuel, Ratparkymicpalgaesuchiyhaionsnd M 6?6%69%“@%9%%9@@%@&% cycl e

oi l's, and |tNgs bt lhﬁ?s. %%ap .egi?éritﬂé"élgll@@iﬁse&ivcohﬂﬁi %lﬁg aMOARRL S g?ﬁgﬁil

versions thereof. [003 neral hydrdGcarbon feedstreans suitabl® for use in
vari ous erhettohedd stihar lipalsebaed bb tagercigiont! ¢t bibmass isbdut 50 wppm t o about

6000 wppm nitrogen, ~ - 12 - preferahly from about 50 wgpm to gbout 2000
wppm _nitrdﬁbf%il f or AdgaTpYEcs 106 #eap 8 t gl : RuBaue 000" BT A4 r ogen.
Addi ti onalAlmtieélmrta?ga@amhﬂlglefs S ARSI ARoBopIRkc, WRERKRI N can have a
sul fur content fromabout 100 wppm to about 40000 wppm sul fur, preferably

f r om aboutheROGkompypimyteo tritophyte 3¢ 0GOphypipghldrarackxapipite chglonvid bimpto®5®, wppm t o
gggugl ggoloc%%;rv%ﬁ:gag}lzfc%gglg)%]algerhu\r/l%rph%%;s)la%gg eimrgs‘tﬂé ﬁkg,fana b:gm i 1(')115si tﬁgfeo%. khel feed
one embodiment, algae can be of the classes Chlorophyceae and/or Haptophyta.

Specific species can include, but are not limited to, Neochloris oleoabundans,
Scenedesmus dimorphus, Euglena gracilis, Phaeodactylum tricornutum, Pleurochrysis
carterae, Prymnesium parvum, Tetraselmis chui, and Chlamydomonas reinhardtii.
[0032] The biocomponent feeds usable in the present invention can include any of
those which comprise primarily triglycerides and free fatty acids (FFAs). The
triglycerides and FFAs typically contain aliphatic hydrocarbon chains in their structure
having from 8 to 36 carbons, preferably from 10 to 26 carbons, for example from 14 to
22 carbons. Types of triglycerides can be determined according to their fatty acid

constituents. The fatty acid constituents can be readily determined using Gas

Chromatography (GC) analysis. This analysis involves extracting the fat or oil,



from bi oconponent sources, for exanple at least 0.1 wt % based on a

bi oconponent source, such as at least 0.5 W% at least 1 w% at |east 3
wt % at Iwesp111838w% or at |east 15 wt% Additionally ecraisc@nioaisely in
such enbodi nents, the feed can include 550 wt % or | ess based on a

bi oconponent source, for exanple 50 wf%or | ess, 40 wt% or less, or 30 vt %
or less. In other enbodi nents, the anount of bi o-coprocessing can be

relatively_ small ith.a.f at . ncludes 20 % or | ess based.on a

bi oconponaaroL e db bR L8 el MichiRE AB8uY E0LpsRSP FEEEINET § e os
or |ess. Adgbdiiienak byoidrandldtimie the itypesHcmetbedicrBiihs GO hrlfsgedncan
include at least 0.5 w % based on a bi oconponent source, for exanple at

| east 1 we caboflisngit, mziprity, (6 2sater dar>080\aldhe Wighweridnprcshietie of
| fur, nigs , S 8 ¢ of
sul fur ng'rlgﬁ(?glgigiglapg%c g&%on@?ﬂe@&?ﬁ@é gé6nfgg[¥fg§iﬁ%§£§ﬁﬁen% gggecaqmgg P! endi ng

two or tocks can‘typi ca mned using a wei ghted average
based on tthglybtradegedschemdie lipdmeax@atpFarther, atrigy@kridt éedmaldula haviaganponent
f eed can be bl end%d inlﬁreir atjo of 80 wi% m neral. feed and 20 wt %

f X
bi oconponetticiuEstbsipntigliyddentisal tqithg gaghrrodudd of elyrerobpdttecdritapddt 1000

wppm - and fihg Qih%ﬁgrggﬁfg‘?%erifd@%ddééé’&b&l ik Y b&ﬁ’é‘%&ﬂﬁriél%ﬁ o@?ﬁ‘g&ia&& wppm the

resul ting bl ended d toul d be expected to have a sul fur content of about
802 wppm sh0@d8dklundssived ¢ duti fattn ba¢ cainpsmEnt Bods|ioh geaeasagdy fedadsar eans
suitable for, use in th resent jnveniion tend to.boi.l . within the range of
2bout 215153 it 8 5EgoB afae MEpaRoy BsLE B Of kTR epded
enbodi mentjy tidWlocingslentiRbd tbd @RGRIsEEBLSL 6 @M KA abRABn@MuddN, bhald boiling
poi nt of at |east about 215F (about 102C), for exanple at |east about 250F

(about 121@)totahiriglycsside aprient. DBF typas@hicctabatyare darivied dxm bilolngicaBoOF (about

S et abaRh (B hateth BN T Ao, sh IR PPN a1 808, 5 77O

Addi ti onalgAMErandldr@aER)ely in this preferred enbodi ment, the diesel
boi l i ng range feedstream can have a final boiling point of about 800F

(about 4276933k | eSHocommpoapeiaseirdiFse] hpibng raes Gyedsireanesstypically bysut  750F
(about 399 atix%l%llcgvg ?]ﬁtholgvglé %13(9 %ugﬁllrr.coﬁte&tg. 581e %{?1%1 1dre CO&‘E)%E‘Q‘Y[E%&% boi 11 ng

range f eedStrea i'ng ran dabou out 233C) to
about 800Qeédaboath c42 déntain Agdd bb@naDO wppm @lrbgsnn &dredximpleh® t8iaBeutal000i |

f eedst ock can have a T5 boili nlgﬂ oint of at |east about 230F (about 1100,
for exanplYPRaR NjtEOgeR oLy e aboyp Gﬁ\aqu%f@) Insteagof pidrogen andipr SWEE (about

120 A LR RS ST TSRO

can have a ing point o or less, for
exanpl e abbese]l F&hRg {aabo liicd38AEG)S, ap., casmclde ap oudbot2 56 wiaboyeB3p@ or | ess.

I n anot her .enbodi pent, the diesel boiling range feedstream can also include
er osene 1BAbel ENBOLHER: PobRGbPHEl LB TSR 1LOBBPPTH G Enge from
about 250 "Boﬁlﬂ%’éhgeﬁ%&@&eﬁﬁs,@% to BARBtréAROM cAAAGde RaBsdk hRsut SKebem

[0039]In an e dinment, the reaction system can include one, sone, or all
of the oxygen, for example at least about 8 wt% oxygen.

[0034] A mineral hydrocarbon feedstock refers to a hydrocarbon feedstock
derived from crude oil that has optionally but preferably been subjected to one or more
separation and/or other refining processes. Preferably, the mineral hydrocarbon
feedstock is or includes a petroleum feedstock boiling in the diesel range or above.
Examples of suitable feedstocks can include, but are not limited to, virgin distillates,
kerosene, diesel boiling range feeds, jet fuel, light cycle oils, atmospheric and/or
vacuum gas oils, heavy cycle oils, and the like, and combinations thereof, including
hydrotreated versions thereof.

[0035] Mineral hydrocarbon feedstreams suitable for use in various embodiments

can have a nitrogen content from about 50 wppm to about 6000 wppm nitrogen,



followi ng features. The feedstock can first be treated in a hydrotreatnent
reactor including one or nore hydrotreatnent stages or beds. The stages in
t he hydr owoeatwesg29r eact or can be operated at a pressur @Civaisoswiabisat 800
psig (about 5.5 MPag), or bel ow about 90 psig (about 4.8 MPag). For
exanple, the pressure in a stage in the“hydrotreatment reactor can be at

| east about 300 psig (about 2. NPa) for exanple at Ieast about 350 psig

(2.4 MPag) t e St 400 ast ut 450
bai o ( abouteStpAh AL RR LSl 00 nbu h SRR Phets EERMRET act or
can be abmﬂwﬁﬁﬁt@&@ttmgprﬁ nard\gaag)Ad@.mdnaﬁﬁor fleingdamet&tbayut 700 psig

(about 4.8 NPag) or |less out 650 psig (about 4.5 MPag) or |ess, or about
600 psig (saﬁahl@ of uge Wagl)caarhav‘é%ulfwn@ﬁhtrmy abpwemﬁwmt toeahoneii00eact or

can al so i d
hydr ocr acki ng orﬁ%nﬁto lﬁ?@%bﬁﬁﬂﬁég%YQﬁﬁgQ£aﬁ;@??@%f&>ﬁ?§¥g%e§ﬂ?plus any
ot her optuhnﬂhb@nageampommabedﬂﬁ@OOb@paulfur content of the feed to a

suitable | eyel . At such relatively | ow hydrotreatent pressures,
typi cal | y [8886kossilbyraiqusenthedinagiits ofrthe siveatian, fhe leedcanyonelade £f‘d> §>r oduct

to be beI can be
reduced su I???%hm%gggﬁgt ?ﬁ%xabgﬁa?ﬁ%%R{ﬁwﬁ?hﬁy%ﬁ%%yé?gggﬁﬁgﬁthave
about 500smmbﬂ)smhhumiamtbés&ﬁéﬁmkm/ oﬁnameSwﬂﬂOmWﬁnnﬂomn%eesm about

300 wppm q ey out . 250 but t |y al so at | east
about 100 lwabﬁ? Bt utcfcﬁtwnatlw é&@ﬁﬁ 1atsuq hesaodipit. l%st? a/ﬁib‘htnc °&P | east
about 200 WAPB? less bakéd on b BREOM ?B@en"t SaRtd, 95 SQ !etS(Pv'i}ﬁ’/o P 1&s, ydi9f peat ment

stage can be conditions suitab reduci ng the sulfur content of the
f eedst r eartessToe3 (- etl6 o tss. clondhdricortodoeants, el and@inan{ bileSvpfacessirgb@ntbe0. 3 hr- 1

to about 5.0 .hr-1 taI ssure. fr t about 2.1 MPa to
bbout 800 ThRruHy aivafty v eh & rogR B G Sao R D8 e b b b SEOR A About “Bove
hydrogen (ufe, fo%ieﬁnﬂl@@S REVEINER! 1 ERMRIOr HshDrisneil 0BRSS, » A@lifomullly&per at ur e
from about 500F (about 260C) to about 800F (about 427C). In one preferred
enbodi rrentaltetrmely é]a%lphomb@@nwmtsb tedeeskarniindndrn least .54 based about 0.5 t o
about 1.5 bqoco p(OaB %) 1% B{f%?'%pqe Ftt 18£Qté}%b}t a?%gst&sﬂ %pﬁg]gas%S wth//lt:)ag) to

about 800 psig orexampl’é Tt om about psSi g (about 2.8

MPag) to gpos¥] 700 TmsicentealsTustlfér, ﬂltMg@ﬂ)ox | afd bRIMASrAd [eastddkoreabout 700F
(about 371C) to about 750F about 39 f 41]The catalyst in a

hydr ot r eathyeHendngiyeo @ranorbée%ist@@hs/@a@ttmﬁal y by diterntiet ysieg e wewhipdt | such as
| B I,
Support” ” FRIERERH il o Cha el L TP AL AlnP R ool @

ni ckel , nﬁb@tbdmrhd:rhlertdaagsh edio dB0cabimiaraldes] 4ndea0eof® bibeompoehe feread
conblnatlons of . metal s_can include nickel and nol ybdenum (N Md) or nickel,

cobal t, arlétheonipste HeMpnt edhB)conis elabret KiYBpens apahe HesamroncBut are not
limted tq"secﬁl'lais a%lﬁ?bo%&gof‘bwﬂt@@ by@ﬂél‘%suh?hé BRhded R &"Bénat' ons

t her eof . 042]1n an e i ment anount 0 reat gas d Ivered to the
hydrotreakmpanattaqoeaadﬂmmdmmmdtdmut&@prmsunpt|on of hydrogen in the
ment stage can be frontabout t wo

ts oaggout ﬁﬂbé§fl rrg;igﬁ‘hgé %ﬁ%ﬁfﬁ@aea %%ﬁ g@@ﬁ%%éﬁ% trpraps BARPISITOTGHSe R esh

feed in thge Efe@&ﬁm\/%nﬁé(rpteﬁélto byghahiaat pE gb oPLIGRE 2 EHT chlﬁq@?o rrgm about 50
scf/ bbl (about nB8) to about 1000 scf/bbl (about 170 N /nB) of

hydrogen,zﬂep@%WFﬁgﬂoutﬁéFCmuhlmannoksednmbuﬂhmgtﬂhﬁhﬁaibmbngﬁn@he f eed

(about 17 Ry i ot sats 68 Pt ol iGot MouoThrb Rt Tk chnge = 7"

preferred KRR AL aboliL240°E JAbRRS2 1oah) eat ¢t MR uf 2 DIVF sk 13 titmes to
about five tines the amount of hydrogen consuned, for exanple from about

four ti rresleatst)alab@at)O"fF (peeuttlHHKS), au\lbasé altmiét32ﬁfe(ab<bévlé3t¢)9atle@sagbm&t es refer
to the rat 6 iver
streantha§%99§ éé §>fb%@“ 8?“ﬁﬁﬁgﬁwg£?) b(635%?%t§]ﬁ%éﬁﬁﬁgm8%eral
gas stream3gamn). b@ddlfl@tﬂ@lfytdrgﬂa{nhﬁélﬁhgm@ preferredlémbodiment, the diesel boiling

range feedstream can have a final boiling point of about 800°F (about 427°C) or less, or

about 775°F (about 413°C) or less, or about 750°F (about 399°C) or less. In another



[0043] The first reactor can also optionally include one or nore

hydr ocracki ng stages. Non-limting exanples of hydro cracking catal ysts

i ncl ude nwokel1/138826kel - cobal t nol ybdenum cobal t - nol ybderam®(US2011/033514

ni ckel -tungst en, nickel - mol ybdenum ang or nickel nol ybdenum tungsten, the
|atter three which are preferred in one” énbodi ment. Non-limting exanpl es
of noble nmetal catalysts include those based on pI ati num and/ or pall adi um

