1 HYDROPROCESSI NG OF GAS O L BO LI NG RANGE FEEDS FI ELD OF THE | NVENTI ON
[0001] This invention relates to hydroprocessi ng of hydrocarbon feedstocks
for prodwoOizon/iagssBuel s and/ or |ubricant basestocks. BACKGRSUND0S¥é6H HE

| NVENTI ON [ 0002] Processi ng of gas oil feedstocks, such as a vacuum gas oi
(V&) feed, and other heavier feedstocks can pose a variety of challenges.
One potential difficulty is presented by the boiling point range of the
feed. Many of the high value uses of ajgas oil feed can require conversion
of at |least a portion of the nolecules in the feed to a | ower boiling
range. Some typical processes for conver5|on of feedstocks can include
catal yti c processedYDROARQ(ESSING Q S QIE BQIBING RN FREDS Unf or t unat el vy,
hydr opr ocessi ng of such a feedst ock can require substantial quantities of

cat al yst aanto hi gh costs for proceSS| ng a feed.
[ 0003] U. S. sing of a

S
feed, such é@"t"?rvm fh1S %venf 8 ilat eydmpd l?g%rgg{%%rb n&egspoc%(%r feed. The
initial feeqiﬁtdomonloﬁfdemm/bfEnahmitba@eﬁocﬂtydrotreat ment zone. This produces
an effluent that appears to have a sulfur content from about 200-1000 ppm

Some of t he pafdrrOUND @THRENDESITabeat ment zone is then hydrocracked.
After fractionation, at [east a Bortlon of the effluent that is exposed to

hydr ocr acki HP0RE a diressesingssiens oificpdsingls pedrs evaguuapgse Al §V60) ade a boi | i ng
range of abgqpf otillét%eg‘\ggr(fe&l@gcl% c§h' I)sléra VQH&E/ %P&haﬁéng@pqyﬁe ﬁo@&hglqgﬁwﬁ‘f%pm

Optionally, a portion of the can al so exposed to
hydr ocr acki fgpresphted by fﬂe@eﬁmgpmmaﬂmfhlwfmbrbéwﬁ@ledmh Wéuee»sgﬁdsf@d to a

posttreat m?%&s af %&Fcatn‘?e g@lax&efsg% OJf‘?{ 1%?53?5 g&%oﬁ of tﬂ?glolic@uﬂeg‘l‘ﬁ il%af@%ﬁ {4g portion

of the hydrdGcracking pr at ent escri bes
met hods for lqyrembuld:thglgmwoﬁquawmgﬂ pprcedercios canhersion nt foadieocks ewahclpleoduct s.

The net hods 8!&21&#’ {ggeg QLA gsastohlggt'y 256 lﬁ’ggogrfc%g% %f(ﬁ“pﬂaéspar ating the

hydrotreate 16 a gaseous a por The gaseous
portion is hmh‘opmemismg ofsueh gé&sdoedk cﬁleeadsﬂrmlbstamdl passed of cataydiydd ocr acki ng

stage. In an exanp t he paten the gas oil feedstock used in
t he hydrocrgﬁ(ﬁf’%eél e?%ﬁ%% égwos’tgg?rfpr?ce Sbl}%a%%d of nore than about 2 W% The
2 hydrocr acke®d3pf f | uesiPatst Nbax;mzqnatdednbéshﬁeﬂﬁdda(mriMyﬂ@pio@dﬂssimgssﬁ bly

(rjg:g:. ;[ Ibgg | ﬁfeaog‘lg}?%galrvgﬁgg%cf) ' Od%vap&%{sﬁq gjhuct and Er?]t: 88 fee'ab The 1n1t1a 179

feedstock is hydrotreated in a hydrotreatment zone. This produces an effluent that

appears to have a sulfur content from about 200-1000 ppm. Some of the effluent from
the hydrotreatment zone is then hydrocracked. After fractionation, at least a portion of
the effluent that is exposed to hydrocracking is a diesel boiling range feed that appears
to have a boiling range of about 140-382°C and a sulfur content of about 100-2000
wppm. Optionally, a portion of the FCC feed can also be exposed to the
hydrocracking. The effluent from the hydrocracking can be exposed to a post-
treatment stage to remove any mercaptans formed in the naphtha portion of the
hydrocracking product.

[0004] U.S. Patent No. 7,449,102 describes methods for producing hydrocarbon
products that include diesel products. The methods include hydrotreating a resid
feedstock and separating the hydrotreated effluent into a gaseous and a liquid portion.
The gaseous portion is combined with a gas oil feedstock and passed to a
hydrocracking stage. In an example provided in the patent, the gas oil feedstock used

in the hydrocracking stage has a sulfur content of more than about 2 wt%. The



products that include diesel products. The nethods include hydrotreating a
feedst ock and separating the hydrotreated effluent into a gaseous and a

i qui d powOi2on/12B%98t of the liquid portion is recycled POTUSR011/030660
hydr ot reat nent stage, while another part is described as being suitable as
a feed for a fluid catalytic cracking process. The gaseous portion is

conbi ned with a hydrocarbon feed that boils bel ow about 371C and i s passed
to a hydrocracking stage. The hydrocracked effluent is fractionated,
resulting in a diesel range product. [0006]U. S. Patent No. 6,638,418

descri bes nmethods for processing at |least two feeds. The first feed is

hydr ot r eat edydracrackesl pBluciitigtiectiongtedy dedragienatipipragsibbyHetultmedip figsel cont ent  for
the hydrotreg %ggﬂg%&luent fromthe first hydrotreatnment stage is specified.
The hydrotreate fluent is then passed into a hydrocracki ng stage, al ong
with a recyd?®8l por ti.dnPavft N/, HBdh78 dessoikisretedds foremeducing bydreeartpar t i on of

t he hydrocr f ow sul fur
di esel . gﬁgﬁﬁgﬁg{? ﬁ@%@b%l%% %%qﬁghﬁg??gb &ﬁgﬂgf%§%“#§ n%%% l(vvl h a
second di esehd $eamgeng‘tbeblythmbatvyidffbtemeaitoelcgasawuea@edmdi ytmotPegaf thent st age.
This also p rtian |, SUWIVARY s, | NVENTI ON
[ 0007] One ol %mﬁﬁogﬁap%ﬁ?%wf%e@é% P‘.&) 0“?3 Sttage e ‘?10%1 Bls drggcée%s?sng a
hydrocarbonbémgdsmbbhsaﬁhddhanhnmomﬂwnnhuﬂmgpnxxmnghaghyqumaﬁhmn feed

o 0g 2 I siRnsd QPP bihG il peo SRR bR e aRnitet s SRl duce. a0

m xed hydr oaadioaackiigathge TRe Md@tachydléfacar bamcfieatddcaie ydicetr eated in a
hydrotreati ng stage by exposing the m xed hydrocarbon feed to a
hydr ot r eat i HY'€EBI%4Mst under effective hydrotreatnment conditions to produce

a hydrotreafe@epf f | ueptpdiayNog @38S4mfdusrcns@sr1ﬁ&ﬁuds@ctrpa&emng@@lémmor | ess.
The hydrotreated effluent can be fractionated to produce at |east a

ker osene f r & obherfEdtifery inhwdiptregied dnh iishitagss Ifahemotfep%t&ﬁs olftess, a

di esel fracthQhthhd 1 ddorbed BfluERHoathe @fst ﬁﬁﬁ&?eagﬁkn\(\ﬁ%@ i9peki®ied. and a
bottons fraction. A bottons feed fraction can be formed fromthe bottons

fraction, tHA&ebuletsstedicEbgntis fep pesechiate afydeocpskipgpipgmalopoivih aof at | east
about 355C. r&?ﬁe@g O tﬁ@ﬁ%rcﬁc‘%ﬁﬁﬁg QD Aﬁl%th%PﬁBf%ﬁ &9hd l'fyd?ocracké’d
conversi on stage by exposirng the bottons fraction to a dewaxi ng

cat al yst und8hicefi Getiopatediomyetusé @tﬁea@tmldmsuléwsilqsel gy gdece efﬂmentcfmmVer sion
stage effl ugnt igh I e
hydrotreat e é??*%%%@ﬁ gﬁgggkggg%%%éngggg e%gggggé%hagéﬁ%g&%%%@gﬁglon of
t he hydr ocasézond hgkdreatheat styg. tTd.usailsoqvmdecw agrertichrod &dvosudifur dikgel.conver si on

t hreshol d corresponding to the T5 boiling point of the bottons feed
fraction. [GORBVARGtODETHESKNEENTOONt he invention relates to a nethod for
processi ng a(ﬂ&droc bon feedgtock whi ch net hod i ncl udes exposing a

bottons feed®Wihcti SHCRARACHY B FEWAT FlHE (PaimthodfoTRO4E 2 about 355C to a
dewaxi ng Ca%ﬁ&%&%b&ﬂﬁ&%u@ﬁR@ﬁ&ﬁﬂ&mﬁﬂﬁMﬂ&ﬁhﬁﬂngQHQMB&@MﬁMb&Hﬁvﬁ@BW@VSlOn
stage to forma conversjon stage effluent. The conversion stage effl uent
and a hydr ofaiiBsRoERIA! leay pbryt A0FE Vi1 4 Gomyerrien peecoiluant havingra siBiut  340C can

be hydr ot re%&ﬁglt'oﬁa@)uh rh 8Akdsng lsoha&ea Rk @KRPSIaSn T4, Qﬁ@iﬁ%ﬁ' on stage
ef fl uent and the hydrocarbon feed E%/rdrotreatlng catalyst in the

presence of adfﬁ%l?@gféfﬁi qap éahY@e%eamddeﬂh plecating dagpareapesertthemixedondi t i ons
to produce g,fydriealed h%lfolr%ﬂ cAAYERNLIE eﬁ%':%tfcvg 'hy(frgll?%a?rﬂént RéndaRpyt S0 wppm
or |ess. The conversion stage efffuent can include at |east about 50% of

t he hydrogeto prpetact-: a@aé,mtrwtﬂréﬂwahmngeeeﬂulfemon%eg?ebomfﬁé wppdratieseat ed
effluent cap t tion having
a sul fur con (ﬂ&%:éﬁ%ﬁﬁkﬁ%m&gﬁﬁ%@gﬂ%gggungﬁg?%ggﬁkf%§§$?§%L%§§|n

sul fur cont emlng)zi SLdfuomntezmof/q:b)pm l@rwppessr leamiesebfnadtiomha\flmmmlmn At I east
about 25% of rEtQ F i acrt llespsnan tom 1%|ne o?tomh‘f:’ee?g agteolilscl rclm stage

as part of tHe @HnPractlon s enbo I ng poi nt
profil e of bbﬁnﬂ&dﬁﬁMﬁBﬂMﬁﬂm@ﬁhﬂﬁﬁp&ebamnmﬂhﬁE@@mBMhimngﬁTﬂBﬂﬁmgabout 40%

conversi on of r feed rel nversi on threshold, the
conver si on PRPbYI AP a2Eond b b g ki Fas B P RGO BTHE Mt 't he hot t ore
feed fraction. [0009]Still another aspect of the invention relates to a

met hod for processing a hydrocarbon feedstock, conprising: hydrotreating a
di esel boiling range hydrocarbon feedstock having a cloud point of at |east
-10C in a hydrotreating reactor by exposing the hydrocarbon feedstock to a
hydrotreating catal yst having a hydrotreating catal yst cycle length in the
presence of a hydrogen treat gas under effective hydrotreatnent conditions
conprising a hydrotreating wei ght average bed tenperature to produce a
hydrotreated efquent havi ng a sulfur cont ent of about 10 ~Wppm or | ess; and

T 1 1 v o e




BRI EF DESCRI PTI ON OF THE DRAW NGS [0010]Figure 1 depicts a reaction system
suitable for performng a process according to the invention. [0011]Figure
2 depi ct swa20tmpaivat i ve reaction system [0012] Fi gure 3PAEAiSea1d/0a0%60

enbodi ment of a cascaded two-reactor hydrotreating and dewaxi ng system
suitable for performng a process according to the invention. [0013]Fi gure
4 depi cts anot her enbodi nent of a cascaded two-reactor hydrotreating and
dewaxi ng system suitable for perform ng .a process according to the

i nvention. DETAILED DESCRI PTI ON OF THE EMBODI MENTS Overvi ew [ 0014] Sone
heavy feedstocks, such as vacuumgas oils, can serve as a source of both
fuel  productenvarpnsiise by arosipa s dobieks foctfiectign it # dptasingsaklysamdige t o

| ncrease tNenauEE b ool @for Do BTN ANoPLde WlH: Afchd DT cant s

while mnimzin e cost required. pi cal vacuumgas oil feed can
contain an amb tnen.tf the bpifing pethiarofils 0f1ihg Ih}édTO'lTW@d offusnbeso sptresbbd to@l f ur

content for 1Ja§’tealo 45 Uc%nve%gr‘?éﬂ{hé &%}Hoﬂ@eeﬁtfﬁ&gvg?@c&% sPnRERGh| L1 al to

reduce sul fur esire eveI suc eSS than about 10 wppm
of sul fur. Awamhﬁnmgoﬁhxbdmcmempumumcwéﬁ§étmﬂ@ganbﬂmmh@hﬁwusmﬁdgenerated

froma heavier.feed, such as by conversion of the feed to I ower boiling
poi nt conpounds. A typical vacuum gas oil can also benefit fromi nprovenent

of the coldummGM/prdn@ﬂmi$$mn$ﬂmhh@&n@ﬂﬂbhﬁ@kﬁhmﬂﬁh&ﬁypmnemmgssibIe process
for treatin dr o n o o desul f r ed in a first

r eact or and%‘f“ﬁgﬁ1¥ %%gq% %E a& ﬂ%ﬂ?@éé t egi@%ﬁ "reactor. A
fracti onat ohad@ga Th emhbgpaiﬁted at 0ash htmet 3satea ﬂ&&xi@wiatysngldar@ﬂu@xte into
desired fuel and.lubr%cant basest ock cuts otggflal ﬂgthod f or

éOOerJ
Feduci ng t hEORSSIONGPMGETFAR AP 1Y SIoSkE FUPT AETBfTSION siage ciluent

conversion stage effluent and a hydrocarbon feed having a T5 boiling point of at least
about 340°C can be hydrotreated in a hydrotreating stage by exposing the conversion
stage effluent and the hydrocarbon feed to a hydrotreating catalyst in the presence of a
hydrogen treat gas under effective hydrotreatment conditions to produce a hydrotreated
effluent having a sulfur content of about 50 wppm or less. The conversion stage
effluent can include at least about 50% of the hydrogen treat gas in the hydrotreatment
stage. The hydrotreated effluent can be fractionated to produce at least a kerosene
fraction having a sulfur content of about 10 wppm or less, a diesel fraction having a
sulfur content of about 20 wppm or less, and a bottoms fraction. At least about 25% of
the bottoms fraction can be recycled to the conversion stage as part of the bottoms feed
fraction. In the embodiment, the boiling point profile of the hydrotreated effluent can
correspond to at least about 40% conversion of the hydrocarbon feed relative to a
conversion threshold, the conversion threshold corresponding to the T5 boiling point of
the bottoms feed fraction.