Por ous sup rt mat er i he naQ d npon-nobl e
ot o' cot gk i BleSe I El) AR BEUSER bR hal o PihE RGB!
silica, alasrrheabsid 233aC) K Sl JUNC, (abb@ugmemltﬁﬁlﬁniaor aegnaslyathe zi r coni a,
or conbinations thereof, with alumna, silica, alumna-silica bei n%)t he

most  conmoRineEhail &eélﬁteﬁlﬁ e have adimebashibpirefiaf leagteabont 330° E&@@@F %0"

especi al |

al Ito er nat e?/y} %&H{L}%e%% ]?é]b?e hy@)@%rlggkl nog%(t:té%%atb?@tnrbsﬁgg |Oﬁ€ but are
not | i m t adirther ac&htﬁcﬁﬂﬂ?l@ﬁhlﬁﬂ’rﬂatéllypmea]hmeﬂal Rabécarisorafeeditandial€a TS5t ot al

pressure from about bou 1 MPag). to about 800 psig (about 5.5
MPag), forPodiienaiet qfﬁg%tgﬂé%@ @ %ralsm%orfxenw 5>utt7<§0 PR 6tieu00 psi g
(about 4. &oyRagy, .and aﬁoﬁt'?@'ﬂ"f%albehltr j835 @P@tclgssVQbQﬁbtbé(r &%}ﬁleﬁtrﬁ%ﬁ}gam 0. 05
h-1 to about 10 h-1. In anot her enbodi nent, the same conditions can be used
for hydr othoelatg naggeafe;dddmgedmman absk |1mgudﬁekt$oa@ne stngg esmnpsuclk t@aprovsicrag

ot 1 yEERROT AP BB TaaRt rorpol SEE DT PR R B G ana

hydr ocrackiongchpeds or stages can be the sane. [0044] 1 n an enbodi nent, the
anount of treat gas delivered to the hydrocracki ng stage can be based on

the consunption of hydrogen in the stage. The treat gas rate for a
hydrotream&ﬁcan be from about two tines to about fifteen tines the
amount of [gyg9pPgen 1 NSMBBENREL tIRALARIonAYstEMREN il @RR dnl, Jh&, B AVSF thé

typi cal hydrocracki ng stage can consune from about 50 scf/bbl (about 8.4

N8/ nB) t doHbwure [Q00Es.sEh¢ fﬁbﬂstoelbmtﬁr&t?@ tragidg p hyflratedinesgereacidependi ng on

vari ous factors i ncl udln ture, of the fe cr.acked. Thus,
Uhe Croat egiRgoBS ubito R SrRhHl Sudts S} B fe RSk e BEARARARES S o Thhou
15000 scf /rbztﬂtor(@bcbutop&é% alNa@fdzﬁ)re bELef Boabs0o psidh@bbiitens WQ‘%E) aabelogan be

fromabout two tines to about five tines, for exanple from about four tines
to about fabeut 100msk (abaet 4hdRae). oforyamplsethc purtsurea sige & WRat t he above

treat gas lég}og%ra{n?%n? Featfr EE&? d ﬁtlgasﬁgbcﬁl% g{)(? g§§ (EHSIJQY\Q 16\313}} St

del i vered a gas s ream havi n roge}%Ie he treat
gas rate flezrsthﬂitmteﬁ(epegl(z gMP@)Jaeaafmscmw@qusﬁ)g)@bbum&MBa)mr@bmast - 16 -

[ 0045] The effl uent fégmthe drotreat ment reactor can optionally be passed
into a sefRPtdY.Psig @b Fal MEG) ThGPrepIuEINfdtagsdp Aheldspirgtment dedctPres £ | uent

from cont g}, RRRbo@96 s1g%15€ﬁ9 SGUNIPRG) A Ofof @ﬁ%ﬁﬁ@tab Lﬁ"}'@b pe% éQ{dﬁ’tQ%en

sul fide or ammoni a. hase hydr o¢ar bons |g ht produced in
the first MBag)tomﬂess,aaboaI@iﬂ)m@bam\/eﬁMPﬁIgEOlslegsabaa‘tmut 6@hpsag (aonet.él y be any

other str ur.e Ult bIe f t e of as/ id. separation, such as a
T heti onat P 6 DRtiRutBs e RGBT RRBRREE bP RS ed ot or
t he hydr OtldiRat{RA tof §a@&CorMed § LAALS, hy"dh%rafé'klﬂgr & k@ﬁfdﬂﬁ%ﬁngf Ba9 The

hydr otreat nent” stages can be cascaded to the dewaxi ng stages w t hout

i nt er medi altyelr@@p@mq@ ploges (Pb@zﬁle}’ Afhee pplignel sipgq%m redegsahasulom conten dast  a
porti on Of P F edt qullugab?e ev%egt su(%l repa%vgla%o grOtﬁfﬁ meélggrers,'séler'\eascgtor t hat

i ncl udes a east “one Ca ewaxi n e Feact or can

cont ai n onlyicalgveotipogilit &gase swlfurdem@xd 1ﬁ@he§lﬁ}&@@tﬁea@dﬁlcbr@dil&ttl)“bmw0pti onal
hydr of i ni shing stages follogw ng the dewaxi ng stages. The second reactor can
remove addiberioH¥ winms Thus fyraxamaler Begulfascapiqnt C%tsbeaWWaﬁgé”mﬂy SPrpr ovi ng

the cold fjg @fe%ﬁ)é{tg'tﬁsd ang\‘jsth%%gn hhQOBELEERAL Ahh Xul iGAHALNLL fof dewaxi ng

can be acconp I she y se
example about 400 wppm or less, about 300 wppm or less, or about 250 wppm or less,

but typically also at least about 100 wppm of sulfur, for example at least about 150
wppm, or at least about 200 wppm.



hydrocracki ng or by isonerizing |long chain nolecules wthin a feed such as
a diesel boiling range feed. Dewaxing catalysts are suitably nol ecul ar

si eves suwb2as1/638829t al | i ne al um nosilicates (zeolites) ®CT/US2011/033514

si |l i coal um nophosphat es (SAPOs). These. catal ysts may al so carry a netal
hydr ogenati on conponent, preferably i'n!:%udi ng a Goup VIIl netal,
especially a Goup VIIl noble netal. The anmount of netal hydrogenation

conmponent e fr mab ut 0.1.w%t ut 2.0 wt% hased,.aon the wei ght
of The dedlIRG® carZry R0 podhittsdh b By AR B bR U o wax ng
catal yst c@nabie %rli@&lcﬁﬂg%lﬁ@ lsulﬁ% RAnfehOsmhYFdelisti@hal Thdeadipnhahditibfs can

conbi nation with tungsten, bdenum or a conbl nation thereof. I n such an

enbodi mentinclydeanhdSNtfrerh ah@lél@e} hic 4a ab@uthr(bhli ‘abdetal pressuns from abowi308 wt % | n

ot her typi ¢ unt S bout 1
oo tordifnar! PRk Troaah MM 80wt Mlaef Wl ontifiitg A

Addi t i onallbast Sboud BB Hy@Ese) (e. ghemarmuf&nmdeﬁ b@tﬁﬁﬂlSlﬁ@ﬁlefﬁga@p@M a5 wt % or
| ess, for exanple about 4 wt % or nmet al

(t ungst en, lCHBEPHER o abgpt %QS’nBi(%b&m %@9 Gt tq ftlwgs-%@h F%@%ﬁ"@deﬁ%ﬁ?e when
present, Qfegﬁd E&B%lﬂﬁﬁyﬁhe%e%w L %n&’llﬁggﬁt ca%QIlwga/@ a I gwomta}f&t%? 10 % % for

enbodi nent e anount can be at east about
exanpl e atabbetak$ hab(auotaBprmS%a)fromtabout 30D psigd @bt 2abbiPag 10 abbob 80Addig i onal |y

| t tely, th t of VI t al t 20 W% |
19 Br aexgbgfa(ég‘a%étﬁ M?’sgm u?eesﬁnqpl?g m %Hﬁgglgéﬁl?ﬂ%t ?%4\398@,{0 Fh‘?}’rtdag%gllgute SZr e
not necess@hddiy.d M%gﬁgna 9§egg)etaﬁeaqfat %an%@dﬁ h;gbaut37¥8@%taeoab;@w 380C, a

total pressure from about psi g (about 2. to about 800 psig
(about 5. FabragP9°Glor exanple from about 400 psi g (about 2 8 MPag) to about

700 psig ( 4. n LHSV from about 1 hr- 0, about 5.
noa”o1 e SABRRE, b abat n 3 hydrQiFRURYN 810 Fa Ped H%Wﬁ%l‘ﬁtj‘l hiare i8S can
be the samgdsttshen &Y £884Y8 bRIpoldao NS VaBLHAS LA IIGB0S VIITMmaAt

anot her embodi ment, the tenperature for the dewaxi ng conditions can be the

same as t hmat%mpemaﬁuuﬁ@kf wetalshanhydnds, betart ngt loone toi ertalt, 1[11019948] In various

enbodi nent s e nol ecul ar sie sed for .cat al X corrprl se,
conet st ooy o5t orgloRYElRE s Rr ABVR ot ol AR

nol ecul ar Héelan MWcllde i ckbPalidmbgBa¢chuy (NiIVRD oY nickSIVedishlt, %@ﬁbly@ﬁ&ﬁmﬁ 0
perform dewaxi ng primarily by isonerizing nol ecul es within the feed.

Typi cal si(NieaMpy %wlt@hiwpp@m@@m@ud% ket Zsppulgndehtopsilighsilicaabgninagr | ess,
for exanplg ‘ﬁﬁgu@%ﬁ}g Co){n | E58ns Bk Feo rably | ess than about 110:1. To for m

a catal yst can e conposited wth a binder. Suitable binders

can includeo4dut anganeibbdiffichethd ot bi Géat gad delivaeed t5ithd IBRr@tdabthaa,
titania, zirconia, and m xtures thereof. Cther suitable binders will be

appar ent ts6:geisas be basedjen|the ¢ansumation of hydowgeg]in theatngend e itietaas rath&ranpunt
f d h
of treat %%d?&héaﬁﬁ%ﬁg%a%? rcllu{‘ﬁ %ga‘b}éﬁﬂ @ﬁ%‘é@&t%e%{f’e@‘ﬁg&ﬁﬁo&% opased on the

consunption-o e treat gas ra or a dewaxi ng
stage can tb/elrdgreobbmowti ;tevxbartelbﬁﬁrettofeadbouﬂlefstagé eAnypicaiEy dtdeammmunt  of

hyd d b | f f eed . |
Byt 1 o SRBRART R SSmsd e APP RSP (5M SBQUT 50 SaPrbIODLERRR 8. 4
N8/ mB) t q ehRYY RP/8DIdr lﬁ?hro@@t@%@?erﬁﬁlmﬁ%s efcrdty HeAge thdeReRAIMNY ON

various factors including the ndature of the feed belng dewaxed. Thus, the
treat gas thafeed bamglhgdfateatcdbdbivs, 1@0rst gdduic qaatbe ditoni ZbdurBOGB /bbb about

3000 scf/bb| e odi ne he treat gas
rate can lf@b?‘\&gﬁt?\ﬁbo‘ﬂt% \%ﬂg ‘tt%g Stfﬁjbigag’@te{ﬂqe/lg E‘?TEHP ‘?Itfrpr%fi?gﬁéﬂ e from
about f ourenidodBieritOthdResttgak kM€ cdrl FefomtiBBudIRUMesAb abydTREeMGARsumed. Not e
that the above treat gas rates refer to the rate of hydrogen flow |If

hydr ogen |9$n<d1@t Dﬁllordéogeasmpwmedofor@xgagleitm@almlh éwrtgnqsé@ 9qu§we&om%

hydr ogen, e, tr gaestrg testa o %e 0 amstr fféh be i

proporti or%g(l)F vourat 4 TdS b |n| |%g ca gtd g8an i ncl ude

catal ysts d‘eﬂﬂ&r@d as p@t &F O sl having less than 100% hydrogen, the treat gas rate for

the overall gas stream can be proportionally higher.



nmetals, Goup VIII nmetals, and m xtures thereof. In an enbodi nent, the
hydr of i ni shing catal yst can include at | east one netal sulfide having a

st rong hywopaganzass2en function. I n another enbodi nent, tre€ThisANINBIFIENHI Ng
catal yst can include a Goup VIII nObli nmetal, such as Pt and/or Pd. A

m xture of nmetals may al so be present” g'bul k nmetal catalysts, wherein the
anount of netal can be about 30 wt% or greater, based on catal yst weight.

Suitable r ctor tal oxide), supports .can,include | ow, acidj.c oxides

stch as s PP of ik e ettt oGP Rt 5 4Rees o o s B RErEk B or e

hydrof i ni sligdg NahanMehS ctipl@rd? 'Fi?ﬂﬂo@ra@lﬁﬁé’&ﬁﬁl?ﬁ@in@ﬁlﬂe GRRVI hiskel_bbdIeast one

nmetal having rel ati velé strong hyd&g?g_enatl on function on a porous support.
.'

Typi cal suppubdenng eabiatineolybdenimcnickid-tungsieninacksl-molybdgmma|apd/eenigkilde
materi al s o s._al uni na i) n ilica-al.umna,. . T u rt
et ort o o PSRRI AN e Pl e PG B S A M TN BudiBeRLRRIL

f1 uori nat ilitind BEanid&-dTabble niged] @htalseR iridedhost Bescd ahplafistimean/opf t en be as
hi gh as about 20 wt% In an enbodi nent, a_preferred hydrofinishi ngblcat al yst
P

can i ncl udslligdipmy Poroup pypportapaseriaty wiveh Biayba ysaddor brih the nobleand §gn-geble ani | y

of cataly i ri . j -af Ly i.gh silica
contont. ” Ehdal AL & Sl BRo TR R R Wb WL MR 0

menber of siliviaskiedelsibr, idiatdviiMedds. caftbDbagdnkhialracoma, s icoigbmetialis tthapers, waln i ncl ude
a tenper atTr e. from ahout 125C to about 425C, for, ex e fromabout 180C to
about 280EUEINA.Giliga. Pprmwas 63 OB RgBON. caBmopény RIElFEEd: 12O% MPag) to about

800 psi g (AhRHIm&tP Z}égﬁ@supg&’is 8RBV LIHE 1R} ﬁ?r@‘fﬁujﬁﬁ@s fSh & (§Pouh 2.8 MPag)
to about 700 psig (about 4.8 MPag), and an LHSV from about 0.1 hr-1 to
about 5 hradditiohdly eadtenphtelyfhreoredibButable hydiocratking cabditivnsicad ihelude, bthe tr eat

gas rate can be.selected in accardance wth th r ure described above
0o oty artt pRdiRES ot Gy P SRR S, B Rt Bl Ry Bt b
second reakber3003Rid (ABHut2S1 RERE P AbBLOSHD ﬁs[gfa@bbwyas ®MPag) T6r &xagpld @H@AL or can
allow for fractionation of the effluent to Tormat |east a diesel fraction

wi t h benefabenta00quigiaboww.-HMasal toi absut Hlfarsig@bautg. hdMtaghrandpdiguid di esel .
Such a digsel, f tion.c | 0 nn ut - or less, for
exanpl e ate)hé)&hy-sé% Vgg’gf%zg?ggﬁrﬁ @QBjéﬁl'gfgﬂl et(gsesl?gu(%r%glbb&tl gﬁ?% or less. -
19 - Di vi degboddhéntGat vame asndatidnsaah be naldabr hRRbBdting vad hodiscasbagdbednt s, a

di vided wall colum can, be enployed as_ a fractionation tower. The divided
wal | col urfii SEges segh ati usingthydeoieeplipg saditens dprRash gopsingelydresiacking t he vol unes

is aco | r . VA mai ni ng
vol tmme T Op o T A I o R bl e g T e
ot her by aydrocrabking twab br stdges cambe diesamol unmes are all in fluid

conmmuni cat | 2 via the commpn vol unme. However, petroleumfractions with a

suffi ci entlﬂﬁ ff gh Born ProdBIcAt themsaeunt gbtreat gay, delvgredita dhedyidipsradking
fficient [ i I j i t

surticiren St%i%i?l be B%eﬁ%ﬁgﬁﬁ &Qﬁurﬁg 1PEE Pﬁ?illr)%%ﬁ in HRQAL! ¥ @lehQus rPRgdi ment s

bel ow, the ed wal | um i esc
a hydrotreatment stage can be from about two times to about fifteen times the amount

of hydrogen consumed per barrel of fresh feed in the stage. A typical hydrocracking
stage can consume from about 50 scf/bbl (about 8.4 Nm’/m’) to about 1000 scf/bbl
(about 170 Nm’/m’) of hydrogen, depending on various factors including the nature of
the feed being hydrocracked. Thus, the treat gas rate can be from about 100 scf/bbl
(about 17 Nm®/m”) to about 15000 scf/bbl (about 2500 Nm’/m’). Preferably, the treat
gas rate can be from about two times to about five times, for example from about four
times to about five times, the amount of hydrogen consumed. Note that the above treat
gas rates refer to the rate of hydrogen flow. If hydrogen is delivered as part of a gas
stream having less than 100% hydrogen, the treat gas rate for the overall gas stream can

be proportionally higher.



havi ng one common vol ume and two separated vol unes. However, a divided wall
colum coul d al so have three or nore separated volunes, along with the one
conmon voworme11/138€85] The vol unes can be arranged i n anyPconfSeguiaision t hat
is convenient for the desired fraction él ons. One option is to have each of
t he separated vol umes occupy roughly ez portions of the divided section.
For exanple, a divided wall colum with two separated area and one conmon

area abov d haye t arat ed areas occ r oxi ter hal f
of “the 1 odlPIRLr ' ae TRy R PeRSERERER e e PG VeI el
col um W thsehaRRe. T8RO atLs c%h%%w%ﬁée?aﬁﬁ&@oﬁﬁéﬁhd SHARRKALEH BhmiRMHEUPY
approximately a third of the |ower portion. Alternately, each of the

separ at ed @ﬁ@af@rm%dthmgélydmtfe@mm spol @m@siroge@@atf}demr\amm enppidistrent s,

the pOSItIh rocar ng( '1‘1“21&1&?6\’\@5[) r(():cﬁlce(Plentﬁ dlr QONENC nalsggglretrﬁé)n that Ieads
to the app oprlaevo ures RE*Séparat ed ar eas. di Vi wal |

col um havrgeparaou g ytcendtélpde Iaﬁﬁbth%hﬁﬁfbtur@@tﬁtaﬁbm fo@ﬂus ﬁypb of g@w&l@d di vi di ng
wall with a cross section that corresponds roughly to a dianeter of the

col unm. THEBARARRN, qUPY BRUEENYOL dPSnEod NN e wECTgiatsEPH BliRThilgecdgaal  vol umes.
Anot her —opf e84 Eftefr‘aléw@\&?ot afthds 9 omhéé stéﬂ r%re%ﬁée%?ﬁgﬁq he @ chord

connecting two polnt e Cl rcufiteren e round shape, thus | eading
to differ dryﬂrotmhtmms&ﬂ; sthpes abh csepdedtoahlc dﬂsmn@tagels vdthouhareropdinten woul d be
to have a dividing wall that creates concentric circular volunes for the
separ at ed B 81Yhs. Wiile it is believed that roughl y cyI i ndri cal shapes

may be pr d for nsgg I - 20
- above pﬁgggg nts%ff})etrrla?e {(Oﬁ%L arﬁ‘pﬁ a&%&“b equa 'y a%lﬁ?l e to cg%urms
havi ng ot hessedeonastaond remmmelsat 14@@&@]& kagone nitelyiiovdotvaxingetage. vl ng wal |
can have a height that is tall a h to allow for renoval , of two or nore

fractions SF?‘B‘rWS?FéorcF@ntCH’ém VP BFSsOVEPRI I AL BRLRE OFRYS neans
that at | %%nmw&didfﬁ%ﬁmageméudmng% Mxmgts&gwen&ogw&m Nalih@ncan be

removed froma séparated area. For exanple, a separated volune could be
used to prrogigeea tucbnaéswamfmm tadewi, bs yoll e advastageeusiyampravidg dsedoldt r eam
W t hdr awn romth d volune at a location bel ow the height of the
di vi di ng ‘IVYP“’ﬁF g@‘@% he dividing wall has a height that is

suffici entjopg7pl | O‘Gefn@fallﬁzeéﬁ%lﬁllc QwaxMy @h RS hpIAREd By SelédiRe each of the

separ at ed voI umes
hydrocrackmg or by isomerizing long chain molecules within a feed such as a diesel
boiling range feed. Dewaxing catalysts are suitably molecular sieves such as
crystalline aluminosilicates (zeolites) or silicoaluminophosphates (SAPOs). These
catalysts may also carry a metal hydrogenation component, preferably including a
Group VIII metal, especially a Group VIII noble metal. The amount of metal
hydrogenation component can be from about 0.1 wt% to about 2.0 wt%, based on the
weight of the dewaxing catalyst. In another preferred embodiment, the dewaxing
catalyst can include nickel as a Group VIII metal, preferably in combination with
tungsten, molybdenum, or a combination thereof. In such an embodiment, the amount
of nickel can be from about 1 wt% to about 5 wt%. In other typical embodiments, the
amount of nickel can be at least about 1 wt%, for example at least about 2 wt% or at
least about 2.5 wt%. Additionally or alternately, the amount of nickel can be about 5
wt% or less, for example about 4 wt% or less. The amount of Group VI metal
(tungsten, molybdenum, or combination of tungsten and molybdenum), when present,
can be from about 5 wt% to about 20 wt%. In other typical embodiments, the amount
of Group VI metal can be at least about 5 wt%, for example at least about 8 wt% or at



[ 0058] Additionally or alternately, the height of the dividing wall can be
sel ected based on controlling the anbunt of contam nati on between the

mul ti pl e woaductdsf2pacti ons produced by the colum. For exargsk@,1/083514

di vided wal |l colum that produces dies fractions, the separated vol unes
can be used to produce two diesel fractions of different quality, such as
one diesel fraction with a higher anount of sulfur and a second di esel

fraction that satisfigs re.stringent,specification. kn sych an exanpl e,
(1 “can be Habirapd w5 AdBOERE alRNbe BBy O BB denean t he
two di eselabbhicdit W or 1e§8 fbi dhainpElifdue XS HeNae lesk hBetakighicomditibhiecadi vi di ng
wall can be selected to |imt the anount "contani nation" between the

fract i ons.in¢lpdakubssaat resassaribyHEnged fogs Fgmesatredemm pbaprs 280 €yforgbeplent  hei ght
so that | o 9 - ' vol une
corr esponds t%%ﬁ%p gelr%%ueré%fo ?%drﬁogi %%dg}gsﬁ f@ngg}r'éM%gq %ﬂ%?é?(gﬁﬁgg%t%ﬁfe | ess
t han about5.5MRtay), fbiesantphafio@bduit 4D0wisih (abes 2.8 MPag plocibbuld70D psigfabout | ess

t han about 0.05 w % The unt of contamnation that is allo can be
dependent HHMTRe) g ar L TT (R %PBH%@@? tﬂoar%ék%%re,lq %nowﬁﬁgﬁgﬁﬂa%%n can

cause a prtﬁ@'@%&su&@f&r%é dé%htxﬁigd&ngftilo?xs ﬁ&i’lﬁ‘éﬂﬂ%ﬁhe H@ﬂﬂ@g%&gur% R&GhET cation or

ot her requirenent, the dividing wa el ght can be selected to limt
cont am nathiydrotteating owrdgigisr imgennothevghbatimbntatheltegsperatvanioabeutewdxihgwt % or

| th bout 0.0 % Alt t el if.t desi 1
cont an natRBoEs Habiar ste tobe Bereeuts i (8GR G a decr ease i n
purity, theolgy aht 1p{aldiR AiboiFhdds, Wl hoelnhcsibg R84 %}%ﬁﬁg;f%;c@vn%x% her

econoni ¢ consi der'atl ons. In an enbodi nent, si nul ations an d
conpound expepmpest, sowsath ekrentidboof or kel B & eZSV-4pprdPrmemberding ldDng wal |

hei ght. -21 - [0059 i ti onal or, al,tern .t.,he hej ght of the

Grviai ng wEPFewae iy Bk bull kR PSR Pl Skl ne Zone in
t he col unMiewaRingdrithatBy bPisdeieeizingrAslbG R Wwiyhia tkl Bbd.| TtitARilkakem, the
condensi ng zone or stage for the Eroduct can represent an upper limt for

t he expectabgmmairghs fof the ZSM8fcar by abut 269: 1o desgi foeexaprmdeiakaut 2% of he

(pect : irom . ot h
G vi i ng a1 PRERE g AP R0 AR S SO e 2% el

fracti on woulpdsingl wixtipe eingdr. t Suilabld Hindetanheladé, ®nt 410 nabbnited toMsMcar | ess,
for exanple about 0.5 W% or |ess, about 0.1 w%or_|ess, or about 0.05 wt%
or less. [DOBORAAS MY Ylagia, Ar¢ain apdmyxtuges hasenlyithgmsuitphle Binde®i ng wal |

b | eqit ' ' f eat f the divided |
col umn.  For TeRaRpl SRR AR SRSl Vi cing wal 1 can be Sel ected-

e, eight o e dividing wall can be selected to
cor r espond0049pboutln hinembedigleht, et smeamt bhecd@ut detivefedtitbehecaitdlymic and t he
hei ght of the flash zone. I n_another enbodi nent, the height of the dividing
wal | can <SMREUBSHES A bebassd og e emsyRRlpe i hydragse i tis sbreet Ahg&edtn t he

col um. [QQEL} ﬂ)rﬁe&evv%aglg@gifget%ﬁggﬂg boul% R& ek j[agglflt ﬁffkl%PanYéSQh@g wal |

can be at 1east about 15% i ght of the divided wall columm, for
exanpl e atanteasof laloegen2686umnedgier beadtof ditgsiufeed @8she Attt iAotypichlcatalytic

alternately, the height of the dividi Ll can ut. 70% or. | ess of
e hor ght e g sl S oSt S0 peobL et ST AR LOaBf 2085e. about
50% or | esgbRR@sBut 49 KR VmP )Qﬁ%ydﬂ{ge&%id&nd%%)/ BPVarl 8 Factdrd iihRBhSHHR
nmeasurenents, the height of thé divided wall colum can be about 25 neters

or |ess, fratureghihplfecdlivong d3Bixpet Ehws, dre traas gas ratsean bsdronpateus 1¢} | ess,
about 75 rgfs:I°/§t§ls(a‘t(>)orut ll’ﬁ\?ﬂf /R ) tgggc%t 3%88 scg%[b? EB%OIOI{ 5 foeﬁ%3/m3 ). In one preferred

embodiment, the treat gas rate can be from about two times to about five times, for
example from about four times to about five times, the amount of hydrogen consumed.
Note that the above treat gas rates refer to the rate of hydrogen flow. If hydrogen is
delivered as part of a gas stream having less than 100% hydrogen, the treat gas rate for

the overall gas stream can be proportionally higher.