[0009] Still another aspect of the invention relates to a method for processing a
hydrocarbon feedstock, comprising: hydrotreating a diesel boiling range hydrocarbon
feedstock having a cloud point of at least -10°C in a hydrotreating reactor by exposing
the hydrocarbon feedstock to a hydrotreating catalyst having a hydrotreating catalyst
cycle length in the presence of a hydrogen treat gas under effective hydrotreatment
conditions comprising a hydrotreating weight average bed temperature to produce a
hydrotreated effluent having a sulfur content of about 10 wppm or less; and cascading

the hydrotreated effluent directly to a dewaxing reactor, separate from the hydrotreating



foll omed by cracking and/or dewaxing is to cascade the effluent of the
desul furi zation stage into the cracki ng/ dewaxi ng stage w thout internedi ate
separ at i oNO 20h/23398t hod coul d all ow a singl e reactor toPadNse1OBKE6E he
desul furi zation and cracki ng/ dewaxi ng stages. Use of a single reactor, or
anot her configuration where a separator is not required between reaction
stages, can provide substantial cost savings in a refinery setting.
Unfortunately, the sulfur conpounds inga vacuumgas oil feed can reduce the
activity of many dewaxi ng catal ysts. This suppression of activity can occur
when the sulfur is part of the feed (such as being covalently Iinked within
a hydrocar bemc%a@dgmsefvnﬂnmﬂmmie@é@ynpgﬁwrwnméherﬁig@néa Fengget p dewaxinghe form
of a gas ph i - j Zatd - S. Thus,
't the enti CarurT ot ae oS Y O IR iSRRI B, o2
st age i ncl udewiaxizg Wegkhaveragedat adnyperaturs thokorm athy diotrppdddsndidagaxsfl cfflientcat al yst
can occur via.elt t b t i |

cubst ant al 19 Thar coe M ofal FRI A E TR o BhehaRn RAPT eerd e
process a giload pdinonf theadieseblfoilirggdngedrydrocdrben eadstdckad (ifipbth €ip emdb(@iol

Processi ng %%%%e%n a I{egpe%‘ 16s]oI {1] ﬁégr Iin%ijusd (? crf(p On%lrge nE)? e ﬁ%c?r})tﬁegﬁn ar%gctgpt% hod are .
provi ded for processing 3 %y f 6Car bon’ T eedst oc , suc ast 'y vacuum gas oi

f eedst ock. Tiepaysitlreniasid terppcnods diffnenat bawean thekwisétxaling adbe processed
using two reaction stages, (or groups of reaction stages) and

fracti onat of s e SR RSB e adh PSRRI S udorce bet ween
the reacti on0Xt agasr (e.g., Mo dbearsrE eh abohi 61PC ganatednhdnah@h}dyotadaliv t he st ages
to be housed in a singl reactor. The abseq& of interpedi t Sﬁparation
can reduce PHENEBEEH e%e@e%@rem@nwée%&ﬁ §r0rr8?aweic 'R HECE rfOEHS of

equi pment 1 godist €9 feHged e Rl, ACIRES 1 8% ddriger) kHanAROM e atotredth@ chtaB¥ of the
f eedst ock can be structured so that all of the feed initially flows into

one or nor ec¥aslsrethof %@F‘HWa]sbcyéﬁ’é@?ﬁngWétaLYSWiihOHb@G?PFﬁ#@E’SWPﬁ%%n be

perfornmed uggerol GoNGhdid féﬂcstoﬁilcﬁr%%iithV&wlaQinQ"czﬁ&i?‘ﬁ,ewﬁ%h LiR@S tealtoflices@b fraction
having a sul fur content of about 10 mp§n1or ess. The desul furized feed can

t hen be fraddenberhinetoqagpoyderdptacheand oypuisianpthgetipongilan Hapiidiigalat | east a

ker osene fr@g&gggﬂagmghg§§&dgﬁﬁﬁﬁdon, and a bottons fraction. A portion of
the bottons fraction can be used as a |ubricant feedstock and/or basestock.

Anot her por&ﬁﬁﬁFEﬁﬁﬁgﬁﬂqgﬁ%ﬁnfﬁﬁE@ﬁgkﬁ§§§a” be passed into one or nore
conver si on ; rvely | ow sul fur content, can be
sweet. Becap@dopf t Hegurei temdts deactidnuyitzatiiable foherfonping apblaessi nt o t he one
or nore hydrocracki and/.or conversi on stages can have a sul fur content of
about 50 mpﬁﬁpgﬁmi@g%?nTﬁgo%ntire effluent fromthe conversion stages can
be added toj[sthe] i npWigdrt DMemdts § bansieant taactichalybton. st age. The catal yst used
in the conversion stages_can be a dewaxi ng and/or isonerization, catalyst,
in order tol‘Blrlabi de FASUe? £RUTS Hesiefadimenh obhageadp WOp%%@rlxya@ge%ﬂngany f eed
that passes shddughglshehYidiBR TaGHBEnisE AgRSess hORLId @ (RORPen@EROdi MENt'S, a
reaction configuration according to the invention can provide at |east sone
of the beneﬁ‘?ﬂclgl of d1gHit ¢ Penidagiogier sphediment 9f 4 casprsded Byteastotonf i gur ati on.
I'n such embadiiRHife ald @ waQRY 8YsinPfliabR G DAl h LpdesyhdMrdifabiign st ages
can be located in the sane reactor. However, the s?ages can be arranged so
that the dedWCRYAT} zati on stages are downstream from the conversion stages.
Thus, the effluent fromthe conversion stages can be cascaded into the
desul f uri zaDESAIEERGESCRTAEONGF dHELNBODEHENT ST eed can al so be introduced
into the react or SO that the feed initially passes through the

desul furi za age. Thus, the input flows to the desul furization stages
can incl ude [math t heSourprocassiR@clscadhandhctitie gef dilsu@ntserive am ddascc@dnver si on
stages. In su nbodi ments, .the input flow to the conyersion stages can be
S ooyer et DG PR O R ot Rk S B I OGBPY It SORESSRbodi mont o
the inventi oterglaficRl oF @hatdmmhdtdh opriadystd 10ticahts avMRMmhiginiziag thkewedt and/ or

| ubricant cuts while both reducin épe anount of equi pnent angﬁéhe anount
of catal yst "{Hthe BEHHFLYSIER g%ﬂtoagf@ | capgORn AR 2RBeR T S ie thahks alehry e

confi gurati emnG@hcadph®dW¥ AEhcohRE: PPANRI Th@a atdicieaubl Hidezah bon stages to
be housed in a single reactor, thus saving on the anount of equi pnent
required. Wth regard to the catal yst volune, the inventive configuration
can allow the conversion stages to be operated as "sweet" stages having | ow
sul fur and/or nitrogen content. In part due to the | ow anount of

cont am nant s/ poi sons, the conversion stages can be operated with a | ower
anount of catalyst as conpared to a configuration where the effluent froma
7 desul furization stage is passed into the conversion stages. Additionally
or alternately, the space velocity in the conversion stages can be

S - o v o o - o 1



hydr ocarbon fractions can correspond to boiling points determned in
accordance with ASTM D1160. For boiling points in the diesel range and

ot her |i ghWDep1f1aw8i ons where ASTM D1160 is not as appr @pTitske,1/03%e0N D36
can be used. Feedstocks [0020]1n various enbodi nents, suitable hydrocarbon
f eedst ocks can include feedstocks boiling in the distillate range. One
exanple of a suitable feed is a diesel boiling range feed having a boiling
range from about 450F (about 232C) to _ahout 800F (about 427C). Another
exanple of a suitable feed is a diesel boiling range feed that includes a
kerosene cut. Such a feed can have a boiling range from about 250F (about
121C) to abbereligebie reduspaifungonet tost dosireddavst tvaeh @xesriae absut A0 sigpmabl e f eed
can be a hegyl .fﬁﬁathé?gulrtgn@eb%érug&th@%ean of R8s H&Et_efﬁglﬁ aRRAYt 2880)
to about 1100F (about 593C). her enbodi nents, distillate feeds with

ot her i niti &ecdowucleachbyonydirsign piohnfesd i lowenboiling paisdovenpoandiesh aisabe used. In
an enbodi me a eed can
be at | east % ou'rg(;1 %E@F‘H(ﬂo ﬁ%ﬂéﬁlﬁ%ﬁlﬂ%% gfats(%fﬂgebghdfﬂd%%@% agﬁf%?C), at
| east about pdlﬁﬁllém(tabhlut orR3IREB)hle aItOCctse&sﬁreablgmhyﬁﬂ@ﬁb()mf@wtanmaﬁ) or at

| east about 0 288 | r nat el T5 boiling
poi nt dés’t ﬁﬁrl%eatge féére % ur fg%tart3 i a%éﬁwgﬁ\t}\%(ﬁ/)cr?c b%ei ﬁe&?%can be at

| east about s%ﬁd:reéabbuﬁt fraétm@tpr cah tlieoa)smeaiboﬂ'actﬁﬁ%tl(eabmntttngb?&ﬁ}ct,mmt | east
about 450F abog& igg@ﬁ ) abtout 500F (about 260C), or at | east
about 550F (&péttc rlcﬂﬂdt’afﬁs S5FYS or i ndependently, the end boiling

pgi nt of thqlz(IIIS]stl I I(ﬁte@oteﬁﬁ@f?ne&l&ﬂdofﬁdﬂmh@ tﬁéoﬁi(sttoflaéﬁ&lﬁnﬁgabwhlfj&%@n o[) | ess,
about 1000F 0 538C ess out 900F (a t C) or Jess, about
800F (about %E’Y’él?}i’bfm% ?sandé‘?f dﬁb%ltg #@@Sgagsgﬁte?fgﬁbjﬂéaep@ggm % t her

addi tional | ¥tags in@t) thetaatifd/ Jowakihg sthESwhRduk tﬂt@mbalht@tseparanan Thik nRthodt he
tenperature at which 95 w % of the feed boils) can be about 1100F (about

593C) or | e§uld gyt singlgareciontodiptsedetice desulfpdaationy srackhgmdevatott 482C) or
| ess, about @RAF sabPilindte i&dtoLbr 4RERr cATigRRAM wilQOF sdpafaits i 1C) or | ess.
[0021]AI terna I?a/ hydr ocar bon feedst ocks useful according to the nethods
of the i nveftduied keaviCaacqclemstages.«an BOv e dibsntiy coHePingsdyp E8INCyt hese may

i nclude m nerale NYHERGAIROHe sﬁﬁﬁ%&%&%dsﬂl@%ﬂ%ﬁ?%ﬂ LR QRKSIheOr a

conbi nati on ther eof [0022] A m neral hydrocarhbon eedstock refers to a

hydr ocar bon afteeis of meky dovaxingdathlystm Ehigseppoission phrastivit Cﬁlg ocomwéan thonal crude
oil, shale g CiyRY ne or nore
separation and?o&agtt%qtﬁe%@ﬁ agg&h%%g}gis%tsl}bﬁ%g%%@ %ﬁ %Igclgr bon feedstock
sui t abl e f omoaleleiimths derd) mdﬁmdvhmﬂESukﬁlir i$ inghd fove of agm;p@aw cortaminaeiedst ock

wWith an initi |I|n S or at | east
about 600F gp%g%f)la Y&FS auH aélé’sts‘*% ouI%ZSB%F—S ?‘35%%5“15@ %ﬁt‘%&ﬁf; veI y, the
f eedst ock cdesulfericahan mtt&tnlmeﬂcatdydmltteabmgel1nahyiumg)a dTEtWaIXﬁl(gUtBﬂaB'dt to boil a

speci fi ed per,cent.age. of. t . For exa e te er.atur uired to
RO g B R g N e o e R T
of ot I onst “about %"223‘2“’“3‘32%'2“6%“@mef?‘é‘i‘?tmﬁtéﬁf‘”%“‘ﬁ‘%&é?éfé?@ 0 amorher
enbodi nent , P& pighep fo H?zﬁr‘%ﬁ"ﬁ&b’@‘&&@ééﬂ“& FOHEIRS PF%’S%]H‘%O?% poi nt of

about 1150F[(((ﬁ31lC) Qh vhresiS emB5dimbR tsy stddnd (Wfd)ar Oproti@&dtor Ploc@biapt 1050F
(566C) or less. Alternatively, the mneral hydrocar bon feed can have a

final boili ﬁ&Y%fataﬁtonofﬁedé%btsu%%@wawm offeadgieek. e supgutand150F (621C) or
| ess, or ab%tho@&@a@t%llb@%@@dst@& ‘Jo%%%roc@é’se@@s%gmbqgﬁt: ol §§%Qor%foub§§ts
Exanples of this type of feed can include gas oi |l s, C heavy gas oils
or vacuum gacign siages)iapgp ifrauiogﬁfpt | Tgtseah enppp Wﬁeataééltwmlgﬁmrutogu | I'at es,