[ 0062] The dianeter of a divided wall colum can be selected so that the
cross- sectional areas of the separate volunes roughly correspond to the
cross- secwpandl13382¢as of the individual fractionation ceCumsgoiioaisiare
bei ng replaced. In an enbodi nent, the iéoss-sectional areas of the separate
vol umes can be within about 10% (or |esS) of the cross-sectional areas of
the individual fractionation colums being replaced, for exanple within

about 5% ( SS) 0063],l.n an enbodiment, the interior of t di vi ded
vart ool urOSOES TR it SR T 6 B st PG VBB exanpl .
a series QhethlsaGfoupaNTPacthRCAlEixtired therdditVirdatenBdimea! hemyliRfiaghingt W th
fractionation. Sone of the trays can be |located in the common volunme. O her

trays can dstalysbeant waluidnat lnest sapanetnl eulide hasg a Yeng Ivlyogenation funpéenat i ons
and/ or spagi. g kN bRE SERAASANOIIIRS, SARDE. 838 TRAN, ShfieEgNt 10 each
Pt ive’to trays, aﬁ& o] ype of 1 nte S

vol ume. As an alterna er o I nt'er nal ructure

typi cal | y rh@uineudhrs®t bfidet PONADIKnEEDI Metalssagy alseibhip@sert and@inmagki ngs,
structured Packin s, .grids, liquid distributors,ovapor distributors, liquid
col | ect or satalyip Ve Beparosnt grpctplan belbout v pbetsaler dascdMer eof . The

di vi ded o | #Hﬂﬁ [ ' . parts, such
as a f|a2ﬁ5§%ﬁ€5% 5 gﬂﬁ%kﬁﬁgggg I gﬁ%gﬁﬁéﬁﬁﬁQﬁ?Fmg?gﬁ@?gﬁ@aﬁgF| col um
can be enpixédesdud¢hasplilamealomind)eilisephmahoy; aadior titheiaf Tae proderatdor . One exanpl e
of a suitable reaction system can.include two reactors and a djvi ded wall
col um. |?yglzféfwl%ge%zﬁvtﬁéﬁeyo%twe@é%%tw@waeaﬂmsesep%tégaéhmiwsta PSSt
reactor. Pgﬁﬁ@&§§ﬁ0ﬂ§%§&6’mﬁﬁ%hﬁﬂ&ﬁ&ﬁ&l@ﬁ&nﬁémﬁ%?ﬁ.ﬁ%ﬁﬂﬁﬁaﬁﬁén

hydr ot reat ment, “ hydrocracki ng, or another type _conversi oh process.
[ 0065] The refttiiale pan fclude amerpfhions or erpsieliioe oxdn ntdtamldbmichas slething sdicdi vi ded

wal | colum., The effl ue can enter .the divided |, colu ina first
separ at ed YURE-TrrEt g by SERoREMCTY i bR P F AR S e ot

ef fl uent iHMdpeAatRRl bOMEaRRuldr PioriANRInN ETheRRhInoBI: thélat cdn@AY 8Ftht ketafisvi ded
wal | colum fromthe separated volune, and a lighter portion that enters a

common vologmetiembe Avhighwh deant REAM e dnamembodingnt.enitseléiies hy dighiaisbinghe
bot t oms p%Eagygs't‘ o 0151{%@@%'8 %Faiu?neam&gﬁﬁ abtg[%}g%n%ﬁb e 214 QFafss‘e’ egt‘dté:ﬂy%?fs | 3: 11

range, suc a bo i'on sui use as" a
catal yti c catabakd, Rdidhr€ @RSoporh\e ragleliidls bndhg pddtivieBrhighsilich eanes. t he di vi ded
wall colum fromthe separated vol une can be a diesel fraction. Mre

gener al | y, Exapwlessan incuiss ME & tH MCGMAS, andMEM PR e Adprgfeged mgamber e6tism fr om

t he separahgd;Vv B can be any distinct cut that has a | ower boiling point
than the bottons but a higher boiling point than a portion that enters the

comon vol[0681] Thuslydidfenigdel ¢onditidns pax tnichide @acthperajutefra@tabyel )25b€ t@ di esel
cut, an arctic diesel cut, a kerosene cut, a heavy naphtha cut, a light gas

oi | cut, GPOMHEFKior cxmpRipdiontrkant { HECHarbpe Z80°¢ relokd prestrse from
about 300 psig (about 2.1 MPag) to about 800 psig (about 5.5 MPag), for example from

about 400 psig (about 2.8 MPag) to about 700 psig (about 4.8 MPag), and an LHSV
from about 0.1 hr™ to about 5 hr”', for example from about 0.5 hr' to about 1.5 hr'',
The treat gas rate can be selected in accordance with the procedure described above for
a hydrotreatment stage.

[0052] At least the liquid effluent from the second reactor can then be passed into
a fractionator. The fractionator can allow for fractionation of the effluent to form at
least a diesel fraction with beneficial cold flow properties, such as a winter or arctic
diesel. Such a diesel fraction can have a cloud point of about -15°C or less, for

example about -20°C or less, about -30°C or less, or about -40°C or less.



[ 0066] At | east a portion of the bottons fromthe first (separated) vol une
of the divided wall colum can then be passed to a second reactor.

Opt i onal Iwp 2at1/138%29t a portion of any additional cuts tRar/us011/083504n t he
first volune can al so be passed to the,gecond reactor. The second reactor
can include one or nore stages for pe'rl1 rmng hydrotreatnent,

hydr ocracki ng, catalytic isonerization or dewaxing, hydrofinishing, or

anot her desir f hydroprocessing. Preferably, the second reactor can
i ncl ude ore~ eﬂ 18? _ ;}'-aﬁ% n§rng stages, optionally foll owed by one
or nore -[8853] hydne{imdiskhidshases-divil&l weet endmheas beknpiiycddyant ageously
further reduce the sulfur content while inproving the cold flow properties
of the redtdctipmiiogiteser Thestivided Wl oePpmivansphtainesidcabt bractshparsiecond r eact or
can then bv%l@rﬁéf %S’neg‘;ﬁtﬁ‘e \%qﬁt%ggiss ed%%%ﬁéf%lﬁ&% 1{Far ett%§ of g cﬁfiﬂeéﬁ’a'ap col umn
for fractionation. e second Vol Unme can fractionate the effluent ‘fromthe
second r eagli@in.i ThdreatailiR®@sdlumed ot the dB/id@rWalDEbludn @¢gredenpP@ltuingd t hat exits
fromthe second volune, and a portion that enters the conmpn volune. In an
enbodi mentsePaRicd st pashothsr by paivilgaradld Brervagient wlimas arglldn lue comon

vol ume Ca’boﬁﬁn&ﬂi@a‘%ﬁoh%‘%?@oh&oﬁ WllimE HIRE G Pﬂe%%%h?fra&iéﬁ@ﬁﬁ a kerosene
cut, one or nore types of naphtha cuts, or flght ends. Pre erébly, t he

bot t ons cunffanehtigrhigldbloiting paint gautd wn texéltiprige tolonntthe ssfwomd heightune ar e

not recycl ed tg the fi rsbj@{eact or or second reactor. These cuts may undergo
further pr§ ? AYMRBXEVEIS: Addi ti onal / Al t er nat e Enbodi ment s

[ 0068] Addi (i Iy \q({ . aon - incl Jude t he
Fol lowi ng lCumer monf < b S e R e o

sul fur di dtavingatne cpmadhnctodyme and two separated volumes. However, a divided wall

column could also have three or more separated volumes, along with the one common
volume.

[0055] The volumes can be arranged in any configuration that is 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 area and one common area above could have each of the separated arecas
occupy approximately 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. Alternately, each of the separated
areas can have different volumes.

[0056] In various embodiments, the position of the dividing wall can be any
convenient position that leads to the appropriate volumes for the separated areas. For a
divided wall column having a roughly cylindrical shape, one option is to have a
dividing wall with a cross section that corresponds roughly to a diameter of the column.
This would produce two separated areas with roughly equal volumes. Another option
is to have a dividing wall that corresponds to a chord connecting two points on the
circumference of the round shape, thus leading to different volumes for each separated
area. Still another option would be to have a dividing wall that creates concentric
circular volumes for the separated portions. While it is believed that roughly

cylindrical shapes may be preferred for the external shell of divided wall columns, the



conprising: hydrotreating a feedstock having a sulfur content of at |east
about 1500 wppm under effective hydrotreating conditions to produce at

| east a IwQubd/Mfss2eti on; separating the |iquid fracti onPCrarse@19as1phase
fraction, the separated liquid fractiog having a sul fur content of at |east
about 100 wppm hydroprocessing at |ea Q'a portion of the separated |iquid
fraction under effective dewaxing conditions in the presence of a catal yst
including at least one.Goup, VIl netal on bound. zeol it t he bound

ool 1 te oot SRR RS iEab i Matliih B cAnBepBHRR SR Sha ioshe:

fracti onatdeogetriteshbysdr opr ocessed liquid fraction to produce at least a
product fraction, the product fraction having a sul fur content of about 15

wppm or | 49957k ni dr egembednicehtheotividiwuvalbeandme emheighsthat wrdl encgigbud poi nt
of about -1 or. | ess. [0Q070] E Lment 2. A ne for . producing.{.ow
oul fur i PR SFE A ST RS Il foaf BETUIRT R RLERBL TR g &
sul fur conhessludh. dhid eask tabatlcast 200 fwpidmsuRdelo et e tvithehdyehidbi eat i ng
conditions; fractionating the hydrotreated feedstock in a first volume of a
di vi ded waiolureeramke TPQ¥ed BRRtdoicPrgtedniriuder skamplgst schatafeduiodme edtld on and
a first cqoum i i I M vol unme of the
fractionator,Q%E&ﬁﬁ&%ﬁﬂﬁm?gg%??gﬁgﬁzﬁﬁﬁggggggﬁgﬁ?ﬁ%gﬁg%%ﬁqgggnlabout 200
wppm to -wiBddrawm ot ths 8€panpgdryolhmd mop icmaessbaigw diic haeglgtof shepdividingn of t he

liquid fractjon under effective dewaxjng conditions in the presence of a
cat al yst i%|-ﬁﬁﬁgad§i¥,_thee@§t iRhwak ML‘VglFtlt Helt %Hfgelﬁmaw&ilaw OLEBIAEEOL t he
bound zeol & GRAPFSHAY nPBRIDMRNEhAARY vifiimdtenber ring zeolite; and
fractionating the hydroprocessed liquid fraction in a second vol une of the

di vi ded wdOD58! umidditamiaily naslonndtayptho duight aff the dasdingawall @dubt sdleaed i on and
a second ﬁ%gnnn fraction that is passed to hhe ug er %nd%yid d vol unme of
the fracti¥ngt It contioling thefrmpunt,of contamingion Bl myltpls et of  about 15
wopm or | @8R1ioRs Folli QA (RORSIERL. Phr 8DAMIe, 3n WRRMIQT whlsSumAikhia cl oud poi nt
of about -15C or less. [0071] Enbodi ment 3. The net hod of enbodi nent 2,

wher ei n t eodusies)icsad firachensdihgisgpangtedaplunics caebeeted do produbratwa diesesecond

product fract.ion ai ns out .1 wt%.or |ess of .material corre ding to
Phe tir st Bebatre PRulhlGuiB stemsdns ationiRtat il febdf on™Sh! SPMERe "o
the previ qig saebad dBR! Factiehfishtidiee a swdré Wiingomtspedifi@ftionhen sepanat ed
liquid fraction is about 500 m?pn1or | ess, and wherein the at |east one

O

Group VI | [exaple itgan bp desyishledo Xt the amevnindicselyange thah geqrs gween the

[0073] Enbo[qjorgf&%l éacti-gﬂg ’f'@h&?t%u%ﬂ e?&BBQ&, 'ﬁ?erﬁeigﬂht om%rcﬁiiﬂir{[ghrgalga%l’b% VITI

selected to limit the amount “contamination” between the fractions. In an embodiment,

the dividing wall can have a sufficient height so that less than about 10 wt% of the
product from a first separated volume corresponds to substances from a second
separated volume, for example less than about 5 wt%, less than about 1 wt%, less than
about 0.1 wt%, or less than about 0.05 wt%. The amount of contamination that is
allowed can be dependent on the nature of the product. For example, if contamination
can cause a product to fall outside of a government mandated specification or other
requirement, the dividing wall height can be selected to limit contamination to a more
stringent level such as less than about 0.1 wt% or less than about 0.05 wt%.
Alternately, if the desire to reduce contamination is due merely to decrease in product
value with a decrease in purity, the height of the dividing wall could be balanced versus
other economic considerations. In an embodiment, simulations and/or model

compound experiments can be used to determine an appropriate dividing wall height.



metal is Pt, and the anount of G oup VIII netal on the bound zeolite is
fromabout 0.1 wt%to about 1.5 wt% [0074] Enbodi nrent 6. A nethod for
produci ngwbaeaigisbs2ar distill ate products, conprising: hpdTatSe@ans3sgs a
feedst ock having a sulfur content of at.least about 1500 wppm under
effective hydrotreating conditions to'%}éduce at least a liquid fraction;
hydroprocessing at |east a portion of the liquid fraction, the at |least a

portion of i qui fra on having,a,su nt o bout
Dot o0 SRS, LA LN oL S o GRLERL o) 2l eastpbout
i ncl udi ng Kked &ﬁﬁﬂe 18938056 P4 BordehdingBé! in @t @1RanNdozegved frodhére bound
zeolite conprising a one-dinensional 10-nenber ring zeolite, the at |east

one G oup pypducedby aldlsélélﬁmli e¢lpginNhe camdenfing epnaeratdgedor the pmﬁhilpb@mc essed

1 AR LBl SO BT LD s SR

cont ent OfFoablmﬁxaﬁlpWr@\l’enhﬁgSont@rﬂdlaﬁo@b@t%erpdieﬁﬁl fﬁi:n@tspwlecnhg@ or |ess.
[ 0075] Enbodi nent 7. A nethod according to enbodi nrent 6, wherein the
dewaxi ng chridingsyalf laﬁigiﬁéprrewémgé% the capdnsing|zopefalla digssbirastionyvanld et al

being W W, exg%% ﬁﬂﬂﬂft E@&th@ﬂmh@ﬂoeﬁ{?ut 1 Wi or‘lle;sO%ZQ as'%ﬁﬁ@%&%t \%t‘VfA met hod

according to erein the anount rom about w % to
about 5 vvtdquesam:bouh@lazsrrmmlesst otGboup0 . witalleiss from about 5 w % to about
20 Wt % BH Enbodi ment 9. A nethod according to any one of enbodi nents

6-8, wher d0H0Phe atAqdéaglﬁH&Obéﬁm%ﬁlwﬁleﬁlﬁ@ht@ ?éwﬂla%waaﬁam be sdectedied from
the hydr otif eahififotdhe LR oY FRBREQHRRS bV W AN urh Dt 5 BRI BIL (1R GRAKRL | ON.

of the dividing wall can be selected to correspond to about the height between the
bottom of the column and the height of the flash zone. In another embodiment, the
height of the dividing wall can correspond to the height of the bottom section of trays in
the column.

[0061] In yet another embodiment, 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%. Additionally or alternately, the height of the dividing wall can be
about 70% 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 absolute
measurements, the height of the divided wall column can be about 25 meters or less, for
example about 35 meters or less, about 50 meters or less, about 75 meters or less, or
about 100 meters or less.

[0062] The diameter of a divided wall column can be selected so that the cross-
sectional areas of the separate volumes roughly correspond to the cross-sectional areas
of the individual fractionation columns that are being replaced. In an embodiment, the
cross-sectional areas of the separate volumes can be within about 10% (or less) of the
cross-sectional areas of the individual fractionation columns being replaced, for
example within about 5% (or less).

[0063] In an embodiment, the interior of the divided wall column can include
typical components of a fractionator. For example, a series of trays can be located in
the divided wall column to assist with fractionation. Some of the trays can be located

in the common volume. Other trays can be located in the separate volumes. The tray



[ 0078] Enbodi nent 10. The nethod of any one of the previous enbodi nents,
wherein the effective hydrotreating conditions conprise a pressure from
about 300wp=by/i3at20ut 2.1 MPag) to about 800 psig (abouPCHUS20PAGIS14 a
tenperature from about 500F (about 260 to about 800F (about 427C), and a
space velocity fromabout 0.3 hr-1 to about 5.0 hr-1. [0079] Enbodi nent 11.
The nmet hod of any one of the previous enbodi nents, wherein the effective
hydrotreaHin iCOQQkHjOQ%ni?CﬁPde a Lreat gas aﬁg ggat IR ¥i es_ap anmount
of hydr ogeR“FPOh abOuP e e 't IMrasPY &° ABSH™ V8% 1188 Phe' W/dF 8§&H consuned
during t heonyks oAk eablitdiGativcQ0 QY EakpdieERpe bRintdhe stmthedypicagpyouade of the
previ ous enbodi nents, wherein the effective dewaxi ng conditions include a

t enper at urld afffasHonaierran dggeed: sudirsurndsmprackingsy ggstived packipgaBids, 300 psi g
bout 2. % nsig m.about 0.5
(abou jhcﬁf@%%tafbﬁ%o?g?H}gonrgﬁsgrlﬁlggtgbg@.ﬁﬁ) Wbl ots Mg.ﬁgl) %oél%%t}pl‘s% ful @ik abou

hr-1 to abo treat gas'ra from about two
times to abdubmbidatieenthticot sThdd viydmhadeolwansmmid deluda gthehgpitelvaxi ng.
[ 0081] Enbodi ment 13. The ”Etgﬁthf any one of the previous enbodi nents,
further cOmMSHPRHAPAFATUSHEHRSRFhEPEIE 28 WBxed | i quid fraction under

effective 4%6'11 ti ”ﬁﬁQﬁ?@bS&kﬁQh{,i %ﬁd?& e 619@%%&%@:%@%?@9 i} PecAeaxed
liquid fraction, the erfective ﬁydro |n|sﬁ|ng condrtions 1ncludling a
t enper at ursepdraemuabhutrat 8QGtdro GrisanbmpBRO(T,a saithlde adacporessumecdrinphudbout 300

pST9 (about 2.1, WPag, 0, Fhout 0,510, MEaglp,th LESY Lrmabout 0.1

E OE?(R (I\J/II;}_ Ef V& dlihTRS AR rARaTCRASHEH ifUhdd Whl diendty Ha@ld fak Shing. - 26
hydrotreatment, hydrocracking, or another type of conversion process.
[0065] 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,
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 additional portion that leaves the divided wall column from the
separated volume can be a diesel fraction. More generally, the additional portion that
leaves the divided wall column from the separated volume can be any distinct cut that
has a lower boiling point than the bottoms but a higher boiling point than a portion that
enters the common volume. Thus, the additional portion could alternatively be a diesel
cut, an arctic diesel cut, a kerosene cut, a heavy naphtha cut, a light gas oil cut, or the
like, depending on the nature of the bottoms.
[0066] At least a portion of the bottoms from the first (separated) volume of the
divided wall column can then be passed to a second reactor. Optionally, at least a
portion of any additional cuts that exit from the first volume can also be passed to the
second reactor. The second reactor can include one or more stages for performing
hydrotreatment, hydrocracking, catalytic isomerization or dewaxing, hydrofinishing, or
another desired type of hydroprocessing. Preferably, the second reactor can include

one or more catalytic dewaxing stages, optionally followed by one or more



Exanple 1 - Configuration for production of varying cold flow properties
[0082] I n an enbodi nent, a divided wall colum can be used as a fractionator
in a two weaetiar3seacti on system for produci ng nmul ti pl ePgrades10835d4 esel as
well as multiple grades of bottons proﬂgcts. FIG 1 schematically shows an
exanpl e of this type of system Note tfiat the functions of the divided wall
colum shown in FIG 1 could alternatively be performed by having a

separat or/ t ed to g

e T AR PORE e ThE ek oG F By h PSR B8 AR Bufk S 2ire

to the nexdonteat@hids improvisgehd soldabiv oﬁé’ﬂﬁesﬂﬁ”&ﬁie feQuiltiae RPAMASdRN St age
bet ween reactors. [0083]1n the enbodi nrent shown in FIG 1, reactor 110

i ncl udes df@6dF norldest! sfrf)mrth%wp@d reagiorresit them bepassedito agsepwhal |y,

react or n.al in e ar e CKi

nyarof | i ShPAGReSall MBS fe IR B GEEEL T RAEhElatume an

hydr ot r eatfeRfibngt &@eﬁﬂdellz fidfdthd 3dcontiPyR R finto AN aQtalt@itofR PR INS Alother

conbi nati on of stages can be included in reactor 110. Note that FIG 1
shows a r @9ty thaugxits fonudiesecandivolume a8d agesion|that sASIHES CONBOEi nent |
multipler r el C 8GhRL W th
mul tiple s\t%glg%‘g ﬁ[dgrbélic dkﬁgltha?g?%??%%ﬁ%dﬁp o%{ttgc{:gﬂ%nts t%:t:l&%glgthlég exposed to
a hydr ot ra&ﬂummtamtﬁfhdmhatmhdﬂm ord bremdic\peoduedy; @llcrheﬁtarmrdsem@mm dgriecams. The

catal yst in a hydr tr t ment e can_b co nt i onal eating

catal yst, @Wéﬁyéé g G OEL‘&% Bli’e? %Gﬁﬁg%t%nﬁ%‘ftélpgg @95‘&‘?101? l'G oup
VI netal o%@eﬁylpgt)ﬁaﬁl thégecbe@bauﬂ%ta?é FotGaclAGh WlEr ARl orlbehel

nol ybdenum t ungst en, nmbi nations thereof. In one preferred embodi ment ,
t he conbi rmaadignslhefe <n:é$ mlas undmgcv hothgdprootsskoel heweveno| ybdenum (N Mb) or

ni ckel , cobalt, and nol ybdenum (N CoMb). Suitable supports can include, but
are not |ifadigshalAlteiakd ERbodihleh&a- al um na, alum na, titania, and

conbi nati ons thereof. [0085]The effluent 125 fromreactor 110 can then be
passed to [6068} st Vialditromall @ 2r alferditely dibd pveabiht icodntion caiBiiclutib ¢heefoflbwergt 125
can be fractﬂ d into at least a lighter portion that can travel up into
comon portid) IE S:and a cut that can eventual |y becone a diesel fuel after
the catal yoeoplevariindshafal S netho 16 HEAATA: [RAGHRE distlIfc GREAGITENt shown
in FIG 1 shows at |east three cuts being produced. In the first vol une
132, a botwompsismgt hyd@tanicthga Fedgedk lmnnglmlﬁlanomgnmf@dl@@@dboml 1ghé er

portions of effl n 25 .can tr in the divi m to enter
conmon porY E%e%feg’uve hy%lrotrea ng conléi?nons to produce atqeast qu1d%rac on;

separatmg the liquid fraction from a gas phase fraction, the separated liquid fraction

having a sulfur content of at least about 100 wppm; hydroprocessing at least a portion
of the separated liquid fraction under effective dewaxing conditions in the presence of a
catalyst including at least one Group VIII metal on a bound zeolite, the bound zeolite
comprising a one-dimensional 10-member ring zeolite; and fractionating the
hydroprocessed liquid fraction to produce at least a product fraction, the product
fraction having a sulfur content of about 15 wppm or less, a nitrogen content of about 5
wppm or less, and a cloud point of about -15°C or less.

[0070] Embodiment 2. A method for producing low sulfur distillate products,
comprising: hydrotreating a feedstock having a sulfur content of at least about 1500
wppm under effective hydrotreating conditions; fractionating the hydrotreated
feedstock in a first volume of a divided wall column fractionator to produce at least a
liquid fraction and a first common fraction that is passed to an upper undivided volume

of the fractionator, the liquid fraction having a sulfur content from about 200 wppm to



-27 - In the enbodi nent shown in FIG 1, common portion 136 can al so
separate out one or nore additional cuts, such as kerosene cut 143 and/or a
napht ha owo 2011%33§20086] At | east a portion of bottons cuPCIAR2@n®83514 di esel
cut 144 can then be passed to a second,reactor 150. In the enbodi nent shown
in FIG 1, second reactor 150 can incTa € a catal ytic dewaxi ng stage 152
and a hydrofinishing stage 154. Alternately, second reactor 150 can include

one or tic dewax ages and/ or dr shing st ages.

pref or abl y POl B P E LA ET 4 AR PRaERG X PP B O Gt ng
st ages optdfReoavd JewRidguupditdys onde ‘pfeséﬁlfe%fla)édfagfst iic Ridinpoht $da80&%-Glo@p87] I n a
catal ytic dewaxing stage, such as stage 152, a feed can be exposed to a

catal yti c \délwgiahgn @a@@@@pht@naﬁrbozéa@ é‘l’%htt‘? éora@\wa% henCeRAntiopHsl)- Gener al |y,
catal ytic 19@‘1“?;%9”% 2%81% %Réti@{}ﬁghi?a’m &d Mﬁumﬁ% @1’ AY e&%qu by

i soneri zing hal hD In"a suc as a diesel boiling
range feed@hﬁemammngnc@iBWMStdummmﬁmhamu@uo@ﬁhmyemﬁﬂmﬁa@ethoﬁan@h
essentially of, be nol ecu| ar, si.eves such as cry Ilne al nosilicates
(zeol i t es)dng@ SerqORIRA %w&é%é%%sidéﬂrﬁg%yppew% ¥ éwahuygetfﬁ%y al so

carry a ”ﬁ?a%'ﬂoﬂ&f@rr 9&‘:&6&&& RraGQSIPRREY 2 subfPE&TERIoY aﬁ&ﬁtlé'%ﬂﬁgoﬂ@% qr nore

Goup VIl netals. one preferred enbodi nent, the netal hydrogénation
conponent mta«:gemcmptemsef adootBri)wppMIdrlleSmm:ﬂdaQimtchﬂ)qmtmfcalboms-lﬁftC angfor Pd. In

th d h d t al yst
& oup v | 1IOREELT FrRSRbTHAC: ey ROk arodaon s e BB LR RS ch as W
and/ or M. ddﬁﬁé%lzallﬂs‘é@l%bt@&@o ﬁﬁpﬁl@'s%ﬂh%yro&d&?frﬁ&lo%%hﬁins%‘b@ﬁﬁel WeRQ,f 0;3

catal ytic dewaxing can conprise, consist essentially of, or be ZSM
ZSM 48 i s lassxﬁnmtﬁépomsmgncmng)tqmwwlpmdust BadionW t hout bei ng bound by

t heory, el.ieved to perfo dewaxi n mar.i | l.soneri zi ng
ol ecul e WDTA n' REntedben o e artldd S e e may bt d B tne zou 48
can be abq&'ﬁer&ﬁ@he]s%r k@tﬁ@nt ot e s%ﬁﬁﬁféh%qﬁﬁpﬁ’éctl%{%@s dboRl S(b(f-'@lgpm%?és@r ably
| ess than about 110:1. To forma catalyst, the ZSM 48 can be conposited

with a bi rmiérwhe&m thetsit deab mﬁmupé/dlllm@am,he botndggeeliteatoniprises Ricintder
silica, aIIy silica-alumna, titania, zirconia, and m xtures thereof.
Q her suit Ie blnders will be apparent to those of skill in the art.

[0089] I n t{pe78bodiEmyydiidiRWn THR didtfed df cribtRliReHtRUyhEfRMKe @raly Vi dewaxi ng

stage 152 can then be passed to opti onal hydroflnlshlng st age 154.

Hydr of i ni sh¢tnlgs é’ataaﬂylﬁagn@mmf aodupdéllbrctal g ths bound a¢dlithy (@eapowWlB net al s,
G oup VIII IS t? g/nxtures thereof. In an enbodi nent, the

hydr of i ni sHi Pl cé)Pa y&¥%an include at | east

[0074] Embodiment 6. A method for producing low sulfur distillate products,
comprising: hydrotreating a feedstock having a sulfur content of at least about 1500
wppm under effective hydrotreating conditions to produce at least a liquid fraction;
hydroprocessing at least a portion of the liquid fraction, the at least a portion of the
liquid fraction having a sulfur content of at least about 100 wppm, under effective
dewaxing conditions in the presence of a catalyst including at least one Group VIII
metal on a bound zeolite, the bound zeolite comprising a one-dimensional 10-member
ring zeolite, the at least one Group VIII metal comprising Ni; and fractionating the
hydroprocessed liquid fraction to produce at least a product fraction, the product
fraction having a sulfur content of about 15 wppm or less, a nitrogen content of about 5
wppm or less, and a cloud point of about -15°C or less.

[0075] Embodiment 7. A method according to embodiment 6, wherein the
dewaxing catalyst further comprises a Group VI metal, the Group VI metal being W,

Mo, or a combination thereof.