and ot her ciyude dhachiiRNSadisy | thQes%’ncﬁ‘Pteﬁ%H WAl cRPbtoRRAy AdGGhe

[ 0023] M ner aI feedstreans can tend to have nitrogen contents from about 50
wppm t 0 abosgS00be hpised mfaorng&xrammre The hsentsob intSOcdipip seramstighoat 3500 wppm
from about t 2500
wppm from 2 8%&%&?0@98&%& fééfgggbedb&ﬂ%th%? %g{ﬁ}lltg)go b ﬁﬁt&%]o about
1500 wppm ﬁwr@mrod@mttansolnwppmbo@malbothb ﬂm@@ﬁthmﬁmlﬁtotk @mbabtm:ttur%smppm to

o about 3000 apprer” BB T8 SBR T o Bl AR BBP sty P om about. 75

wppm t o about 2000 wppm from about 75 wppmto about 1500 wppm from about
75 wppm to about 1000 wppm 9 from about 100 wppmto about 5000 wppm from
about 100 wppm to about 3500 wppm from about 100 wppm to about 3000 wppm
from about 100 wppm to about 2500 wppm from about 100 wppm to about 2000
wppm from about 100 wppm to about 1500 wppm or from about 100 wppmto
about 1000 wppm Additionally or alternately, mneral feedstreans can tend
to have suI fur contents from about 100 wopm to- about 20000 wppm for
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a biological raw material conponent, such as vegetable fats/oils, aninal
fats/oils, fish oils, pyrolysis oils, and algae fats/oils, as well as
conponentwoab11g2di8smat eri al s. Note that for the purpose®CofUseoi®ioecunent ,
vegetable fats/oils refer generally to any plant based material, and
include fat/oils derived froma source such as plants fromthe genus
Jatropha. The vegetable, animal, fish, and algae fats/oils that can be used
in the present invention can advantagegusly include any of those which
conprise triglycerides and/or free fatty acids (FFA). The triglycerides and
FFAs typically contain aliphatic hydrocarbon chains in their structure

havi ng f r omdgsuifgrizgor eandesrstfommedfuapetispyditions affagive & raducanblesrsa diegd exanpl e
from 14 to %%ctﬁarh*aeﬂgas%%nttwa@aoqt 1 &6ishn bPRLs. e slefiRd slauam bi ol ogi cal
raw material conmponents 1 nclude esters, such as fatty acid al kyl
esters (e. gthenpakEctamaicdro FoAETEY. Se%ﬁlﬁtw&oﬁchbiﬂt&@ qgeiridierostredithstioc k s

i ncl ude but e coconut
oil, Sunf|0&g%§%l En&l eﬁf%ﬂggﬁn]%,Qﬁm%ﬁ%ﬂﬁﬁﬁ%%gﬁﬁsﬁ%&%ﬁ%ﬁyﬁggg oiI,

tall o |, cos anlutvrlta,nt &a@itwk aod/br, bqsa?tmbphaotbeﬂpomonm the qOGPmbﬁamOh capl i ve oil,
fl axseed oi saff | N f.ald oil, rice
bran oil, ah%p?ﬁgﬁPlﬁgegrm’mco ffﬁa |%§ 1?%2?%% ’Bﬁhg?fﬁmﬁﬁe enbodlnent

t he bloconpcmeaﬁ &mbdszmkBﬁamwKﬁdkuﬂedaheﬂmnznmnehéymenhﬁvhuphdomnnpounds.

Li pid conmpounds cal ly biol ogic unds at are |ns uble in
wnber. ot Somi kR i 2 DN et SRS 5 Pl es o
such sol ventgpinngldgel eT 1ad dﬁﬁfbcﬂfﬁueneﬁblﬁ It coﬁ‘if’drﬁditﬁsftﬁg’eﬁl’ban&ielﬁylhedaﬁ ﬁie&hlﬁﬁ

benzene, i ns thereof_ Maj or class of lipids include, but are
not necessa?]f’ rmf fLB rglon plagg- yT@cJFHLYSt 1&?@ ARG beg‘“s (including
fats, oils aada;@ftg)ﬁwwtsbmbﬂﬁa}mn Seﬁilysﬁ!gﬁ%tdéﬁtoqﬁédﬂdaﬁfuhh&'b@ﬁeﬂt k&udi ng
cerantdes cerebrosi des, gangli osi des, phi ngaonyelins), steroids and

their derivAPPPERerties pham, eedeth?& PAYIEs tflm&ét ﬂ\fiétvfr\?e@cklfga%m%w ubl e vitanins,
certain arofghi7e C0q@@&ﬂ@émb&ﬁﬁ%ﬁ&QQ%@@%MBnﬁQﬁQH@M%a@&Hg%ﬁﬁ@&vmﬁﬁn"Vlng
organi snms, lipids generally serve as the basis for cell nenbranes and as a
f orm of fuer:arsttrewé@elm gt erbengfdpotifenylyupngtos sy bt e FRaEWT pr ot ei ns or
car bohydr at @8, 3H¢ibn af shfh dMdfRNR B cbﬁx@%@dn%a%%@%d%ﬁ@désﬁlﬁﬁ&%dﬁs acchari des.

[ 0026] Exanpl es “of vegetabl e oil's that can be used include, but are not
linmted to, skgpesebdlocaehiolths sapicircactopydewevcoithe stagos eambe agingedsufil ower oi | |
palmoil, p ig] e I corn oi

cast or 0|I %#g%éguﬁ%hgﬁlag%ﬂﬁéﬁﬂ%mgzkiﬁ%|Eﬁngﬁrg&¥ ﬁ%%gegﬁ%fh canel i na
oil, saffl omﬁluemtﬂrom thabasstsiani skages @h lbowasoided irdm thedeodfubragion siages. Veget abl e
oi Is as refggg S S OPREEELD CANARR L DFLIICRIORRTSRM, VoAR'ADLEg oL

mat eri al . es o rocesse ve et ‘etial include
fatty acids 1Iaﬁujlyfmﬁsb§/th&ﬁllghl tl&ldeyﬂfwzettmnstagd\l]&mls theshleutsﬂdwm thal | y incl ude

G -05 al kyl th \V pr ers are
oreferred (OUUTRYSRITES ot e i P dtmprietiet A ToSLARALETTHE Shur ar e
not limted cblﬁf,ersbme;fagéﬂtln 6ﬁoﬂilehm)w1meh1@ghé aiput(flar @)the donkdeiyn tages chi Ish

fat/oil, and chlcE g fﬁ The anlgg fats can be obtained fromany suitable
source |nclﬁﬂﬁﬁﬂe wdof otiggsdrogh e gd{ongiohduction facilities. Animal fats as

referred to[dmaBpi N ahsemd aﬁtdddﬁenw e6esatbidah ARb afl@l foMptciuttadn.of lon-1 i m ti ng
exanpl es of processed ani mal, fat material include fatty aci ds and fatty

aci d al kyl &8sty ef fup|apgjor @Qtleﬂlécwtwhl&‘ahqtlyrefiw&ta%a@unés eauigMentdder s,

or nmore of mRtMunt Glchilyst iANR BARAYIN LSLET Bs A& BO&S il ifEbntil0028] Al gae 0' | S
or lipids can be contained in algae in the formof membrane components,

st orage prodeitegratign eanpdlowheth theeonversiop gnhdegpldigizader gagesto hsdersedin ar | y

m croal gae gy gleqacfttettert%vﬁ;}ggn %%%Qﬁ%tf@(ﬁd@netﬁ%hﬁ‘édq WIRRGLIETA! |y hi gh

| evel s of |ipi sources for the ae oil's can contain varyi

amount s, e. gatalystvghan, (e daverivg oy asion ICitrptlt@gv thp ecgwersion stagtsdp bowei ght of t he
al gal blona ¢ g are not
limted to, %Erff%i % t?l‘@%t gtld‘%é(Plgflﬁgg)e{ﬁgwgdrnq%%gﬂgkét@g%i f}ﬁlp gléeuclft:l]i al gae can
i nclude a rhvdmphytefumhmmmmpﬁwmem;Heuene*mmm@mmyuelmmpmbeﬁhmhe

gl aucophyt e, | or h n te nonad,
dlnoflagellaﬁiﬁgpﬁ@lr chigg y&ﬁﬂﬁﬁ%g$g 8tgmm§§@&88c§%ﬁ$%apygﬁgghereof I n
one enbodi nent, algae can be of the classes Chl orophyceae and/ or

Hapt ophyt a. Specific species can include, but are not limted to,

Neochl ori s ol eoabundans, Scenedesnus di nor phus, Euglena gracilis,
Phaeodactylumtricornutum Pleurochrysis carterae, Prynmmesium parvum
Tetrasel m s chui, and Chl anydononas rei nhardtii. [0029]Bi oconponent
feedstreans can typically have | ow nitrogen and sul fur content. For
exanple a bloconponent feedstreantcan contaln up to about 500 parts per

- c .




- 12 - W% at | east about 25 wt% at |east about 30 wt% at | east about 35
w% at | east about 40 wt% at | east about 45 wt% at | east about 50 wt %
at | east wWbaot1/B359%t % at | east about 60 wt % at | east RODAIS2@5/09468H at

| east about 70 wt% at | east about 75 wt% at |east about 80 wt% at | east
about 85 wt% at |east about 90 wt% at | east about 95 wt % at | east about
97 wt% at | east about 98 wt% at | east about 99 wt% at | east about 99.5
W% or at |east about 99.9 w % Additimqnally or alternately, the m xed
feed can include about 99.9 wt% or |less of the mneral feed, for exanple
about 99.5 wt% or | ess, about 99 wt % or | ess, about 98 w % or | ess, about
97 Wt % or | dswifusigsion stag inpatseskiniodbesconxerpign stageswAdligienallyos altestitely: 85 wt % or
| ess, - about iRt AaREir] Ffke cPby {2:00Hh Y inkBSSd relfiOULo o/ Butibiafn | €S,
about 65 vvt%op | ess, % of | ess, about 55 wt % or Tess, about 50
W % or | ess whamhnefﬂoem\fr@mdhe deelslﬁlrlzatmtstagﬂt@ ms%itmo the senveesioptag8s W % or
ess, | 200Ut 12t ulinlc G Sthe By AR RLUERSr ol ROFAETBE LS Ock
can al so be ¢ racterlze ternms of other properties, such as cold flow
properties. OFdJueseea(lejmlIkeI;OSttnhéOIfaefedsltamoknt@énoﬂwamenaf pbucanpbaspdtodsf asat | east
about 20C, for exanpl 0 or at | east
about 35C. AddY rt"g‘ﬁé‘f nve““"m?ﬁmrhﬁat “he “8%“1““ E“%%}OS “%ccglﬁmh Vgg%pré’ﬁecgr omati cs
cont ent of @topble]astSucmbaouhnﬁlﬁovad%nokopomtxanple at | east about 30 wt% at

| east about % Wt h re 0 th ar omet .es con feedstock can
addi ti onal | yﬁﬁ? al t &P {gdsry g%ﬂl?% lifﬂfesé(b ?/\ﬁ |Pé°3 - Pr Y'fcs, for
exanpl e abouydlﬁ&rwn%aoﬁoﬂseslsc@fes@d@lowtt bdﬁﬂng/tpd}ﬁtoﬂettrﬁﬁﬁed ibesotdatigel vaig i on

[ 0032] One © urlzln stock js to hydrotreat the

f eedst ock. %&JBFP&%OZ%O{ ?tl%l?‘f’"?tﬁgttgﬁ @gﬁ‘ﬁg?ﬁﬁioﬁ?éﬁg@éoé%ctﬁ%‘t’lﬁreone or
nore beds ofasgat Bl y@tis hét a@@%o riaf) WS TV OR®Enartus®RNt stages. Optionally, one
or nore partial beds, full be and/ or stages of hydrocracking catalyst
can al so bepuseRckA hydrot r eat rrent process can typically involve exposing a
feed to a ca‘tgg;t‘a yg in the presence of a hydrogen-containing treat gas. In
some enbodi H¥20k, t He viryas embedimpiry sgigabéd lgyﬁtocetbﬂn fenddtesecangugludes not
necessarily 5éedm> k?% ﬁlﬂ%math&%ﬁtﬂ&t Jaﬁ%‘e’“t%&'e ARG 85 ﬁm%%lwe%d\qel&es%?t al ,
optionally deposi a a suppo ui f'e tal s can 1nclude cobalt

ni ckel , nol pbidiegramge feodlg&\ti@'a, baalirg m@tﬁtqmatboonﬁofhénbemeR?C)Soat@uerrbodl ment S,
t he hydrotr I n onI r only a
si ngl e GOU%@Q}’:FR%OW {12;7}’%? n¥le otsars%lgab?mﬁ&)lsadleseq b%‘ﬁmg rare eﬁude, but
are not | i mthaethcludgs asketcbsena:, cuSI $ucha-faaldt¢am have a-boﬂlﬁg-ran’gh tﬂnmrmouttzlst)‘aﬁhi a,

zirconia, and conbination r.eof 0 S0 enbodi nents, .nmul.tjpl.e beds of
cat al yst ca:q%ﬁet e@?}o\%ﬁ%“ﬁgﬁ‘g@rﬁfb&%‘lzgfé)c lgla% erbeé?lﬂﬁlef’ﬁ%“gt&h]g 58 " di £ f er ent
as gach ﬁt hesin Mhe@faeﬁﬁéc&lﬁa&(f&ig ahldwhtgirmtge ﬁbﬁd&b@ﬁtﬁatmatutsseeﬁmo £aot al so be
used wit in 033] The reaction co ns in a r ot r eat nent
stage can b 105 Zq%%t?é Itla R R lme@&uwt} el aler gl sRencht t he

f eedst ream phigihg p&ﬁtsamaﬁnht hyve eagtd AR beaRdi T Q{bﬁn&@ﬂndnﬂ@ﬁeuﬂﬁapne or nore
of : an LHSV from about 05 hr-1 to about 20 hr-1 gE)I e from about