- 28 - one netal sulfide having a strong hydrogenation function. In another
enbodi nent, the hydrofinishing catalyst can include a G oup VIII noble
metal , swwb2061/Bs82and/ or Pd. A m xture of netals may al OThS2@ne33mt as

bul k netal catal ysts, wherein the armugg of netal can be about 30 wt % or
greater, based on catal yst weight. Suitable refractory (metal oxide)
supports can include | ow acidic oxides such as silica, alumna,

silicaal um . an r titania. The preferred hydr.ofinishin at al ysts for
o ot o S8PAh o ettt At e RS enn el vty
strong hydmn@aenst NPR foanshdu@n vam @ dBelOU tBURROEE ambYRl Frosp WP aldtal

mat eri al s can include anorphous or crystalline oxide nmaterials such as
al umi na, 9 fogeaboahd wetoltp ehowtl20ta. The support materials may al so be

nodi fi ed, as hal o atjon r in,particular fluorinati . The
o non o MHFE 25 BB Blinefloct BR'S pioof Sl B 8 ¥ pons 20
W% | n anyiesiadhd®ndast 2pertioh F frRdiduudifraftioniis bisbitcadatonh iethydirehited de a

crystalline material belonging to the M4 is class or famly of catalysts,
whi ch ar e thebupopoaessigtvathiont mivragity sepratioivel y high silica content.

Exanpl es Lbincl u 41, 48, and. MCM 50. . A preferred menber of this
Crael v NBZARC' | oubrihdtant T e RRaEh Ro e AR R LR BFRS G oo
then be pagiseéntif Sf@ECORMrdREdNR cdditihs ddngprite vipi&dureatdm 68300 F&@. The
divided wall colum 130 can fractionate the effluent 165 into at | east a

bot t ons f r(akautdn NP2g) tanbaptcil0dpsig (ebait 5ty Mdapba tamperatyredromn ghew 5088 t i ons
whi ch can TR 6, T Cli 1 can

i ncl ude de(\%lv]é(%\e{gkgla &{)J%D(gugs Oi I&géﬁiﬁggl ’%%d gggagg%@gﬁ}éﬁ%ﬁ’h%r(ﬁg?%ggss, such
as a feed tbaboyrsauct i on of | ubricant base stocks. The arctic diesel
fraction 174 _can advant ageously be suitable for use as a diesel fuel in

rel ativel 0P t enfFarbedimentdyiThe mirthrdsol agy oae peths Rreviqussartodsnatsf arctic
di esel fr i 7 i f . di ct i 134.
[0001] 1 1 e BB LR0e RorBl SRR oM BN ARERUORS B i P ot RELL S 1
product camduat offiydonginl fionpabeluced tibys eaghous Epatiake thedlydngentcomsudiedi ded
wal I colum.. For exanple, in the enbodi nrent shown in FIG 1, each separate
vol une of BIGRRURErdE3fngol um can produce a diesel fuel. The difference
bet ween a ion r i @Ip(iadr . arate
vol une car‘ﬁ)ggﬂfyase(J?%E)gr?d%H‘lb|fl?'eﬁzltﬁtn%e su ‘%fﬁ%\éﬁ!fgﬂ?le?’g%@ﬁ?%%?’ggﬁéﬁg a

di f f er ent wihdr¢iogiencftaent e déwaxanglcddd@icmntindhade d temppaturt from abioat 28d°attbon
profile, or another feature such as a co flo roperty of the action.
Wth regarfioto’®o & PO IBFaPerelo Ry bt RGBT @%&L%‘t‘te

vol une Carb'.ﬂl\/ﬁfagﬁ, ah TAR R from Adut 05 8dul 502 FRGONArSRAM AL SistALUTE
based on a cloud point, a pour point, or another cold’flow property. It is
not ed, howd\fem abduatwortimes gl abogt Atlem tohegphe udrogdocamsumbdideringthbe pr oduced
by any of {he separate volunes. Each separate vol une can be configured to
produce vaf'8i¥'8desired cuts, which can be as few as having one heavy or
bottoms cyposPd a RAFHddRAedtNal The ARk diRinl e OF Me Gl iRl dmtalHes t 0 the
common volune. [0092] I n an enbodi ment, the cloud point of fraction froma
second separth¢reovpiigmg hydrofiveshatg the devaxald diguidEadtios sindéraicetres ¢l oud poi nt
of a fractign froma first separate .volu for e l.e at. | east about 10C
Cese, at Iyt ccpbths BEBAGH R iR 0 s B e ionyTRY o o2 about
25C | ess. odiivd wabfinisiahg abddefidhatiedliding B eerPsddituiROkdth aBdutf188@t toddbolut oM a
second separate volune can be at |east about 5C | ess than the pour point of

a fracti or2®0rem tgtal prossure djoay st I prme(abput 2. & Mtas) éo dhout BYLpsiabodt 10C

s, at Iigasl) APPHSVIRG hESH0. Phe ! §ABbuAMRML oD 58 Rlar Bl bR abOUL

from about two times to about five times the hydrogen consumed during the

hydrofinishing.



[0093]If the diesel fractions differ due to differences in sulfur and/or
nitrogen content, a diesel fraction froma first separate vol une can have a
sul fur amiOap1Mi3Bs20gen content greater than the sul fur &od/useomniosisegen
content of a diesel fraction froma sezgnd separate vol une. For instance,
the sulfur content of a diesel fraction " froma first separate volune can be
at | east about 15 wppm for exanple at |east about 25 wppm at |east about
50 wppm %@ﬁ_ﬁiﬁfﬁbom 100 wppm or at |east about 250 wppm Additionally
or altern ) sul fur content of the diesel fraction froma first
separ at e Viadipe €arCoalfigOrabien &yqitbdifon WPPA Rk bRBBew hEipefticanpl € about 200
wppm or | ess, about 100 wppm or |ess, or about 50 wppmor less. In this
embodi ment[0082k sullh an cobedimsnt, efdividel welérolpmacen ba usadon adrassionatar Wepar at e
vol une can, be r for ex m or | ess,
about 15 wptﬁvr%r%erwq erseg(glom%gsr{]?l%f rﬁ%ﬁum%g mluﬁ qgg%lrﬁes (%O&%seggm%m%?n or |ess.

[ 0094] W t hnuileigRrddtaded od bsﬂtmhd plodedts. PFITS i1l Rherhitecall ¢ padvd & ssahipleest thiz a
di vided wall colum can be conflé(gured to produce di esel boiling range cuts

with a T5 e ofi systcpoi Mete rat ghe fupgions ghthgrdigdabwalipelymmspowy in FBs. lexanpl e at

| east abo t ﬁ%g east

about 450%08@%:?{& gigggbe]pégf@mecfﬁga oge?ﬁ%&)%ﬁagl[:gout %gb%geaqﬁgeﬂ?ﬂonal |y
or alter nahefaﬁptotMOMSH bowG] 1.np godianbtheaopta, thieeutircB3O0Fert dtoout reh2(6€) or

| ess, for exanpl e about 700F (about 371C) or Iess out 600F out 3160C)
or |ess, T?FCBS?G% RS gesor gauy daamnatipe e nse r&rseIPaé%@“(&f&%ut 2600) ,
or about %%eeﬂrreé&&%. (about 232C). Note that if nore than one - 30 -

di esel boiling range streamis produced in a separate volune, the above T5
and T95 vdi0083] can Ibéhcusasdimers kbovac treFliCz &, soaytoot 1 kmchidos oriche rséreeans.

[0095] I'n an enhodi t he ference in T5 boilin oint for a diesel

boi | i ng raﬁ?é@n?‘t %gﬁw@?f&?ﬁw? 3 %egﬁ @@Ba?aa@er%ﬁ%k@ e 1 Peluflp O8° Socond
separate Wﬁ&r‘érl@dfb%fhc?ﬁ’lg%hdﬂo?ﬁ?&roﬁHBHﬁlg% faged. OFICEAAABY €a Alaclo?a$h tAPouUt 10C,
at | east about "25C, or "at |east about 50% Additionally or alternately, the

differ encen¢1nd659’30510fdtqtlr¢gtnmi singdsdrl 2andilé4eHobeiér ay ot Wg@ns;@m@am froma

first separate volu relative .seco d p can be at | east
about 50 P Sukf Phpinidit FHER 116D REE Fanfd ToEM L PgRh eacy
about 50C.11pGRQ6dIER etulRP aaEe THaholEr &ﬂfbd%hérﬁ RURPUCRa@brslifasies@ag hi gher

boi i ng range
be used in place of a single reactor with multiple stages.

[0084] In a hydrotreatment stage, a feed 105 is exposed to a hydrotreatment
catalyst under effective hydrotreatment conditions. The catalyst in a hydrotreatment
stage can be a conventional hydrotreating catalyst, such as a catalyst composed of a
Group VIB metal and/or a Group VIII metal on a support. Suitable metals can include
cobalt, nickel, molybdenum, tungsten, or combinations thereof. In one preferred
embodiment, the combinations of metals can include nickel and molybdenum (NiMo)
or nickel, cobalt, and molybdenum (NiCoMo). Suitable supports can include, but are
not limited to, silica, silica-alumina, alumina, titania, and combinations thercof.

[0085] 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 a lighter
portion that can travel up into common portion 136 and a cut that can eventually
become a diesel fuel after the catalytic dewaxing stage(s) in the second reactor. The
embodiment shown in FIG. 1 shows at least three cuts being produced. In the first
volume 132, a bottoms cut 142 and a diesel cut 144 can be produced. Lighter portions

of effluent 125 can travel up in the divided wall column to enter common portion 136.



stream such as a higher boiling diesel boiling range streamor a gas oi
boiling range stream The bottons froma separate vol une can be the higher
boi | i ng raiogelig3ee2am but i n sone enbodi nents nul tipl e #ceaskotbosisisg range
and/or gas oil boiling range streans cgg be produced from each separate

vol ume. The bottons stream (or other additional diesel or higher boiling
range streans) from each separate vol ume can differ based on sulfur

content, |tro QxFOQHEE et %tlon profl &6 9 % zw% fea Ire
[0097] 1§ t A& DBFR S LR 6‘%1sdfor RSP Py {36e4h aFP3ee ohsy M¥er due
to differangeadiiionsllduts! sednk &Bfosert O14DaRd/bif Bfdphthia dut 9.2 first separate
vol ume can have a sul fur content greater than the sulfur content of a

bottors f rl886bn f Adhsast & perdind of beitaras ent 4P andlor dikeel sull Fdrcag divndist of a
bot tons f rp%géedqnafsé %n ?’eac or%é frp %%&%og&ent”ﬁfowannltn%ggtl segﬁf({ re%{&“ t 15

wppm for ‘eXxanple a eas €as wppm  at | east

about 100 Mppah iddudeeasitalphioddwa2Hy spems2ahd hegdtofiabaiie seH@ 1sppm or at
| east about 500 wopm Additionally or alternately, the sulfur content of
bott oms f rAEnyalyf yesmdropstes { S eppapglude ge erféor@&ﬁtab@casz«yaflns@egwppm or

| ess, for %)&ﬁ)m @ro@gﬁﬂﬁgéga%ew&ﬁqlges%éo 6r 59Qa %ntone%aﬁlor@bom 250

wppm or out m or |s enp e sul fur
cont ent okmmunudmmmn@m&@tsommﬁmhﬂﬁakﬁeﬂdndnsemakaehy&oﬁmmmngamgae about
100 mppn1or | ess, for exanple about 50 pm or | ess, about pm or |ess,
or about 1808pbm ofn Pé@@lyﬂp@e%)}lwmgwg@w %t%gedlu%afqeétca%he E?FR:S’IS?‘F@ t he

separate Vol cdlé%va@ur%éé‘taﬁfs‘? i?@ér cafafy fdrﬁ‘éw‘éﬁl g%?cﬁﬂ&ﬁ %@n%ﬁllgoﬁa?& %l‘ée gas

oi | b0|I|ng range cuts boi i ng poin east
(about 288;@);vaxﬁugrcaebaamommnshécblasielahwhycﬁﬁ&ﬁcl(mg)ouby BamCizingtodgeast about

700F (abou 371 out 800F (about 427C) -31 - ditionally
or al t er n&aiymo Pﬁéew 1Bafa ?CL@NE&? ﬁtdleéﬁldf’oﬁv‘é“garﬁ%ﬁ éi‘fo@ﬁ%"&ﬁ%ﬁi‘fg’%q or
less, for @xanslsgitaPubmpQROFodsRPoUEN RS @@r &bl BSSeu AR s 9@Rs(about  482C)
or Iess or about 800F (about 427C) or less. [0099]In an enbodi ment, the

di f f er encerystaliige Hominasgicpes (ﬂeom@s) @ sglmablmmmospmg%r(&ﬁy@sttﬂwm froma

first separg@e vqu reIatlv?lh ond se ar gy hr an be at | east
about 5C, F YS&%JE?%?&O g Akt B%r&%e gr cqyp ‘éeé‘ tlf’r BaUY 2B5EMBE °BY | east
about  50C.orAiste Gr@wvny nital@l Iemedk&bired EhiBodiinbh@ RN al HydIdeni@id i ng poi nt
for a gas oil boiling range streamfroma first separate volune relative to

a second sepwoaeE cgbFRRriaCrapaylll robds matebghctses Piagd/os R ancdlier| east
about 10C, pr@tterrkc? QI%BO&B{%H{, tl‘?eS(%'wa& ng c%?aﬁst @prﬁrcluﬁg 521’1 afh G%uﬂ A4l Ene?aﬁ’ %‘t 100C.

combination with one or more Group VIB metals such as W and/or Mo.

[0088] In various embodiments, the molecular sieve used for catalytic dewaxing
can comprise, consist essentially of, or be ZSM-48. ZSM-48 is a 10-member ring 1-D
molecular sieve. Without being bound by theory, ZSM-48 is believed to perform
dewaxing primarily by isomerizing molecules within the feed. Typical silica to
alumina ratios for the ZSM-48 can be about 250:1 or less, for example about 200:1 or
less, preferably less than about 110:1. To form a catalyst, the ZSM-48 can be
composited with a binder. Suitable binders can include, but are not limited to, silica,
alumina, silica-alumina, titania, zirconia, and mixtures thercof. Other suitable binders
will be apparent to those of skill in the art.

[0089] In the embodiment shown in FIG. 1, the output from catalytic dewaxing
stage 152 can then be passed to optional hydrofinishing stage 154. Hydrofinishing
catalysts can include catalysts containing Group VIB metals, Group VIII metals, and

mixtures thereof. In an embodiment, the hydrofinishing catalyst can include at least
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a preferred hydrofinishing catalyst can include a crystalline material belonging to the
M41S class or family of catalysts, which are mesoporous materials having relatively
high silica content. Examples can include MCM-41, MCM-48, and MCM-50. A
preferred member of this class is MCM-41.