0.1 hr-1to a%ta&tomttpfﬁlte ctstﬂlfatedﬁﬁgﬁEtf&tcaebesatﬂtastlab%t 2é8cfu(tabelt h2t or from

about 0.5 hfigd bGuiaBEUL( aBou@l’ﬂf C 1at ﬁastt%c%tlt 4§‘Wﬁr(ﬁﬁ§@395@)s§ﬂté£t fvo@m about 250
psig (about 1.7 NPag% to about ai% :_f?( Babout 34 MPag), for exanple from
a

about 500 pSPYF((aiset 60301101\,1“6\@1)“@@“ @G@g%ﬁ)gAé@b@@ﬂlym MPag) or from
about 1400 ) ); a

v ogen o r anpiCBAREEs Boifndbaml ane BRHEmAROR RIS KEEPS KM Sooo
scf/bbl  (84QaNpe3 By abalncl5&°Ft(ebqyei%ﬂt°G) @t enso b B F GHOR laat@uat I260C) to

bout 800F o f oot bout
700F ( about "SI 60 ARz, RBLERul BT ARG pa o R B 0, 20
3990). [0034a]bDu1r28r8§C)h3Adidotonaiatoremtepertdhlelysthlefeua'l bta'hnlg pmmtrorﬁgerdlsmdiawent s of a
feedstock are LRl Cal| Yk thS@’%O(ab fss%eéf“on tdl't) Fhout's Skoc)

hydrotr eat nment: reactor can be’ ¢ ions Prve AT ng the sul fur
and/ or nitr dgenbeoREmt(atmiut 482C5 ﬁéehs,tarbearﬁootm(aaamteh‘t?@dbﬂbm or dbhe sul f ur

about 20 wppih 51 ruL SPGB TpRURIREL o B B i Biar €S,

about 5 wopmor less. Additionally or alternately, the nitrogen content of
the feed can be reduced to about 20 wppm or |ess, for exanple about 15 wppm
or |ess, about 10 wppm or |ess, about 5 wppm or |ess, or about 3 wppm or

| ess. [0035] For bi oconponent feeds, the sulfur, nitrogen, and aromatic
contents are often relatively | ow Nevertheless, hydrotreatnent can al so
reduce the oxygen content of bioconponent feeds. Deoxygenating a feed can
avoi d problens with catal yst poisoning or deactivation due to the creation
of mater or carbon oxi des durlng hydroproce55|ng Substantlally
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have increased simlarity to a hydrotreated mneral oil feed. However, the
hydr ot r eat ed bi oconponent feed can typically have | ess favorable cold flow
properti esorelianss®e to a conparabl e hydrotreated m neralPCrasdo11Bicke t he
hydr ot r eat ed bi oconponent feed can have the viscosity characteristics of,
e.g., a diesel fuel, the cold flow properties can often restrict the use of
a hydrotreated bioconponent feed to, for exanple, a diesel fuel suitable
only for warm weat her applications. [Q&36]1n sone enbodi ments,

desul furization of the feed can also include use of sonme hydrocracking
catal yst. The hydrocracking catal yst can be included as part of a bed

and/ or st agéi-eeaﬁét temperatarors WhieH o8 tvt eent therfeedclila) apg be algyut hﬁ@?%@iba‘éki ng

catal yst caRobe)bhelUgied i%boaﬁl @89@;@%@%{3%@ (06005 F RBBuMsL DI mul tiple

desul furi zation stages. Exanples o rocracki ng catal ysts can 1 ncl ude,

but are not abeutrBOEH (2twut BATPpbrrtiess, ar abaut YAI°E (@wont BilAEny less.ckel |

ni ckel - cobal | yb - 0l | -
nickel-nDIyg%ggﬁn1cgﬁ%@%&ﬁggQQE%ggﬁgé%gﬁﬁggggﬂ!&¥ﬁhgﬁg€gébﬁgﬁgg ﬁnent, t he
hydr ocr acki tig igenadysin be adeniinigl asdadmg ¢kébkir smuceat thessasty indedeghinerahgst en and
nol ybdenum her | es of hydrocr.acki catal ysts can include nobl e

rot ol - cat al RS HEBMRIER, RlcaiRho e T PP fort el ed on ol ati num
and/ or pal | #&hi2em Pox oirerad pjrocarbomeftelsfoelt sferwtoiadiydroayrbbiefeodsedkf or bot h t he

nobl e and ngn-nqghl e net al.. hydrocr acki at al ysts ca rise a refractory
o e mmt er SRR TR GREARG Sy alighaf S e YT AL RO b
al um na- si | bponakly Balsgybuied tdioat GITAGE e¢jaratian Lt orfgR &Sinmg piéccaoNi A, Or a

conbi nation thereof, wth alumna, silica, and alum na-silica being
preferred ( &H’&erﬁﬁmﬁ%/!’ﬁ%?ﬁ(lsmg]é&lfa{"zéors‘iiﬁ BoPE crhedigris gt R eaige por e
faujasites suche afcdd¥k GaR anddidl boimiak byin0sf a8lche kbl S50PF S%?H@)?dr atl n an
enbodi nent, the hydrocracking conditions can be sel ected based on the

K
hydr ot r eat i HFSt@BAHPPEHS 10" caaDEERLHOVIIF MEATC)- YismMiydinthieat i ng
condi tions @%ﬁﬁ&%xﬁﬁb@@&@ﬁ&@é&ﬂ%ﬂﬁ@b&ﬁﬁ@ﬁ%ﬁ%@@ﬂ%@hﬂ&ﬁﬁﬁ%k&ﬂuﬁonditi0”5-

Sui t abl e hydrocracki ng conditions can include one or nore of a tenperature
from about POYEHI chBEdtedaSoCxampicoths fenpreadiya Feauirebimbab 8iieass S WatgT (about
0.5 MPag) 1t q raRqufere3Rl (PR I T68BGHAg ml\/l?@g% embOMRh HIRQGRN 1S present) a

hydr ogen-containing treat gas ratio from about 100 scf/bbl (about 17

Nn8/ nB) to AabdatarBodoedsiott eyl hayabbiiboi§udpanBf aBlpast avat et E HB0°Ex om about
0.05 hr-1t o0 I - I: can al so
be specifiegtggfg%ﬁg&gggg%¥k§%§§§%§%£gﬁgggggﬁﬁﬁggﬁ%gaggﬁ?%gﬁﬁgg ydr ogen
treat gas cam lpecadOf bdilisgpointifebeunél WEE (GA1LC) arddss.om abtuad ¥ HFBAS)cadi ng
the entire effluent, fr t ydrocrackjng st - s lnto th
desulfuriza?f%ﬁ*é’3%%%?&%b€?§§éﬁf§%$§d§%3ﬁ%ﬁgggﬁgﬁ§%¥%§%%p%%%rﬁ%ﬁfng gas
can al so be camiavod diagdoiling@oinhef abestul2DAAF (B42°Copor IsdsageboutThe0Fake- up gas can

correspond 20% or | es b ogen flow r ol Lhe

Goeu £ ot gl PRl YT Boif L L SRS el DS Mot dessagai 11 onal 1y
or al t er nat &kymplad ofl tkia stpe @abfead cQolode dabeild) ygbhogeeavl loamvilsat eadutiho t he
desul furi zati on, st.ages. n be hydrogen .that. is cascaded into.the

Gooul tur | 2aersisoy TPk BHEN RIS dRiud S S SRIE N Bkt | east
about 70% ohaahg de@ptopalebbiliBOngt.n an enbodi nent, the treat gas rate for

the desul furization stages can be from about two to about five tines the
amount of hyfP8hen Minpa! Cetritrrerapéindpabramitiect radmisEwia the stage. A
typi cal hydwﬁ;mahmm;mt@@ﬁl,@@fr&x&@?@% Abb@BoaRPHt toaBot 85dPRpprk,about 8. 4
N8/ nB) to about 1000 scf/bbl (about 170 NnB/n%é of hydrogen, dependi ng on
various f actfigmsabprciOaipaytolsheut 800 Vprim.tiedm ehout Hewpri thr aborf25pRappded bei ng
hydr ot r eat ey BaseS 0¥ hphBSE o RYIREY Spm, RN i8RR%0 xggpﬁn FAIBuCB00 RPphl OM about
100 scf/bbl (about 17 N8/ n8) to about 5000 scf/bbl  (about 840 N8/ ).

Al t er nat el y fromraboptr3@arppgaio abeiitd 0¢hwipie ffanpshoabGuvPH ifr abowt ABOWPPHi ve ti ne

t he anopunt &pg&?i gas rates
refer to thg%?g%g&gg%ﬂ§%f%§§%R?POML Jﬁ%%?ﬁggﬁyréﬁﬁgﬁﬁggfgﬁéS@L%ért of a
gas stream Hmw apgul Bseppnhimrbdd 3% hyprmodem atidne7$ wern tapheutr290e wppm, t he
overal | gas reamsan be | | 1 1,9h 0038 ndi.tions in

t he desulfuﬁiéﬁﬁﬁgﬁggﬁgbeggkéﬁqééVgﬁggégggé y?@%WQFQéE%%quﬁg“% %Vert at

| east a portion of the feedstock into | ower boiling conmpounds. In an

enbodi ment, the desulfurization stages can convert at |east about 5% of
conpounds in the feed boiling above about 355C i nto conpounds boiling bel ow
about 355C, for exanple at |east about 10% or at |east about 15% of
conpounds in the feed. Additionally or alternately, the desulfurization
stages can convert about 30% or |ess of compounds in the feed boiling above
about 355C into conmpounds boiling bel ow about 355C, for exanple about 25%

o I ~NNA7 o o ~ P ]



feed to the conversion stages can be a portion of the fractionated bottons
of the effluent fromthe desul furization stages. In an enbodi nent, the

i nput feadocan/nawe an initial boiling point of about 3BET/USROIgHNe®bEr, for
exanpl e about 370C or greater or about 380C or greater. Additionally or
alternately, the input feed can have a T5 boiling point of about 355C or
greater, for exanple about 370C or greater or about 380C or greater.

[ 0040] The catal yst for the conversion stages can be a catalyst that is al so
suitable for use as a dewaxing and/or isomerization catalyst. In other

wor ds, a dewaxing catal yst can be used in a stage that is operated under

ef fective hyi@ra®reciop mgprariaAbgut & ¢H\erns, dioncahedi H0sem 8beiy 3800dewaxi ng
and/ or iso a t i 0 e can
rovi de. T he Bl BB Bb e R ki ng.

Thi s can pr d8Ubepradiont dwal 109evmhi @@bﬁmﬂo@%@pmlfwm hpwt filopan foes of t he
effluent fr h r i / tion

catal ysts cgir;:aultt n?qu\leg)\ﬁ? o h8§ra§6ﬁg§ 0 “?E#ttg%oti B%ngﬁl%@s@ élll egr such as
crystalline ahtetrumlmasmbnab&t@ge?(mssmh netnésq haye salifuricogereh ﬂnmmbphd@@bvapr@s
(SAPOs). In | ec ZSM 5,
ZSM 23, ZSM%%Ou%}(I\B/ﬁ éléf(())f ef? nhl %’ru f géog O nablg%tn%p (lt)t fpo?%r exanpl e
ZSM 23 and/ abouZ S vﬂzﬁpmttdathout moa(b me;fr(ail almuna(toexlvppm tohaéomﬁlSé@wbpm, Si eve can
conprise or t he
i ng/ 1 sSREr Pod ol PR arbR st i P S Sl o B bR AN ec o ar

si eve such agphhise ahantl()@wpptnmeditﬁmnmo)ompmt ﬁbmlanstttan@ezpplhmewt titania,

silica, sili al um pa, r cani a i nati ereof In an

enmbodi ment , Wﬂe VR ey @é’ﬁt %cpz) pﬁtﬁoﬁg"m%@n‘i"%’m Haa B TPIYR t her eof in
anot her enbaskuTesio wipeh, BofdBbut0d0 wiBmith hisduk 20008 Wppdfrodiab&@nba, or a

conbi nation thereof [0041] One characteristic of no ecul ar si eves that can

i npact the APPMVP kP ?5QOH’éPH%Iffé?HtﬁbaPt 29D xpgm; tg apqud SP00 WPy rog) 3boply t o

al um na (Si héd 2. bpmt@a&ﬂm@ hlrrﬁatl,abtamoor%sﬁ% %ou%(ﬁ‘)‘(’)@xqﬁ)ﬁﬂﬁjaﬁVe a silica
to alumna rati o of about ‘1 or less, for exanple about 120:1 or |ess,

about 100: 13bgut P%%@pprambpuwoﬁ wippm) feig abgjit 3 5hppm 75bpuR00PRwepm,

Addi tional | Yroﬁlrab@httﬁb%&)@ t¥ ab&df"?SdU@'vﬁﬁ)HJ %m%'b&Yt%S@‘%V[Bpllﬁ% foAt Sddobca to
alumna ratio of | east about 1, for exa | east about 45:1, at
| east about V@Ql‘nlfromtabWéaé@ wapio ie a@Et 7150()a\tppme§9m ahp 3P0 BOpm to ghouf east about
65:1, at leg gggyt

dewaxi ng/ i sorrer |f{)ogrp%:baotl Ea s\?ﬁpglaﬁ%g{)m%wggé f ;n %%gflﬁé{ew%mn%)t al

hydr ogenat i ebpout 30fSomemt, or ﬁumhlbals 340 @ppmpo abolut 2(98tvglpm. Sui t abl e Group VI 1|
nmetal s can C by f Wen
oresent , éﬂﬂgzkup \r}ﬂa]]og mﬁonfmt fee’dstock’ re%’s’gg%a rloggﬁ(fnatte%c%%ck Berfvev\gé}mof t he
cat al yst vvela@hﬂqgufad)rawemaamﬁleompoﬂeﬁ!tastchabmgtetaﬁle&‘atm%, alatnal ﬁasiﬂs disbut 0.5
w% at | east1 abo 10 aml {t elast ahout 2. 0 a]il slt ]Sbtout 2.5
wt % at IeaStSQPS%’ t“sé“(% @};gae ats{olly V% 8&?0%"6‘%\2 S8 mﬁ‘te“?éa P*about 5.0
w % Addit | ﬂ{mafdryheqmr[ﬁ)lsés&ifﬂﬁi ﬁicymeltth&géﬁl@lumats\/d)ﬂslreﬂetﬁgeabranarb 4@t se about
15 wt % or ss.of th S or exanpl ut 0 % or | ess,
about 5.0 wharsareadb anCoud NN ot e SRR &35t o Bk #88. “apout
2.5 W % or l@fpha. abipUlecgdatile, WhithaDrfish,298 alg@¥ fadfld thal cdn Botu¥edin the@f&sent 0043] I n

sone enbodinents, in addition to a ‘Goup VIII hydrogenatl on netal, the

dewaxi ng/ i sdERHoRan advapiggeouyly inchudg any gfg hess vhighecompasediglyeariger®idqr . such as

W and/ or Mo gVeh aPiie e, Tha/@fgg@tltdés hifd m&ghy@aény%nwntam Ratier oup VI |

metal , the catal yst can include at |east abou %OF the G oup VIB

nmetal, for &xdapiteonghaingimdheipmgturehagingtdiogm $io Jocadong pesiaratdy Gogldy at | east

about 2.5 W @a&bdn@%ﬁex@ﬁ@fétfroﬁl QltWtZ%?cal%anl Qﬁﬁér OUE fefd PaMrdBerREq at | east

about 5.0 wt% Additionally or alternatel oup VIIl metal can

conpri se abdigm Roogicdlray matssigl @ﬁppm@tseaqla!e;fgttymdgms sfchras &ttampide about 15
w % or |ess, b 0 O wt % or

I ess, about p&{é‘}s}%% Wﬁi@%ﬁn out Eg g%m@/e o eé%@ﬁ()deﬁ%edsg’gg&hc@i | ess,

about 1.5 wb%mn¢té1gstedmraa¢smﬂt(0@0®l)m1%mbeaheé,ssoccbn*mtcﬂh@ulﬁlmmpment t he

catal yst can_i nc Len., ther epf

embodt ment - BPHLL S5 5byet Bloeltus i GRPR O R Gy 4 SRt oo gty

conbi nati on of Wand I\/b [0044] In some enbodi rrents a portion of the

catal yst in the conversion stages can be a hydrocr acki ng catal yst, such as

t he hydrocracki ng catal ysts descri bed above in the desul furization stages.

When dewaxi ng/i sonerization catalyst is present, its volunme can be at | east

about 30% of the total catalyst volune in the conversion stages, for

exanpl e at | east about 50% or at |east about 75% Optionally, the

conver 5| on stage can |ncI ude up to about 100% of a hydr ocr ackl ng cat aI yst

NN AT =l g, R



- 18 - conditions can be selected so that the overall conversion of the
feedstock from both the desul furization and the hydrocracki ng stages is at

| east abowio 240923398r exanpl e at | east about 50% at | ea®PCTASRUL/08B% or at

| east about 70% Additionally or alternately, the overall conversion of the
feedstock from both the desul furization and conversi on stages can be about
90% or | ess, for exanple about 80% or |ess, about 70% or |ess, about 60% or
| ess, or about 50% or |ess. Suitable cegmversion conditions can include one
or nore of a tenperature from about 200C to about 450C, a total pressure
from about 5 barg (about 0.5 MPag) to about 300 barg (about 30 MPag), (when
hydr ogen i si@etasalneljveilhflensergenl ewnrlian ail.satfloveneil, atpsyual @llpyofh Wsout 100
scf/ bbl (abg&goﬁndwﬁ%fﬁya&gmaggﬁﬁmgqggugcf/be (about 840 NnB/nB), and an
LHSV from about 0. 05 hr-1 to about 10 hr-1. Additionally or alternately,
the LHSV cah0038] at IIeasft eralingdipnen@  tis ltwcomponenafeeﬂféaé(tcaaboﬁlﬂe encQoripard.  Fur t her
addi tional | r I st ages
can be a1 SESer BpEhARLRAL LbNSRANE: KELRLIY pRlo e MRS
conflguratlonOMMEnmwohebeﬁbhmknnnﬁnmhwﬂhémﬂséumﬁuwkmdnmbmg@@&Qéspé passed
into the conpyer 4 od at .gas rate can
be based in ﬁ%r?kgﬁsyﬁ aké ? g%mﬁygggggﬁné%ygﬁﬁ%'s ?ﬁgzggnver5|on

st ages, pIusmhhﬁmammUmkmﬁﬂwbmddagenﬁomnbmmbdeﬂnnmbeodﬁsubﬁﬂyhzmtdon st age.

cascadi ng 1 K6 O By Ery g thae CanourElen B e e Gher s on st ae

can have an s@ﬁﬁ‘g&)ﬁﬁe-@érlﬂﬁdﬂpﬁlg@ﬁcluaihgce’:tﬂﬁidﬁi, cﬁ%brbsddb’spmghdsaﬁs hadsel ected to
be from about, .two to about ve tugps t he anmount tg consune d by the
g t ‘t"a%é

conbi nat i onsﬂtlnﬁoﬁgebﬁgxﬁéet@%%dé%r LYPMFUMTRHES g atiyey, 6tne

embodi ment, séiasle Gﬁzﬁﬁhﬂ@Eﬂtﬁlﬁla@ﬁlaﬁ@wﬁq{oﬁh@nar@ﬂ&lgdﬁﬁuﬂ A14bhbK ahd RikeSt BOES can
consune from about 50 scf/bbl (about 8.4 Nn8/nB) to about 1000 scf/ bbl
(about 170 RYBEREFNSMS, Hwtscs@%aﬂya@%ﬁathﬁ@a%%f%f‘rlt Berebrpags et &8 3 RENudi ng but
not |imtedofRicl NGaBatiypigs &h aldb®c &Rl co v@iﬂl BRRS oPLHRAY Sratch he t 1 eat
gas rate can be from about 100 scf/bbl (about N8/ n8) to about 5000
scf/bbl (absuth agapthpgamesipopspieisp ﬁ%ftlatoyolyﬁqﬁéhatlﬁi@%at gas rate can be from
about four fyg OUt1%&%@&&bﬁ%g&%ﬁe@ﬁQMQRaQBeﬂ%@%ﬂﬂﬁ@l&@m@%o?@ﬂﬁ%ﬂ?d Not e
that the above treat gas rateS refer to the rate of hydrogen fl ow.

hydr ogen i sr@emedéqae@lahal paybrangdil, gocgag oslt maﬁwtravh mjmloelssalmtkamell@b%

hydr ogen, e t.

o opor't1 onal 1y hFE nfed ofl o Qe hECRIELR fur iR o (ERAUERMBT ) 1 0 some
enbodi nent sﬂa@seééedsamdklaoamafﬂcmbebll,tHa.basmod)ll aadiomvpilk hiolvigedrdn dih a system
accordi ng tg ent | agrdin tock can
be |ntroduce§%Q:1601%”reesu %%F%aaP%ﬁgsCRﬂggﬂm%??‘wggggéPﬁgPﬁga'ion, t he
feed can fl Mntlmnang‘ mmpleonﬁprocesse\iazeg@ame @l oekgdl umlucb fmaznacbie asefay at ed out

possi bly incl i ght, end ctl ction, ker osene
Praction  a il alafesfr, PR PG T i g R aBe] Bikr 105 &38re & por i on o
t he bottonsnkﬂacbu@na@ﬁﬂoﬁﬁeﬂbﬁd&ﬂﬁd&n&ubr|cant basestock or feedstock. Any
remai ni ng portion of_ the bofto ction ca sed in e conversion
Cages. " ThalbbhP tenEr ety o ER e el R be et TuBobt e bR eel aged | nto
t he desul f ubbaiti@no s}, agemt (@dQ turkdi @ aEH ft/@NAndtHikIRH FataMye SRRArfaki on), and

then subsequently back to the fractionator. [0048] The bottons fraction can
correspond €4 B¢ %ﬁaalm fen ARy pitabhessonreeiinglyding regigiraytsand ssahprogictig | east

about 355C, tfltic@XARMaLraflas r@@sdd 8RO RO eI Rlc cetseaaﬂlmamuhatmc and/ or
that has a T5 boiling point of at Ieast about for exanple at | east
about 370C oondimifiggaemalss af rageed arel Fibmatsisl lﬂtla@fabha%%ﬁné&twespond to a
fraction of jtihendeaid h@bl%%rsQﬁ;lcam?%lt%@{@s%ﬁ@l LeferONEnr niRt by of the
desul furi zation and conversion stagés. The bottons fraction can exhibit one
or nore of nieéwl sthybwhdpropylsperstaiaytienet-act eri stics: a sul fur content of
about 50 wp | es ss (e.qg.
about 2.5 Wﬁ@ { eéggaqﬁ%g¥ﬁ &&§E§§?&ﬁ§£%%£%§9§:éﬁ?m%&g%g%gggr | ess); 'a
pour poi nt oommmutts, stcB@@Q!deuesSun@elae@bolltabduetrtaml:ﬁgal@trramsesa)wulabd a viscosity
i ndex of at u : S odi nent, a
portion of PL&Q%%%&B& ésfa?ago ?%1%1 %I%ED &&g‘Sé Qﬁ’b‘{ c%?})nalla '?11%% ggvcf?%mr t he
conversion stages, while the remaining portion can be used as | ubricant
basest ock or feedstock. [0049] The amount of the bottons fraction used as

i nput feed for the conversion stages can depend on the desired bal ance

bet ween generating | ubricant basestocks and generating fuels. In an

enbodi nent, at | east about 20% of the bottons fraction can be used as an
input feed for the conversion stages, for exanple at |east about 40% at
Ieast about 5096 at Ieast about 6096 or at | east about 7096 Additionally or

I B ~~NNn7 o Y T . o 4



for exanple at |east about 270C or at |east about 280C, and/or a T5 boiling
point of at |east about 260C, for exanple at |east about 270C or at | east
about 280%0 20ddi2si%enal |y or alternately, the end boil i ngCpaispai1foareet he

di esel fraction can be about 355C or |ess, for exanple about 370C or |ess
or about 380C or less, and/or the T95 boiling point for the diesel fraction
can be about 355C or less, for exanple about 370C or |ess or about 380C or

| ess. Additionally or alternately, theiend boiling point and/or the T95
boiling point for the diesel fraction can approxi mately correspond to the
initial boiling point and/or the T5 boiling point, respectively, for the
bot t oms f r aditidenAlgbroarcentor thyafpan dilkin sAnteiR &aryHz@OuBF, ¢ helrdm ddtonat i on,
there can be, §PaBR - B - f.gr ' fraction
and the boi%?ng /gﬁggﬁ%g?m?ﬁgmﬁggp%ggt@?g%%%gR?ﬁ%%gg%?#ﬁ%ggﬁgggﬁﬁ?raction
can have a slgh¢ oits cepncbide, tof arabolimigd toywpipcdylan and snultfcgHulanedgnsl e about 20

wppm or | es 0 Addi tionally
or aIternat%???agﬁgsﬁégﬁgﬁq%gggbﬁgﬁﬂggﬁﬂﬁg@ghg%ggﬁgﬁgkﬁﬁé§&§F’at | east
about 40, f tubopkempllaucaihylcecderaablouephd, cuttdoidi lopwiphyte.arypdm@rdat el y, t he
di esel fract;ion. can hav ud point. of about -20 - Less, for exanple
about - 250 o Om Bkl DeBRMe Je TBRPLaIA LTI 1 2l borl g
poi nt of at embadimeatbdpde chbBCHt thotlasxadibmphatcebeagior &apuaplbSRpecificat | east
about 160C, and/or .a .T5 boiling,.poi | east, about ,150C, for exanple
at | east ab@ﬁ?wiﬁ%tﬁgP‘%Buvﬁ%ﬁﬁhEWBEF”%%ﬁ%@”ﬁﬁ%??@@%ﬂﬁl%”8?£%VTbrnately,
the end boi Wingphel Bigldnalgridie, Reico8enuh fracthmmn, CadureraBeuted80C or | ess,
for exanpl e about 270C or | ess or aboq% éﬁoc or less, and/or the T95

boi | i ng poi AtVHEFHTRE By bLERE T bt PBhCUAHY BE A6 M ISHE or 1 ess, for

exanpl e aboy§028y0C ®iodo@Pond fRBAMEMLERGyREally @SS loAdGhddeR Bl duytudr
alternately, the end boiling point and/or the T95 boiling point for the

ker osene fr &2 HnFeamplsr DRPIPRIPENSN ESHTEAHSAYCIG R WRtoja8P 58P PHEI | i ng poi nt

and/ or the F& R®idni Y&t (vpprk)asREeh giﬂ‘ﬁ{er_ornfl efnikki&ndbRaingf raction. Note
t hat depending on the nature of the fractionation, there can be sone
overl ap bet #e8pewrs. Histcrd afniFagrgand ot sulfie thegrivenketqrpdemcoRPegat ithe boi | i ng

range for tRgoghasth f{eéd@g%tiy@g%ly[&%ékme KerQReRRhAGLhAR can have a

sul fur content o bout m of "l ess, for exanple about 15 wppm or |ess,
about 10 wppempeuniys Suitabhte boeumposenRedtsrms eangnclydsdipttd alreatl 1§/- By wt%
alternately i | d by -
21 P ame RO LR RO Rod Bl IR S GR0R CrREh B e i RERSPLEC Lbou
30 nm at | eastdvaiageousdybeahouols weppnk edlsss, prbably3HonmhOMa@sddrAessapht ha
fraction can,al .have a sul f ur nt ent of 0 15 mor. l.ess, for

exanpl o abod TG e M Rdrtél, B EPhat AR e R R T Riagl Fined 7L e
for the naphbfhdfup@rd icencaasin be nforahambiouppn, pecfrdblly inn gnopothait 5 efppa, €S
hydrocarbonp%p.%f at | east a oub 35C) to ab%ut116OCT§e.ﬁ.,t t O8bout 155C
or less or {87 aB8U VPBHAGPOIAL? VIR M RAIRY | SPPE RUPRE 1&"&, the end
boi i ng poi MppBAd/nadre tHag 200Gl inb hidge thai NI0 Wb, idw@oraimtJoavipba@t i on can
appr oxi mat el cor[espond Hﬁ Eﬂgqinitial boiling point and/or the T5 boiling
poi nt, resp&RTPGEPyo mgsurEie skilihsene fraction. [0055] A |ight ends fraction

can i ncl ude [@39gpr i ety vaious empeLIMeSs, al fokl ddflide@1de 86th AR &bI ERSEPoitar med
during hydrotreatnent such as H2S and NH3. The |ight ends fraction can al so
i ncl ude Cl- EMFYAPSESIDEE mizegl iRresasudnyixet frefs CampsoiiRdsicthatothave a

| ower boi |i g W0l $ihd Bisdbnigdfedt 8R! Bfelahed dt RAst about 93 wi%, at least about 1

wt%, at least about 3 wt%, at least about 5 wt%, at least about 10 wt%, at least about 15
wt%, at least about 20 wt%, or at least about 25 wt%. Additionally or alternately, the
mixed feed can include about 75 wt% or less of the biocomponent feed, for example
about 65 wt% or less, about 55 wt% or less, about 50 wt% or less, about 45 wt% or
less, about 40 wt% or less, about 35 wt% or less, or about 30 wt% or less. Such mixed

feeds can include at least about 10 wt% of a mineral feed, for example at least about 20