[0090] The effluent 165 from the second reactor 150 can then be passed to a
second volume 134 of the divided wall column 130. The divided wall column 130 can
fractionate the effluent 165 into at least a bottoms fraction 172, an arctic diesel fraction
174, and lighter portions which can travel up to common volume 136. The bottoms
fraction 172 can include dewaxed vacuum gas oil suitable as a feed to another process,
such as a feed for production of lubricant base stocks. The arctic diesel fraction 174
can advantageously be suitable for use as a diesel fuel in relatively low temperature
environments, or alternately portions of arctic diesel fraction 174 can be blended with
portions of diesel fraction 134.

[0091] In an embodiment such as FIG. 1, at least two different grades of product
can be optionally produced by each separate volume of a divided wall column. For
example, in the embodiment shown in FIG. 1, each separate volume of a divided wall
column can produce a diesel fuel. The difference between a fraction a from a first
separate volume and a second separate volume can be based on a different sulfur
content for the products, a different nitrogen content, a different boiling point or
distillation profile, or another feature such as a cold flow property of the fraction. With

regard to cold flow properties, a fraction from a first separate volume can differ from a
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fraction from a second separate volume based on a cloud point, a pour point, or another
cold flow property. It is noted, however, that multiple grades of product do not have to
be produced by any of the separate volumes. Each separate volume can be configured
to produce various desired cuts, which can be as few as having one heavy or bottoms
cut and a portion that travels up the divided wall column to the common volume.
[0092] In an embodiment, the cloud point of fraction from a second separate
volume can be at least about 5°C less than the cloud point of a fraction from a first
separate volume, for example at least about 10°C less, at least about 15°C less, at least
about 20°C less, or at least about 25°C less. Additionally or alternately, the pour point
of fraction from a second separate volume can be at least about 5°C less than the pour
point of a fraction from a first separate volume, for example at least about 10°C less, at
least about 15°C less, at least about 20°C less, or at least about 25°C less.

[0093] If the diesel fractions differ due to differences in sulfur and/or nitrogen
content, a diesel fraction from a first separate volume can have a sulfur and/or nitrogen
content greater than the sulfur and/or nitrogen content of a diesel fraction from a second
separate volume. For instance, the sulfur content of a diesel fraction from a first
separate volume can be at least about 15 wppm, for example at least about 25 wppm, at
least about 50 wppm, at least about 100 wppm, or at least about 250 wppm.
Additionally or alternately, the sulfur content of the diesel fraction from a first separate
volume can also be about 400 wppm or less, for example about 200 wppm or less,
about 100 wppm or less, or about 50 wppm or less. In this embodiment, the sulfur
content of a diesel fraction from a second separate volume can be about 50 wppm or
less, for example about 25 wppm or less, about 15 wppm or less, about 10 wppm or
less, or about 8 wppm or less.

[0094] With regard to distillation profile, the separate volumes in a divided wall
column can be configured to produce diesel boiling range cuts with a TS boiling point
of at least about 215°F (about 102°C), for example at least about 250°F (about 121°C),
at least about 350°F (about 177°C), at least about 450°F (about 232°C), or at least
about 500°F (about 260°C). Additionally or alternately, the T95 boiling point can be
about 800°F (about 427°C) or less, for example about 700°F (about 371°C) or less,
about 600°F (about 316°C) or less, about 550°F (about 288°C) or less, about 500°F or
less (about 260°C), or about 450°F or less (about 232°C). Note that if more than one
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diesel boiling range stream is produced in a separate volume, the above T5 and T95
values can be used to characterize any or each of the streams.

[0095] In an embodiment, the difference in T5 boiling point for a diesel boiling
range stream from a first separate volume relative to a 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 a first separate volume relative to a 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.

[0096] Each separate volume can also produce at least one higher boiling range
stream, such as a higher boiling diesel boiling range stream or a gas oil boiling range
stream. The bottoms from a separate volume can be the higher boiling range stream,
but in some embodiments multiple diesel boiling range 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, nitrogen content, distillation profile, or another feature.

[0097] If the bottoms fractions (or other additional fractions) differ due to
differences in sulfur content, a bottoms fraction from a first separate volume can have a
sulfur content greater than the sulfur content of a bottoms fraction from a second
separate volume. The sulfur content of a bottoms fraction from a first separate volume
can be at least about 15 wppm, for example at least about 25 wppm, at least about 50
wppm, at least about 100 wppm, at least about 200 wppm, at least about 250 wppm, or
at least about 500 wppm. Additionally or alternately, the sulfur content of bottoms
fraction from a first separate volume can be about 500 wppm or less, for example about
400 wppm or less, about 300 wppm or less, about 250 wppm or less, or about 200
wppm or less. In this embodiment, the sulfur content of a bottoms fraction from a
second separate volume can be about 100 wppm or less, for example about 50 wppm or
less, about 20 wppm or less, or about 10 wppm or less.

[0098] With regard to distillation profile, the separate volumes in a 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).
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Additionally or alternately, the T95 boiling point can be 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.

[0099] In an embodiment, the difference in T5 boiling point for a gas oil boiling
range stream from a first separate volume relative to a 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 a first separate volume relative to a 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.

[00100] The common volume of the divided wall column can also produce one or
more streams. The one or more streams that exit the divided wall column from the
common volume can include a naphtha boiling range stream, a kerosene boiling range
stream, a light ends stream of C,4- hydrocarbons, or a combination thereof. A separate
stream 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. When present, 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). Additionally or
alternately, the kerosene boiling range stream can 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. When present, 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 least about 120°F (about 49°C). Additionally or alternately, the
naphtha boiling range stream can 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 — Example of suitable divided wall column

[00101] 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.
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[00102] 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
1. The dividing wall for the divided wall column in Table 1 can be at least as tall as
about the height of the sump plus zone 4, and less than about the total height of the
sump, section 4, and the flash zone. Thus, for the dividing wall column shown in Table
1, the dividing wall can be from about 7.9 m to about 10.9 m. Additionally or
alternately, the height of the dividing wall can be selected so that any contamination
between fractions produced in different separate volumes can be below a desired level.
[00103] In the simulations for the divided wall column, the dividing wall resulted
in two different sized volumes. The first separate volume, corresponding to the
separate volume for the hydrotreating/hydrocracking product represented about 59% of
the total volume. The two separate volumes for the divided wall column were selected
to have volumes that were roughly similar to individual fractionation columns suitable
for the same separation.

[00104] The divided wall column described in Table 1 allowed for fractionation of
two distinct products from each of the separate areas below the height of the dividing
wall. For an initial vacuum gas oil feed, the separate products included a bottoms
product and a diesel boiling range product. The bottoms product and diesel boiling
range product from the second separate volume of the divided wall column
corresponded to products with improved cold flow properties relative to the products

from the first separate volume.



[ 00104] The divided wall colum described in Table 1 allowed for
fractionation of two distinct products fromeach of the separate areas

bel ow t hewbebngi33s2hb t he dividing wall. For an initial vacuusega®s3msid feed,
the separate products included a bott03§ product and a diesel boiling range
product. The bottons product and di eset-boiling range product fromthe
second separate volune of the divided wall colum corresponded to products
Wi th inprg ed (gggigj i oertles relatlve go t he products fromthe first
separate vt = 1] S “ati on under dewaxi ng

condi ti 0“%00[@9]105]1:117@@ s%v%h@yiﬁtsrf&wéaftrﬁeﬁ&ff alsuBaLeiMini@k féed under

sul fur-containing feed under catal ytic dewaxi ng conditions. For the data in
FIG 2, tretaidedlonaging conéisiens. piirithqdats anlglé. @a&ry feesbwas thdiesdl heilinged about
643 wppm Of Suvlvgl urfe@c?%a?%%tﬁ% &4§ou\fv§ i)f mnéftsu nd a-lt-)p)gt f@ Vr\ﬁ%f exposed to
dewaxi ng ca ?%. Y Ghder Catar ng con H16ns 1 nel U ing a

t enper at urxﬁtr@@tnwelele fedaonis e&iaai%d(talaewamﬁg Zﬁ)dyatndldabcuuztlyt?c?@&va(xaﬁgout 410C) and
an LHSV of about 2.3 hr-1. The H2 pressure d dewaxi ng was about 765

psi g (abowonditignimsiineEHEMpetar Ret™ear alp%FIMs AR A FBGRBOPSM 48 Wit h

a silica tg I t it o of Pt

as a netal hyd@agﬂi‘altoﬁgkgncpin %ﬁg*r{t()f%ggu t]Qhoﬂvﬁ |T:1H%%Z@g% ?etb)et g‘ﬁ@agfnt 90%

and about \@e&%boﬁt Tddepsilabourt MMHaghDVImhawnxidgecatbéyWWanglumiﬂa}bmm t he range
of tenper studl d FIG .2 sho

h
oan borus B NIGRGF Hbg o il gairkai Suattout 2GR palnchied dhos (iR of bt ' 01
Desul furi za@tauﬁaalq{yd%gehaﬁ&@amgﬁ 61, JRURSHAGn PROCL HLORSn bARTAGI FIC 3 shows

results for treatrment” of a 130N raffinate feed under catal ytic dewaxing
cond|t|onsmOHhﬁﬂﬁafﬂwmam@WWaH@nmnalmdhddaWGung6sscvmppmﬂmgegﬂlfur and about

66 wppm of n|tr dewaxi cata
ot oy o e Sl 10 SHRE (APRETSS SrptTH e bR R Bl sssc
and about &@%ﬁk@@gm@ﬂnLhﬁﬁhgﬁmﬁaput 0.5 hr-1. The pressure during dewaxi ng
was about 400 psig (about 2.8 MPag). The dewaxing catal yst was

it h

titania- bqynd’% k@ 2 f about 90: 1 that
further i 0~ S0 C IS < sime Tt T C conponent Even
under rel qnomds S QUG5 @mstﬂesm@ fot @&tﬂ@W'aQQONafhfﬂnﬁﬁztfe&Q%c@PE@cal‘yﬁc perform
sul fur renmoval . This indicates that, in a sour environnent, due t0 a direct
cascade ofde@rafcmug@nndmp@sn Ehehyptimeta feed instnded ebaitt 6830 wemandf ﬁglf@w| abpeins

shoul d st Ié6| WI?pem% nt r%tgleﬁ/ eTlfleO feed gvggg%ﬁosgé toséjelvx}ca%ng catalyst under catalytic

dewaxing conditions including a temperature between about 355°C and about 375°C
and an LHSV of about 0.5 hr™'. The pressure during dewaxing was about 400 psig
(about 2.8 MPag). The dewaxing catalyst was titania-bound ZSM-48 with a silica to
alumina ratio of about 90:1 that further included 0.6 wt% of Pt as a metal
hydrogenation component. Even under relatively sour conditions, the dewaxing
catalyst was able to perform sulfur removal. This indicates that, in a sour environment,
due to a direct cascade of effluent from a hydrotreatment reactor, dewaxing conditions

should still be effective for removal of sulfur.

Example 5 — Desulfurization of feed by hydrotreating followed by dewaxing

[00107]  FIG. 4 shows results for treatment of a feed by hydrotreating followed by
dewaxing. The feed in FIG. 4 contained about 2200 wppm of sulfur and about 93
wppm of nitrogen. The feed had an initial cloud point of about 4°C. The feed was
hydrotreated using a commercially available hydrotreating catalyst under the

temperature and space velocity conditions indicated in FIG. 4. The entire effluent from



Exanple 5 - Desul furization of feed by hydrotreating foll owed by dewaxi ng
[00107]FIG 4 shows results for treatnent of a feed by hydrotreating

fol | oned W9 2devi33820g. The feed in FIG 4 contai ned abouPCZAB0Mop3R1Of

sul fur and about 93 wppm of nitrogen. 3’ e feed had an initial cloud point
of about 4C. The feed was hydrotreated”Using a commercially avail abl e
hydrotreating catal yst under the tenperature and space velocity conditions
i ndicated jn, F . The entire effluent. from. - 34 -.the hydrotreating was
then' cascdblytiftrtine VR EPabfbL W MhnlhgRbins sShwaignlf adelbsli " a

catal yst idpeUd OgalFSMdRling ZEMAS with%.GPiviovas wis @eed in thhiewiaaaxitng At age at
the sane tenperature as the hydrotreati ng stage. The pressure for both

st ages washepeug tenperapg as Hisdiydragwatipgstage. obhegppisiregopbaisipes Va0108] Tabl e
1 shows t i :al tive for sulfur renoval froma
hydr otrea?%éut%g@oﬁ%%%&%&%%rﬁ%%;Ir@rlefEtFll ‘can typically | eave behind nore

difficult [00108]m0V&ablel if dhows Qi thidtsvax figCdatatgst hap dfe@tl cdoibrmzetdmaahenes.
However, the dewaxi ng stage was able to renove at |east about 80% of the
sul fur frdimpaydipiicsied &ede dhe prigbBYdrPEeRtmMIRcan kel lydpavgeshmdmege

condi tion I ]ﬁ@ﬂ{: than 5
wopm | n adggﬁh ﬁé‘?\%ﬂ}gs g&faéoﬁ?(g Islgsféégéhm&/asgﬁ %&%%L@g&%?tr m\l}‘lggﬁgﬂg\?al%é’ast 90%
of the sulthadeWwating eagrewad able® omoabatitasd I06t 80%gefaht arlfur Boanthee 6 - Two
stage redyction of sulfur. |evels 00109] The fol |l owi ng exanpl e descri bes
condi t i onsifeakdsPRIPBY LA e 4N Sreebigy ‘é@%éé Opf B oY i S&ff@_§§welf uel
product. Il HehyRf RRBGEINE waX RIPIHEN saviREAICARIRE, thedlcRafingRRiIL WAG Tange
feed that includés from about 500 wppmto about 3000 wppm of sul fur. The
f eed can fdapalle bereexpomed l¢ast W% pdthetsubat foe tmprattatey of about870°€f drect i ve
hydr ot reat i nag conditions. The hydrotreating conditions can be selected to
reduce the™§Uffur content. The hydrotreating reaction conditions can
include an LHSV from about 0.3 hr-1 to about 5.0 hr-1, for exanple from
about 0.5 Hxample 6 —dvnstage wdention of sulfestlevelpr essure from about 300 psig

bout 2. t t 800 i bout 5.5. MP , | | f bout
o0 pei o AONIEEY " Friainind QBbul b SaRE caRigS B o be i Befud oM 20
t enper at urgackpsaRAGNbf 7 @QEel(f@éI?%du%t? Ihik ?r&}ﬂh@ﬁé cxaatfte, ABOHEanIRIC) . The

effluent fromthe hydrotreatnent can be introduced, after a separation,
into a dewhsschipibpayage Tivd thas peatedes dionhylpub SP@appet teRbowieft0 wippm efont ai n at
| east aboustulfﬁgol“l% R ol f%r‘é{ ﬁe”{;w%é‘ed QRYL AR %{ne%%%tﬁ@%&ﬁ{d%rbé odig8s than
about 500 "wpprh of " suf fur. "In e dewaxr’ng st age, separ at ed,

hydr ot r eatigsdr®ichlitketdndéieons b&hd aya@rsadatinpdenditibhesin bessclitewdxo RglucoOmdi ti ons.
Dewaxi ng conditions can include a tenperature from about 280C to about