Sanpl e Reaction System [0056]FIG 1 shows an exanple of a reaction system
according to the invention. A feedstock 110 is introduced into

desul f uriwetoon23ivage 125. The effluent 130 from hydr ocPratRisegr188@mge 135
can al so be introduced into desul furization stage 125. The effluent 130
from conversion stage 135 can include excess hydrogen introduced 140 into
the conversion stage. Optionally, make up hydrogen (not shown) can al so be
added to desul furization stage 125. Theyout put stream 120 from

desul furi zation stage 125 can be introduced into fractionator 165, which

can produce a variety of cuts, including a |I?ht ends fraction 162,
optional |y & agiteascabpui2styitn atleast alzswﬁ(bwat |2y least plaguh & EVof 9t deastiabput166, a

di esel f rackh Q1A% ARuAHAN OT8as! LRGH 0008 WterdhaPRf 55 AP, LARa0f DOt LMD

fraction 170 can be used as a l'ubricant basestock /or sent for further
processi ng aBou 60 wihi a &nast abed @S dtk at Imsbatieer 70004, inbleast 8@ ubTS brt%,taorrs
fraction 17Q..cag,hgysod %f)}éasm)%uté% %, ERL Et%rut %W}araﬂe% §&f’%9%e

| ndependent Qf]'errpera ture ntrol - drotreati ng Separ at £rom DEWaXi n

[ 0057] I n anet kst ala;zslp%tvt‘)/ofat tche abony @R wit’o gt lasmdmt@@awtbomtléaedaouw% haV| ng
predom nantl y, di e il nge i |Iing
conponents, “ﬁén"rbaz?ea%t&@%‘%s?ggwﬁg %Addl%a)ﬂotl:% ?rr?af:ﬁn%ﬁg'o?qg oe%h?rdecg |ng and
dewaxi ng t01mhtdalahom9%9mt%tdr®a$ eﬁhamnhedaetf@ﬁ,efdr etaﬁﬂplmenbbﬁt@@ddu% or léss, such

rocessing, th r eatln t e f a se a
IElydr otreatgl ﬁ% lﬁgg}é’% ! “Ghd Quﬂgggg)&ﬁ?ﬁ?gb@tue%%@%obg %bcoolﬁgg:wfo/goﬁ separ at e
ﬂe\(/jvaxi ng reast, @bout@UWAtdﬁwggbbédtes ktmroolesgabiﬁtﬂ sefvidh wenrks, bisaunr b‘ve%) ]
rotreating reactor c e casc irect t hout tr t) to the
dgwaxi ng reélglte qubJ%QWf%/%OWﬁ?S at??BF%YY IhEOT 58S Hgﬁgewtu/oﬂrelﬁﬁn £ exer ci sed
over the COM‘thr(IH@§ abdsmeaedﬂmetb@g ab@tmea@%@tteseagowt4@mlot1e§saht>eﬁtregar di ng
hydrotreatin terrperature and dewaxin erature. [0058] Thus, accor di ng
to this aspégt""t(ﬁforteﬁ%aP?Wébt"’t%r‘i’“eas ﬁﬁtgt}? n%)%% Btl6essi ng a hydr ocar bon

feedstock caguzipcl udgeediitbSd cafi iRP bOENICEHRE] A RBf BiheH BSRItiBuLE N range
hydr ocar bon feedstock in a hydrotreating reactor by exposing the

hydr ocar bonaf ed¢iewereperica Ty graseniedhd fnglstosk sanigve p pouripeinppled ditle of a
hydrogen tr%@éut 9@1‘@ %‘@%m}ﬁ@ Bﬁ@atsl é‘o%uMSdéoérrl&a@de%ﬁ't%OGQ"&“ai IS RPMPr i Sing a
hydr ot reati ng g ht avera bed tenperature to produce a hydrotreated

ef fl uent ha@ﬁrﬁ‘gfa@annfalhyo tcttnewty,dtefeﬁ@eotk%hammmmatessont@tgfat about 20
Wppm or | esg,,g t%g%tzoﬁvwﬂﬁ%% éﬁ%éa’st%%%\%% \Qﬂgﬁt out 40 @id,.” WSS, about 8
wppm or Iess out Hess 5 wppm ess, or about 3 wppm
or |ess. Theegiayfdpdteraeqnatmgcwmnaltlyfsﬁes;dstwkic@gaeidlttonfébftorghsnatelmdxlebnt ective

hydr ot r eat I.S§ Q I n sone
enbodi nent ngg(% tg&wé fess argl%ﬁlcsnf%re)ﬁ paeva§§lgt5§ s[é’ %esgorgb ugbthc)an be from
about 550F (@about 2880) to about 750F (about 3990), for exanple f rom about
600F (about 31qC to about 725F (about 385C), from about 650F (about 316C)
to about 725FSYHEZONSg5y or from about 650F (about 343C) to about 700F
(about 371C]0032p059]@be>pdmeﬁ>etiesbtfhlhzintma feadygek ytd hodratréo meffeeistiock can be
characteriz i.p _one or of sev wa such as b oi |l i ng point,
cloud pot nt DesBriefin Bt Spshes Bidiah mnoone SreoR R gepbie "ot 't he
hydr ocar bon oﬁeadﬁtxecﬁtfdraa@t@au@tege@r 0p@6hally; ondRr did fastlal B&ds] fun@eqoi Nt of at

| east about 260C, for_ exanple at | east about 270C or at |east about 280C, a
T5 boil i ng oY pstages %tfthYﬂ@aefk%attlyszgee sopRgruseek APy BOtRAtMIABIOCEH G  270C or
at | east ab%caﬂ@@t@olv@er%@mQQ'feédQQa @th%t 119{he@{%@éﬁce Sﬁepgfci%geh—%@ﬁamfngr exanpl e
about 370C or |ess or about 355C or |eSs; or a final boiling point of about
380C or | eséeatizgy. Ié%@ﬁb?@b%@ﬁﬁts Srdudmireitagsaiglysp itclwsget 5rof ess.

Addi tional | }ﬁe&EsaﬁiirtIFf&%tt@|a>GroEﬁ‘91§h19téﬁa1fa%r'afGr9ﬁp ‘{/ﬁﬁml@tﬁﬂ Bﬁ%ﬁmpn feedst ock
can be at | east for exanple at |east -9C ' east -5C,~ at |east 0OC,
at |east 5CAeppsitddeistsupe. Suitable metsdssnn IBtde am}tmlclteémcﬁ@damulmost 25C, at
nost 20C, a «nﬂ% st 5C, or
at nost OC. tnf%g[g%] ﬁurt %ﬁatlggi%?%gﬁgm?%mt Odg{g%esé?l %39@‘% hea@& \9%%1 %an t he
met hod for pano@é}ssslngeé?rrdnwd‘t’l@oaﬁbl@mdfbeedsa@mkleéhnup W] mdel. Hugedond st ep of
cascading t hydr ot [ . . n actor,
separate frg%poﬁg“ai %?lae%&ga? i r?ﬁﬁgggg Jlor? ggn ltehg%%{}mg?\gﬁf&ég%néﬁdent
tenperature control therefrom to contact a dewaxing catalyst in the
presence of hydrogen under effective dewaxing conditions conprising a
dewaxi ng wei ght average bed tenperature to forma hydrotreated and dewaxed
effluent. The dewaxi ng catal yst and dewaxi ng conditions can include those
di scl osed herei nabove, with the dewaxi ng wei ght average bed tenperature
conprised in ranges simlar to the dewaxing tenperature disclosed

her ei nabove. Furt her nor e, the hydr ogen can be from a hydr ogen |n the

o a Y 1 N




as hydrogen treat gas). In sone preferred enbodi nents, the hydrotreated and
dewaxed effluent (typically after renoval of unwanted gaseous conponents
such as hyorogen3soRS, and the like) can exhibit (i) a eCous$2paiopiccnf at
nost -26C (e.g., -28C or less, -30C or less, -32C or less, or -34C or

l ess), (ii) a cloud point at |east 17C |ower (e.g., at |east 18C | ower, at

| east 19C | ower, at |east 20C | ower, at |east 21C | ower, at |east 22C

| oner, at |east 23C lower, at |east 24 lower, or at |east 25C | ower) than
the cloud point of the diesel boiling range hydrocarbon feedstock, or (iii)
both (i) and (ii). [0061] Advantageously in this aspect of the invention,

the nethod eklmitse ligpiactivoria asg combinatiars theeph xinrgmaenbetimenis magiélded

temper at ur € phs RtaliG8shn BGANAH AL (& Foata Sl @RRHme 8 ukRrAhRuL 61C
greater) than the hydrotreating wei ght aver tenperature. [0062]1n
this aspect e@ﬁh otlive bedhafesatalysin Mulhele hydipoeataent rstﬁgescstam albg/et usedwithiave a
hydrotreating gatalyst cycle Iength, which can represent the length of time
t hat product neeting desired characteristics can be econom cal ly obtai ned
fromthe red3a}f syéﬂemwwu@uamﬂmosuohha@ohemmengmgeaaﬂeCbnmﬂmed (|n such
configurati the.incr ature negce

aavant ageous Bsat SERIE BT s bl STRRERIGER FEARRRY daRifh et i ng
cat al yst cyebr&hﬂtcelsrgstﬂ“nnclaate &e oc o1sd Qfe nabHg VI forg esou( @05 helas 'abouﬂ% honger ,

e.g., at least 15%| | W l,opge | east 25W gnger, at
Ceast 300 I ongarngonanoy vy To el 0l *FESabo R Bac¥ Shser o P Sde: 506
:Ong?r 650a/t f@asdbomds llndngetrout ab htéas@tala@%dg?nlgersurteat?ont ﬁzl’i)ﬁt 2&6)Q%gt gg_gte_r altI
eas ol , eas onger r as on itionally
or alternat Z"’%utu]ﬁ a )28@%‘?”6%@1’“&(6?0%%@3@ ?ﬁSet‘%ﬂ OB %llag ép@ up to 95%
| onger, up bag%ﬂ%ﬂmg@rag) turabcttm&ﬁ%gsigcrag@tmWagpor%%éuaagmoo ﬁag up to 75%
| onger) than ggfratrve hﬁdrotreatrn catal yst cycle length of an

i dent i cal h&ad%t% Paglfo abrus PO psig @bt {4 Miash & hadipgentsa®s BIgd®tont rol i n

a singl e reasdiRnoddcon8l (M N’ AEYWVRabb& 5084 aéfmet(lsﬁmnﬁ/ﬂfﬁaﬁwt Mhibh separate
reactors cascaded but wth tenperature control in form a heater only

upstreantofﬁpﬁemﬁwdweﬂr@b@ﬁﬁ@)Pé&b#@?bgmdk@bhn§9§ﬂeﬁ?%@@@PFHBmﬂﬂéﬁt|ca
hydrocar bon 65@@3%099&13%%0%&&%@@5‘0&? B Serch Mdufoook {abb@ts7idgnti cal ,
hydrotreat ed and dewaxed effluent. [0063] FIGs. 3 and 4 show enbodi'nents
accor di ng t ¢ atebis783pabeutdP9the i nvention that show tenperature control of

the hydrotr LWng r r -

00647 11 F1 G0l S| TRERE by SERRURR, e M WU O ot S Shioek 2,
exchanger 4h®k@beemnwﬂgTheameﬁmﬁeedBMmeamh%mﬁqwmndﬁomcmpumdhalIy go through
E;g‘ﬁ Of?gg??%%ndﬁtéogg teffec? gg} %gth%?sulfg%%gg/t of & ?rhn%elrltzc %terltjteoff (threefe Qttre%lhql ng

hydr ogen- comi @i embvgirhang alic gisr @hfeaarfitinfotd sindemnddutal to ehcttaeo wapinydr ot r eat i ng

catal yst under effectjv rotrea itions hydr ot r eat ed
oftuent roneReagbe SbrLAl MRERORleT G IS bR R e b 4 FBRERS (Wi ¢ hout
treat nent) té@r Q)U@jibutﬁﬁ@plﬁ%leaﬂdAdﬂlﬁidnﬁﬁj‘zeﬂﬂtemﬁtle tHeeutdgwxdnlﬁglt oxaet or 460.
Optional |y, me hea romt he rotreated eff i_n line 435 can be
Cranstor r ed C?‘é‘éedrea}tf%df"rrabﬁe%&o %Bpeh%ta%rf%a%mp it ICHYARB} Wl*the slightly

cool ed hydr ebdtea@egp@fotldgeabo&smpmrcehass jodgbout Beyphindi ekss.eat ed ef fluent, if
optional heat exchaqg is not present) in |ine 445 can be brought up
to dewaxi ngl?aber atteF eowrmweattére &S]GF Suﬁeaeérog%en%aﬁmbec WPNFRERE of

i ndependent heRERLIVIKY. COALFRd1esk fy didheatiei@sh Bido FRAGLRE 0:486h chenar ate from
t he hydrotreatlng reactor 430. (Re-)Heated effluent can then flow through
| i ne 455 i nebbigesmepensiy fecda ey awetinghispdcantigoid erablemseyith cgdshded)

unreact ed h%ﬁ o%&‘ct&@t‘?on%@&&ﬂaé@t%&% Gty %Péar&a%fbxﬁféé b&ffi vely contact a
dewaxi ng catal yst” under effective dewaxing conditions. Optionally, the

unr eact ed htzmregeeﬁseagr %@S@mtmﬂwen@meutlaagwéfredetggwemce@esp@ndtthe dewaxi ng
reactor by I own), if
Gosi Tod, - Acoor ok sy e AR Bl g e PR O " Can
then exit t meY%ceWwaxiofd wt&éa@tlcﬁs,mlﬁbwt%@dqh dritoeleddBneagpttilpmdistipct sone heat
fromthe hydrotre ansferred
to feed 41510 hoperRanETAREE S TP st (RS s
hydr ot reat ed and dewaxed effl uent 500. FNdrotreated and demaxed ef fl uent
465/ 500 can optionally be further treated, e.g., in a stripper such as to
remove gaseous contam nants (e.g., unreacted hydrogen, hydrogen sulfide,
ammoni a, or the like, or conbinations thereof), and/or may be directly or
ultimately sent to a fuel pool, such as a diesel fuel pool. [0065]FIG 4
shows an alternate configuration fromFIG 3. In FIG 4, hydrocarbon feed
505 can optlonally go through heat exchanger 510 (becontng heated

r o, A -\ . o, . NN S 1



[ 0066] Additionally or alternately, the invention includes the follow ng
enbodi nents descri bed bel ow. [0067] Enbodi nent 1. A nethod for processing a
hydr ocar bwo 2bHed3398ck, conpri sing: m xi ng a hydrocar bonPCead201a®Beeg0 a T5
boiling point of at |east about 340C with a conversion stage effluent
having a sul fur content of about 50 wppmor |ess to produce a m xed

hydr ocarbon feed; hydrotreating the m xed hydrocarbon feed in a
hydrotreating stage by exposing the m xed hydrocarbon feed to a
hydrotreati ng catal yst under effective hydrotreatnent conditions to produce
a hydrotreated effluent -27 - having a sulfur content of about 50 wppm or
| ess; fract hayeanereaged smilpty tot hekietegtcd mingarpil feesl. dloueretha hydreteptedy
kerosene f r@fotcblﬂgbnfaﬁtvfbéwcaﬁ typitlaf iy hae Q8 BBl BROMw HBpMRRMLRfivd 695,

di esel fraction having a sulfur”content of about 20 wppmor less, and a
bot t ons fr acompamablé hydudtregted nioreldeasl. Velaly the isliretisated bioremprackideddaas
fraction, t QIE: - i Vil T b Ly i f at | east
about 3550;ﬂ%ﬁﬁﬂ%@%&%¥{?ﬁgw%hgﬁ%ggg.ﬁ§x$%gdﬂ§?§%?$%ﬁb?%ﬂ%@%@%gﬁhSiOn st age
by exposi ng ofttrerchiatttherescfod e ty drpactdddmdompancdeived fon tpr exnals s tdiasel dedl
effective conversion. condition . produce the conversion stage effluent,
wherein a b§W¥$kﬁmP&?§mergE%F%aéﬁm%ﬁgghydrotreated ef fl uent corresponds to
at | east ab@ai36p0% doraear ahlonlindntd Hesulyritabocastbnfct e e alselimtlideaist of a
conversion threshold, .the conversion thresho corres ding to the T5

bor | ng poi AR parakleeaREY dig hatriaR i Botan ERERIRRAPS S he mot hod
of enbodi nentd dnd/stkapeihbt dohRing GRdefr&itaent shtalge, aftfylitventkifoesalptanbeder go

separation prior to mxin ith the hydrocarban feed. .[ 0069] Enbodi nent 3.

The net hod (‘J‘TCIIL@%B]& %ﬁ?te%e%%mdé%@a? Wéﬁ‘? thy m\ﬁﬁ&? QFW%%%’“H’? Shydr ocar bon

feed does nokawpeRITaPdS@RARLChOF s EdnQficlide, Kl thic ab 18 ca®N kuppbMRI70] Enbodi ment

4. A nethod for processin%ﬁg hﬁdrocarbon f eedst ock, conprising: exposing a
g

bott ons f eeQafyHEEMBH MY etsobslimelyrylepii gebagimelybdeaickflout 355C to a

dewaxi ng Cahﬁ@%éioﬂﬂQéLn@E%@ﬁhh¥ﬁm?&ﬁM§H&k@ﬁmqmﬂﬁhihﬂﬁ@m&ﬂmﬁmﬁﬁﬂMﬁfsi0”
stage to forma conversion stage effluent; hydrotreating the conversion
st age ef f | udisthydireragkinggiabystgep aslufe rigkahand ah ffay omsofifgigstemgdooi nt of at | east

about  340C I @qbyl Qitﬁ&%mnﬁiﬂes%%gaﬁo&aekﬁgem 09::h AR IONYAE Sban St age
ef fluent and t'he hydrocarbon feed to a hydrotreating catalyst in the

presence of caalhiytinogbmiting exampirasf whide pre dicbelrsedan atanonéatprtladiuncondi ti ons
to produce §0R¥9£§é&?ﬁ&§ﬂﬂﬁﬁ%kH§ﬁ%bQ&%hﬂQb?ﬁé#%%ﬂ%gﬁ?ﬂ&%ﬁ%kﬂﬁmﬁboUt 50 wppm

or |less, the conversion stage e uent inc east about 50% of the
hydr ogen t r dpdrogagkingmatalysts bapdomprieatrefeastorsoadpenatérabmtudingtbutpt titnged
hydrotreated effluent t roduce, at . | t ker e fraction having a

st tur cont Snapitoicn MuBRSHES KRG BE Tt SRl BT AR S ¢ e
content of abobihatdf theppfwdth alvess, sicadaral ahoihosiBeafbemg pirefined gamd niosicycl i ng at

| east about 25% of _the. bottons fraction to the conversi stage as part of
the. bot ¢ oms SPRREY Aatfie pro e LARE e BB PGP Ter s St BT BB Ot he

hydr ot r eat edddifidnaliestalicasittle dpogrds I caibodimast thabalibcralify commnhstadn of t he
hydr ocarbon feed relativ 0.a canversi.on threshold, the conversion

Chr eshol o COF FOSORBINGY (15 " HE B GG Jor RO B o, f ced
fraction. - 28drot@daddonBibRdaimBddclcoted Bired ootk Oy d@biMclonoaditibdle previ ous
enbodi nents, wherein hydrogen included in the conversion stage effluent

cor r esponds Stipbithydeogeeking srpditipgsgansipgludecagsr @oseof pdgyreralys (fomggoyt of
hydrogen i nbp@dus @bt A5®@Ct DR BELQEE BethabELt SHR&G]about 0.5 MPag) to about
300 barg (about 30 MPag), (when hydrogen is present) a hydrogen-containing treat gas
ratio from about 100 scf/bbl (about 17 Nm*/m’) to about 5000 scf/bbl (about 840
Nm’/m’), and an LHSV from about 0.05 hr'' to about 10 hr™'.
[0037] A treat gas ratio for hydrogen can also be specified for the desulfurization

stages. In an embodiment, hydrogen treat gas can be introduced into the

desulfurization stages by cascading the entire effluent from the hydrocracking stages



[ 0072] Enbodi nent 6. The nethod of any of the previous enbodi nents, wherein
the hydrotreating further conprises exposing the hydrotreating feed to
hydr ocr ackOngiicesaByst under the effective hydrotreati n@CTarsdiiiosnsso

[ 0073] Enbodi nent 7. The nethod of any one of the previous enbodi nents,
wherein the bottons feed fraction conprises from about 25%to about 90% of
the bottons fraction, for exanple from about 25%to about 75% from about
25% to about 50% from about 50%to abesit 90% or from about 50% to about
75% [0074] Enbodi mrent 8. The nethod of any one of the previous enbodi nents,

wherei n exposing the bottons feed fraction to a dewaxi ng catal yst under
ef fective convbrsrohfudanansiagns Opbamly semeabeoyp hydrogra-wakindiasses eed

fraction t0afg‘oB@In%lobi&fedﬁf%m%'dééuﬂﬂn?anbﬂgt ERRL Mk RS R kaP O RhEfHI ar
sieve, the nolecular sieve conprising ZSM5, ZSM 2 ZSM 35, ZSM 48,

zeol i t e Bet 30%qr less elohbhyvkeden dlowhete adé thefdesuliaseation staggsi oy ex@8Mo%nd/ or
ZSM 48. [ 00 i , i h
[ B? ie?sng}%gj SRR, %ddl-{lal? %%@e&ga?glbglmg? 'agﬁ{g%%%,of m&%gﬁllggw ﬁi

hydr ogenati on nmetal Is se cted and
Mb, and N dlod rivo 1ra¢ndle\d.eSU[li®ﬁ7861]oEmbgﬁ3icmeh¢h}@®Qgefr Hat setdcadtdaito ey one of the

previ ous e”ﬂ@ uﬁf{iﬂa zah%ﬁ %tlage%][ff%le Pg %((%V)grls{(])g s{a R)?te}(a%lmf at':feagt a;bou C7tOI’/Oor E 0 a

dewaxi ng cat al Ve Convarsion conditions turthér conpri ses
exposing t hdaeahmlbbmra;ﬁ%f dedn émbagtimen, thotreat ggsdatedmrabé(dasglﬁﬁaatadnmgeycaﬂer

effective conyers conditio 0Q77] Enbodi men 1. The hod of any one
of the prevPbamaNar et Rt e B STk A S EPUPEP S ondi ¢ | ons
cgrrpr geba bamal@fﬁfdhrfeedhf'\lpﬂms;ﬂg?ul\ tﬁﬁ&h?h%&g@ééﬁhﬁnt%@b&anaoﬁsﬁﬁlaﬁoﬁf essure from
abou ar abou a ou
hydrogen-cog?éitgé)ﬁcg%&rég‘f“tggym 601%‘%?0(’)1 &tgbgoi&%ogtclfpi\g?h{lﬁgﬁut 17

N8/ nB8) to ab@uten>8POnEsRd &b&aino(lﬁia@tuis 1&4@1Mtﬁ@1lmlwdo 28 nhiuRN\ffikcom about
0.05 hr-1 tq about 10 hr-1. [0078] Enbodi nent 12. The net hod, of one of

the previ oud™dPBBANHEATIC ?ﬁ‘éh%l those nunbery the ferahgas re Fandieream ak{?BKdi tions

conprise an lbdﬁ‘ﬂbﬁlr(%u@@@}l{ﬁn3ﬁﬁa3§tofh'bod{ 5000 &Y (aBou® 84U N /). tQtRharddy,esSur e
from about 500 psig (about to about 3000 - 29 - psig (about 20.7

3.
MPag), a hydredtsegas &me eandicdtpnt %b@a'tf%grat@ apeyt ffige fime theapoypt Of_dmdr@é@rn/tam (17

N8/ nB) to %QQ&&@&Q@%&QH&P@E aﬁcﬁ%@reﬂ@é%’ref@ﬂg 1R L@ PRy AL §106 @M about
500F (about 260C) to about 800F (about 427C). [0079] Enbodinent 13. The

met hod of a,hydrggﬁgl ipflclivhred ps pasieefi ar@s girdbodiammadess than 100% hydrogen, the treat
gas rate for the overall gas stream can be proportionally higher.

[0038] The conditions in the desulfurization stages can advantageously be
effective to convert at least a portion of the feedstock into lower boiling compounds. In
an embodiment, the desulfurization stages can convert at least about 5% of compounds
in the feed boiling above about 355°C into compounds boiling below about 355°C, for
example at least about 10% or at least about 15% of compounds in the feed.
Additionally or alternately, the desulfurization stages can convert about 30% or less of
compounds in the feed boiling above about 355°C into compounds boiling below about

355°C, for example about 25% or less or about 20% or less.

Conversion Stage

[0039] In addition to desulfurization stages, various embodiments can also
include one or more conversion stages. These stages can be referred to as “sweet”
stages because the input feed into these stages can advantageously have a relatively low
sulfur content, such as about 50 wppm or less, for example about 30 wppm or less,

about 20 wppm or less, about 15 wppm or less, or about 10 wppm or less. The input



wherein the T5 boiling point of the bottons feed fraction is at |east about
370C, for exanple at |east about 380C. [0080] Enbodi nent 14. The net hod of
any one ovothea/ps¥sedi ng enbodi ments, wherein the boili RgTASROM/OpI6os i | e of
the hydrotreated effluent corresponds to at |east about 50% conversion, for
exanpl e at | east about 60% conversion or at |east about 70% conversion, of
the hydrocarbon feed relative to the conversion threshold. [0081] Enbodi nent
15. A nethod for processing a hydrocarbgn feedstock, conprising:
hydrotreating a diesel boiling range hydrocarbon feedstock having a cloud
point of at least -10C in a hydrotreating reactor by exposing the

hydr ocar bon fdcd éei8e seikvetsepngtaggsisan e e #pitiag of te Alagtimated hotignsepf pgtidtenkat i ng
catal yst cyglog th@@&ﬁﬂuﬁz@ti&ﬂ"ﬁa?@g.%%ﬂ%ﬁlb%inéntmﬁg rilgﬁ?fée& Edpday OASinHAL e
effective hyé)r otreatnent conditions conprisin hydrotreati ng wei ght

aver age bed bpidinppeiat afrabout §5ponigetates thyapopleabow d 7@ ¢rigeqater hmabiony a sul f ur
content of p - . i r gk, d effluent
directly togg e?/r\é%airllgg ghe(gé?ﬂgg?%g%%g@ée?)gﬁfeﬁgwt eé@%@@gta?tesgﬁf}%g react or and
t hus wi t h i pdeperbewtt3 St Ehpegratalrfor comptealbottl3@0ET orgmgatdror alont 2FCar dewaxi ng
catalyst in };ehper presence of hydrogen under effective dewaxi ng conditions
conpri si ng § ‘d&Vaxi ng wei ght average bed tenperature to forma hydrotreated
and dewaxed [@#D] uentThaastalygt 1 the eonvboiod spgésrthn bé a edtalp Stat isABCsuifabie) a cl oud
poi nt at Ie?st 17C | owner th(?n t he cltoud pgj Qtl o{ t he di gsel boi ling range
hydr ocar bon "' FEGETLER KGR SF 9T OSBRI By p T VoA Y heat er i s
optional |y iaelystdedbaasn st d @apntadt istdperabeddinddricefadtive gydreaadkidg 4nd/or