380C, a t cuHpr ¢nmendydbe hydpiresimgreaption genditionsssndncdude apaady Vv iwnaplawt 800
i b i i to about
o0 b bbb, iATRE, Aaubod I S @ f8R%%S e 1 MEEQ) 15 0

hr-1. The potesaacci frgn abdal398 psigdabdue 2. 1fMPagxaapde S0 psigl(avdun &-S0ditag), KSM 48
it h O
\M a sl elxgt%p{eofrom about 400 psig (about 2.8 MPag) to about 700 psig (about 4.8 MPag),

and a temperature from about 700°F (about 371°C) to about 750°F (about 399°C). The

effluent from the hydrotreatment can be introduced, after a separation, into a dewaxing
stage. The separated, hydrotreated effluent will contain at least about 100 wppm of
sulfur and optionally but preferably less than about 500 wppm of sulfur. In the
dewaxing stage, the separated, hydrotreated effluent can be dewaxed under effective
dewaxing conditions. Dewaxing conditions can include a temperature from about
280°C to about 380°C, a total pressure from about 300 psig (about 2.1 MPag) to about
800 psig (about 5.5 MPag), for example about 400 psig (about 2.8 MPag) to about 700
psig (about 4.8 MPag), and an LHSV from about 0.1 hr'' to about 5.0 hr™". The

dewaxing catalyst can be, for example, an alumina-bound ZSM-48 with a silica to
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5.0 hr-1. orherdeuwasiio GAl #ShmpRrOR abbR0. SKENBl8oyta s BF UFkAar bound

ZSM 48 W|thaS|I|cato alumna ratio of |ess than about 200:1 including
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stage. The separated, hydrotreated effluent can contain at least about 200 wppm of
sulfur and optionally but preferably less than about 500 wppm of sulfur. In the
dewaxing stage, the separated, hydrotreated effluent can be dewaxed under effective
dewaxing conditions. Dewaxing conditions can include a temperature from about
280°C to about 380°C, a total pressure from about 300 psig (about 2.1 MPag) to about
800 psig (about 5.5 MPag), for example from about 400 psig (about 2.8 MPag) to about
700 psig (about 4.8 MPag), and an LHSV from about 0.1 hr™ to about 5.0 hr'. The
dewaxing catalyst can be, for example, an alumina-bound ZSM-48 with a silica to
alumina ratio of less than about 200:1 including from about 0.5 wt% to about 2.0 wt%
of Pt. The hydrotreated, dewaxed effluent can advantageously exhibit a sulfur content

of about 15 wppm or less.

[00111] The foregoing disclosure provides illustrative embodiments of the
invention and is not intended to be limiting. As understood by those of skill in the art,
the overall invention, as defined by the claims, encompasses other preferred

embodiments not specifically enumerated herein.



CLAIMS: 1. A method for producing |low sulfur distillate products,

conpri si ng: hydrotreating a feedstock having a sul fur content of at

| east abowO 2060B382ppm under effective hydrotreati ng con@cCriusa1t0835ps oduce
at least a liquid fraction; sepa;gting the liquid fraction froma gas
phase fraction, the separated liquid fraction having a sulfur content of at
| east about 100 wppm hydr opr ocessi ng at | east a portion of the
separated(bLgH%g,fraction under effective dewaxing conditions in the
presence o talyst including at | east one Goup VIII netal on a bound
zeolite, the bound zeolite conprising a one-dinensional 10- nenber ring
zeolite; and fwﬁ@ﬁﬂﬁﬁd@fﬁ@dvﬁégHVﬂﬁdgﬁﬁé@ﬂg@dWWﬁ@&%Gmﬂp%%ﬁgon to produce at
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cl oud poi nindef cfédecué hy(ﬂr5€eahfng|c6ﬁ$1t10ﬁ’s toprodkicbadlchan lplmﬁﬂﬂmt@g, | ow sul fur
distillate products, conprising: hydrotreating a feedstock having a sul fur
content of at |SBARIBGHBGIIqEFmcHpphonhress Reseigtios. thy aprsratedtiay

condi ti O”Sfra onhgwﬁéé%\ﬁ #NR {eﬂgoéﬁ%a@y&fo‘a’é I(ﬂ?&vg feedstock in a first

vol une of IVI ractionator to produce at least a liquid
fraction and a Hyldrcmroccessmg)at If:zrsaapoﬂra)ntdﬂahe sepaprd dedid Dackionwppar undi vi ded

vol ume of t ctionator,.the uid fr ctio hav ul fur content
Do oo B AT CeRiiohs Gtk hsence o 8 chidlsl Bt el ety o et

portion ofyirhgelal Sih BoldBELIRN HENEHI @é&@&&&ﬂﬁ@@%ﬁ@&ﬂ%h&p @0s in the
presence of a catalyst i ncluding at |east one oup V nmetal on a bound

zeolite, tm@nbfuum@ zzelitei aral frantipnatgigthe hydmlemdesmchqud zﬁﬂacu@ toambdicent ng

zeolite; n fractionati rocessed tion in a
second vor Hi2 Bk o dBEbiaRe RGt PRREERERERplenS! rshfELPER | cast a
product f r@Gdds OfniadGerfc RGO BHalkRIBBhpht eClbésPiind Halbud poinassAdut 9 seder upper
undi vi ded vol une of the fractionator, the product fraction having a sul fur

content ofle®bout 15 wppmor less, a nltrogen content of about 5 wppm or
| ess, and a cloud point of about -15C or less. - 37 -

2. A method for producing low sulfur distillate products, comprising;:

hydrotreating a feedstock having a sulfur content of at least about 1500 wppm
under effective hydrotreating conditions;

fractionating the hydrotreated feedstock in a first volume of a divided wall
column fractionator to produce at least a liquid fraction and a first common fraction that
is passed to an upper undivided volume of the fractionator, the liquid fraction having a
sulfur content from about 200 wppm to about 500 wppm;

hydroprocessing at least a portion of the liquid fraction under effective
dewaxing conditions in the presence of a catalyst including at least one Group VIII
metal on a bound zeolite, the bound zeolite comprising a one-dimensional 10-member
ring zeolite; and

fractionating the hydroprocessed liquid fraction in a second volume of the
divided wall column fractionator to produce at least a product fraction and a second
common fraction that is passed to the upper undivided volume of the fractionator, the
product fraction having a sulfur content of about 15 wppm or less, a nitrogen content of

about 5 wppm or less, and a cloud point of about -15°C or less.



3. The nmethod of claim2, wherein the height of the dividing wall is

sel ected so that the second product fraction contains about 1 w%or |ess
of nat er iaiD 20ov3eepondi ng to the first product fracti onPCTAIS20ih@33%et hod of
any one of the previous clains, wherelg the sulfur content of the separated
liquid fraction is about 500 wppm or T Z and wherein the at |east one

G oup VIIl netal on the bound zeolite conprises Pt and/or Pd. 5. The

met hod of gl ai the m)unt of
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W% 6. AhiRhdhedohdprogi@diietiog couins ibdudn vel/sbi ledsadfenféad U6trSspoS@RARr i Si nQ:

hydrotreating a feedstock having a sulfur content of at |east about 1500
wppm underto 8 faist prigdudiyi@edet-eat i ng conditions to produce at least a liquid

fraction; hydr oprocessing at | east a portion of the liquid fraction,
t he at Iea45t a mrméthm of artyhumelof thel edibactlhiom, Wavieigtha sslifaonteaonti@at of at
| east about 100 wp under effective dewaxing conditions in the presence

of a cat alsyg%raﬁeﬁélﬂm frastign 19 gyt SYheprp 61 fesviang whstean thert leags roep i t e,
t he bound ¢gp bﬁ?o&ﬁf@ﬁiohﬁ&l? e Qﬁge@pﬁ'@&q}d 10-nmenber ring zeolite, the
co

at | east one oup V i SIng and fractionating the
hydr opr ocessed | i qui ?é; ctl on to produce at | east a product fractl on, the
product fracti o?heﬁa?}}q Eclair for s damtronp Abbastah s wﬂﬁ%«? apeyy of 5

ni trogen C@r%hgmﬂlq{letélt&f’the BoWRPs Bl 15 &9 a‘tﬁ)ﬂgo 2 WbPdBei NS wad, about -15C
or |ess. met hod according to claim6, wherein the dewaxi ng catal yst

further ris e met al belngW Mo, or a
conbi nat i cf{r;rp EE?F%O%’PT &R\({Hﬂflﬁiﬁ” é‘é@grdbsiqﬁl@tetp(ﬁo Ly MPPIYREr ei n t he anount
of NI is from aRamirchidg a/‘fée@st@&@h‘évn?g M OfFur 2B/t bt st M@ HboRf 1580QUpnY! met al

is fromabout 5w%to about A nmet hod according to any one of clains
6- 8, wher gindet ¢féective hgbfgtreemng@pndlaﬂnm préduck iaglehst afligaet frastions cascaded from

the hydrotreat Ihy%r(}p?oéegsmgh Xtcleas 5%8 %%lo?%lev\fu}urfc? %Iractﬁorrllt ﬁlren??eaatta pos BELE tion.
the liquid fraction having a sulfur content of at least about 100 wppm, under effective
dewaxing conditions in the presence of a catalyst including at least one Group VIII
metal on a bound zeolite, the bound zeolite comprising a one-dimensional 10-member
ring zeolite, the at least one Group VIII metal comprising Ni; and
fractionating the hydroprocessed liquid fraction to produce at least a product
fraction, the product fraction having a sulfur content of about 15 wppm or less, a

nitrogen content of about 5 wppm or less, and a cloud point of about -15°C or less.

7. A method according to claim 6, wherein the dewaxing catalyst further
comprises a Group VI metal, the Group VI metal being W, Mo, or a combination

thereof,

8. A method according to claim 7, wherein the amount of Ni is from about 1 wt%
to about 5 wt%, and the amount of Group VI metal is from about 5 wt% to about 20
wt%.

9. A method according to any one of claims 6-8, wherein the at least a portion of
the liquid fraction is cascaded from the hydrotreating to the hydroprocessing without

intermediate separation.



- 38 - 10. The nethod of any one of the previous clains, wherein the
effective hydrotreating conditions conprise a pressure from about 300 psig
(about 2.WONPHgB3%20 about 800 psig (about 5.5 MPag), a PERAS2@O83514rom
about 500F (about 260C) to about 800F ggbout 427C), and a space velocity
fromabout 0.3 hr-1 to about 5.0 hr-1.-""I1. The net hod of any one of the
previous clains, wherein the effective hydrotreating conditions include a

treat gas frate that provides an.anmount. of ‘hydrogen.fro out two tines to
about five Ui medeepeladt i R HE PRECIIPEITERE ng. 12 The
met hod of 1g@yotRAEn®EoriditeorRiceMmbetSa Flesdui® froMt oI 300 fe: @bHGCE | MPadwaxi ng

conditions include a tenperature from about 280C to about 380C, a pressure
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f r om aboutab3pBU9snse @heyS MPrghpdenreratushbom aBow 398G (abaBbR0°6) ® MPag), an

LHSV froma%Q?PéOOQF PaHdL 42%@;3,%%8% et zfro%?glgcﬁlt B 096 Bodili 83 n,9as rate
out two ti to Pis e hyJ

of fromab mes bout teen times rogen consumed during
the dewaxing. 13. The nethod of any one of the previous clains, further
conpri si ng lhy drBrimetied plpnyiie g liedaaviprgelpanss wasteiohe GHEEN ef f ect i ve

hydr of i ni shi LA j ' ' i-gui.d
fraction,%Bﬁggggﬁgg%%@gﬂﬁ$%%%?fﬁ%@ﬁ%%%ﬁ%gﬂﬁgﬁkgﬂgé$ﬁkgﬁﬁgﬁggg%¥gﬁggrature
f r om aboutfrdmB@tnttowaliows tQ8G fise tioteaktheprydssen eofisuoredalnoug tiB00 psi g (about
2.1 MPag) .tq about 800 psig (5.5 MPag), an LHSV from about 0.1 hr-1 to
about 5 hriYrOUSANg hydrogen treat gas rate of from about two tines to
about five tinmes the hydrogen consumed during the hydrofinishing.

12. The method of any one of the previous claims, wherein the effective dewaxing

conditions include a temperature from about 280°C to about 380°C, a pressure from
about 300 psig (about 2.1 MPag) to about 800 psig (about 5.5 MPag), an LHSV from
about 0.5 hr™' to about 5.0 hr™', and a hydrogen treat gas rate of from about two times to

about fifteen times the hydrogen consumed during the dewaxing.

13.  The method of any one of the previous claims, further comprising
hydrofinishing the dewaxed liquid fraction under effective hydrofinishing conditions
prior to fractionating the dewaxed liquid fraction, the effective hydrofinishing
conditions including a temperature from about 180°C to about 280°C, a total pressure
from about 300 psig (about 2.1 MPag) to about 800 psig (5.5 MPag), an LHSV from
about 0.1 hr'' to about 5 hr™', and a hydrogen treat gas rate of from about two times to

about five times the hydrogen consumed during the hydrofinishing.