i ndependent IX control .a tenperature .di %ence bet V\egt%[]@;t he hydrotreating
and dewaxi n§OPERMNSPRdiILRs, Usthige demaripgeiRdlar ipmMarayen caigs'dy® bed tenperature

is at |east c@BGCrs@hadtiRkratBinGstagd daf frodRiRUke 2864 bdcIWonRlsingiRatar ) than
the hydrotreating wei ght average bed tenperature, and whereln the

hydr ot r eat i H§ivArarEckingc Tais payRyodycp addifionabbeaptity fioythegiolblloy Brogertiesst | east
15% | onger, opthekBRSht f?(Qi%hEQ&%fsion@tagl&e%ﬁabl%ﬁi%vlaﬂﬁ?%Bme@ati&@Mlys%o% | onger,
at | east 35% 1 onger, at |least 40% | onger, at |east 45% onger, at |east 50%
longer, at Fenseludsdyasnppilimigd (9. eriaculendsicotiees crattaliisadimpssiitatiger , at

| east 70% | Qngfks) o(PEili@&—alluﬁﬁﬁahgsﬁ%tésqﬁgﬁbg. 3 dh LhoR@hioY, (BE mBlcbasnately up to
125% | onger, for = - 30 - exanple up to 100% | onger, UP to 95% Il onger, up to
90% | onger , sigpe a0 c8BYtisconger SMup 4591-80%IN1gerSM I8, 2epliteBcr5964 onger) than a
conparati ve c&%ﬂﬁ’iﬁ&%‘%ﬁ&é&?foﬁé&%ye%dshﬁ%' ﬁd/h@i%ﬂs%dﬂﬁohﬁfg% 'af%éﬁJlately, .
hydrotreati ng catal yst w thout "in epengent tenperature control 1n"a single
react or al otlg nledulad eeexéangompatisl oy bt a (| membearingy b Denclwduidn ssepar at e reactors
cascaded bu | t er.at ur. ntrol in the.formof a ter. on upstream
of “he-hydr PPl S RSB orR AR ccbBolshf LBl R SR AR Bl Rt b bon

f eedst ock anrddvouichad hosmatiherddicstabovy faalinstanfe ahahink,deatid, sdika, sitiggr ot r eat ed

and dewaxed effluent.. EXAMPLES | EX le 1 0082] Tao il]ustrate the benefits
of an' enbod? RHE Grec oo pamRIetT DEhu er SREHRrS: B bR el "t pe
behavi or of aRntopanal éracospihesn hadoinsansthenenatddndht, nig: Kiddedtaneiebodi ment  of
the invention.. A confiqguration for the copparative systemis shown in FIG
2. Both the'lE8Rpsic ANy YombgtionRers g{)em accordi ng to an enbodi ment of
the inventi gg04¢pN r eRcREGBECSYIS LEABIYIliTiQBEhI QAR ififacBild adivity 8Ethk onat or .
The conparative system  as nodel ed, includes a hydrotreatnent (or

desul f uri zaflobisylastiages Bomtia atsilicade alyayng (ShAkt dganognbqdimentdhe eact or. A

feedst ock 23Q1R206r deydh 98817 sfilca ¥ AdQind iol JTabQAVERHof 184:Ofok Bimple
hydr ot r eat ment sta?e 225. The effluent 220 fromthe hydrotreatnent stage

225 is cascabed 174t or lesveatosh A0 Isordess. soag P03 Iegh.tom arut 7Hi 6f Ieesdi at e

separati on. A-ﬁﬁﬁioﬁ‘ili;yldi'%mma%gl?, the ABICEAS: FQOYET BhO1 st ARSI NinPA%iS §fal Nt O the
fractionator 165. The fractionator produces a light ends fraction 162, a

napht ha fradwpighoutéd:;], for Reanudedideadtahoutidsh, atdeast abodi ¥sblat pshehdubms:1.68, and a
bottons fracti . . 1.Ag.qt i-ggnt of the

i nventi on, gﬁg%g%%o%?gﬁ).%%{i g%ﬂ?%&%ﬁ%??&ﬁ%%%&%??&h% aﬁ%ﬁ%gg&% 75\52'5 nmodel ed.

[ 0083] For bdR042} he ddwdawvating/igomgriznern andyst tra abpsremlbcodndt amgetalo an

enbodi nent Qf . nvent i e { td i.nation of

t he desul fuf%?/%rgge?%%ﬁ&rcggn@? %‘%1’5%‘21 atsﬁdgﬂ\ég ngg?%fe%g gfug)%@? (E)} r 3“362%@’5%? génabout 50%
at about 355C. A conventional al um na-supported N Mo hydrotreat nent

catal yst was nodel ed for both the conparative and inventive systens. For
the catalysts in the conversion stage, a conbination of a USY catal yst and
catal yst containing ZSM 48 was nodel ed for both systens. The nobdeled ratio
of USY to ZSM 48 catal yst was about 2:1. Both the nodel ed USY catal yst and
t he nodel ed ZSM 48 catal yst had a ratio of about 65:35 of -31 -



catal yst to al um na bi nder
ZSM 48 cat al yst
nodel ed fwo 2botri2359%hus,
the order in which the feedstock passed through the stages.

Bot h the nodel ed USY catal yst and the nodel ed
I ncl uded about 0.6 wt% Pt. The sane type of feed was

the primary difference between Phg/USaMi1fyEtEenNs was
[ 0084] Because

the reaction conditions for both systens were set to achieve a simlar

anount of conversion,

the products fromthe fractionators in both systens

have sone simlarities. However, therejare differences in the operating

the required amounts of catal yst, and the product distribution.
[ 0085] Table 1 shows the properties of the feed used for this nodel
These feed pichise Pt iPdsNinepeorsembispigans thyrqofpMVase preseat thafieap VVAewtam gas ol |

feedstock, LaplgplisFhQuisRRbe: (TBLRL 020 ARES!igh FoAkbigIc @ R vl 92 Total

condi tions,

Sul fur % 3.0 T

rogen
0.3 wt%, at least about 0.5 wt%, at lecast about 1.0 wt%, at least about 2.0 wt%, at least

about 2.5 wt%, at least about 3.0 wt%, at least about 4.0 wt%, or at least about 5.0 wt%.
Additionally or alternately, the Group VIII metal can comprise about 15 wt% or less of
the catalyst weight, for example about 10 wt% or less, about 5.0 wt% or less, about 4.0
wt% or less, about 3.0 wt% or less, about 2.5 wt% or less, about 2.0 wt% or less, or
about 1.5 wt% or less.

[0043] In some embodiments, in addition to a Group VIII hydrogenation metal,
the dewaxing/isomerization catalyst can also include a Group VIB metal, such as W
and/or Mo. When present, typically in combination with a Group VIII metal, the
catalyst can include at least about 0.5 wt% of the Group VIB metal, for example at least
about 1.0 wt%, at least about 2.0 wt%, at least about 2.5 wt%, at least about 3.0 wt%, at
least about 4.0 wt%, or at least about 5.0 wt%. Additionally or alternately, the Group
VIII metal can comprise about 20 wt% or less of the catalyst weight, for example about
15 wt% or less, about 10 wt% or less, about 5.0 wt% or less, about 4.0 wt% or less,
about 3.0 wt% or less, about 2.5 wt% or less, about 2.0 wt% or less, about 1.5 wt% or
less, or about 1.0 wt% or less. In one embodiment, the catalyst can include Pt, Pd, or a
combination thereof. In another embodiment, the catalyst can include Ni and W, Ni
and Mo, or Ni and a combination of W and Mo.

[0044] In some embodiments, a portion of the catalyst in the conversion stages
can be a hydrocracking catalyst, such as the hydrocracking catalysts described above in
the desulfurization stages. When dewaxing/isomerization catalyst is present, its volume
can be at least about 30% of the total catalyst volume in the conversion stages, for
example at least about 50% or at least about 75%. Optionally, the conversion stage can
include up to about 100% of a hydrocracking catalyst, such as USY.

[0045] The reaction conditions in the conversion stages can be reaction
conditions suitable for converting at least a portion of the feed that has a boiling point
above about 355°C to components having a boiling point of about 355°C or less.
Additionally or alternately, the boiling point for measuring the conversion can be based
on the initial boiling point (or the T5 boiling point) of the portion of the bottoms

fraction that is recycled to the conversion stages. In an embodiment, the reaction

exanpl e.
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conditions can be selected so that the overall conversion of the feedstock from both the
desulfurization and the hydrocracking stages is at least about 40%, for example at least
about 50%, at least about 60%, or at least about 70%. Additionally or alternately, the
overall conversion of the feedstock from both the desulfurization and conversion stages
can be about 90% or less, for example about 80% or less, about 70% or less, about 60%
or less, or about 50% or less. Suitable conversion conditions can include one or more
of a temperature from about 200°C to about 450°C, a total pressure from about 5 barg
(about 0.5 MPag) to about 300 barg (about 30 MPag), (when hydrogen is present) a
hydrogen-containing treat gas ratio from about 100 scf/bbl (about 17 Nm’/m”) to about
5000 scf/bbl (about 840 Nm*/m’), and an LHSV from about 0.05 hr™ to about 10 hr™.
Additionally or alternately, the LHSV can be at least about 0.5 hr™' or at least about 1.0
hr'. Further additionally or alternately, the space velocity of the conversion stages can
be at least about twice as great as the space velocity of a configuration where the
effluent from the desulfurization stage is passed into the conversion stage.

[0046] In an embodiment, the treat gas rate can be based in part on the amount of
hydrogen consumed in the conversion stages, plus the amount of hydrogen consumed
in the desulfurization stage. In such an embodiment, because hydrogen for the
desulfurization stage by cascading the hydrogen through the conversion stage, the
conversion stage can have an excess of hydrogen. The amount of hydrogen can be
selected to be from about two to about five times the amount to be consumed by the
combination of the conversion and desulfurization stages. In one embodiment, the
combination of conversion and desulfurization stages 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 but not limited to the nature of the feed. Based
on those numbers, the treat gas rate can be from about 100 scf/bbl (about 17 Nm*/m’)
to about 5000 scf/bbl (about 840 Nm’/m’). Alternately, the treat gas rate can be from
about four to about five time the amount of hydrogen to be 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.
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Fractionation of Products

[0047] In some embodiments, a feedstock can travel the following flow path in a
system according to the invention. According to one flow path, the feedstock can be
introduced into the desulfurization stages. After desulfurization, the feed can flow to a
fractionator. Various product cuts can be separated out, possibly including a light ends
fraction, a naphtha fraction, a kerosene fraction, a diesel fraction, and a bottoms
fraction. At least a portion of the bottoms fraction can be used as a lubricant basestock
or feedstock. Any remaining portion of the bottoms fraction can be passed into the
conversion stages. The effluent from the conversion stages can then be cascaded into
the desulfurization stages (e.g., directly and without any separation), and then
subsequently back to the fractionator.

[0048] The bottoms fraction can correspond to a fraction that has an initial
boiling point of at least about 355°C, for example at least about 370°C or at least about
380°C, and/or that has a T5 boiling point of at least about 355°C, for example at least
about 370°C or at least about 380°C. The bottoms fraction can correspond to a fraction
of the feed that has not been converted in one or both of the desulfurization and
conversion stages. The bottoms fraction can exhibit one or more of the following
properties/characteristics: a sulfur content of about 50 wppm or less; an aromatics
content of about 5 wt% or less (e.g., about 2.5 wt% or less, about 2.0 wt% or less, or
about 1.5 wt% or less); a pour point of about -5°C or less (e.g., about -10°C or less);
and a viscosity index of at least about 90 (e.g., at least about 95). In one embodiment, a
portion of the bottoms fraction can be used as the input feed for the conversion stages,
while the remaining portion can be used as lubricant basestock or feedstock.

[0049] The amount of the bottoms fraction used as input feed for the conversion
stages can depend on the desired balance between generating lubricant basestocks and
generating fuels. In an embodiment, at least about 20% of the bottoms fraction can be
used as an input feed for the conversion stages, for example at least about 40%, at least
about 50%, at least about 60%, or at least about 70%. Additionally or alternately, about
90% or less of the bottoms fraction can be used as an input feed for the conversion
stages, for example about 75% or less, about 60% or less, about 50% or less, or about

40% or less.
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[0050] A diesel fraction can have an initial boiling point of at least about 260°C,
for example at least about 270°C or at least about 280°C, and/or a TS5 boiling point of at
least about 260°C, for example at least about 270°C or at least about 280°C.
Additionally or alternately, the end boiling point for the diesel fraction can be about
355°C or less, for example about 370°C or less or about 380°C or less, and/or the T95
boiling point for the diesel fraction can be about 355°C or less, for example about
370°C or less or about 380°C or less. Additionally or alternately, the end boiling point
and/or the T95 boiling point for the diesel fraction can approximately correspond to the
initial boiling point and/or the T5 boiling point, respectively, for the bottoms fraction.
Note that depending on the nature of the fractionation, there can be some overlap
between the boiling range for the diesel fraction and the boiling range for the bottoms
fraction.

[0051] The diesel fraction can have a sulfur content of about 30 wppm or less, for
example about 20 wppm or less, about 15 wppm or less, or about 10 wppm or less.
Additionally or alternately, the diesel fraction can have a cetane index of at least about
40, for example at least about 45. Additionally or alternately, the diesel fraction can
have a cloud point of about -20°C or less, for example about -25°C or less.

[0052] A kerosene fraction can have an initial boiling point of at least about
150°C, for example at least about 155°C or at least about 160°C, and/or a T5 boiling
point of at least about 150°C, for example at least about 155°C or at least about 160°C.
Additionally or alternately, the end boiling point for the kerosene fraction can be about
280°C or less, for example about 270°C or less or about 260°C or less, and/or the T95
boiling point for the kerosene fraction can be about 280°C or less, for example about
270°C or less or about 260°C or less. Additionally or alternately, the end boiling point
and/or the T95 boiling point for the kerosene fraction can approximately correspond to
the initial boiling point and/or the T5 boiling point, respectively, for the diesel fraction.
Note that depending on the nature of the fractionation, there can be some overlap
between the boiling range for the kerosene fraction and the boiling range for the diesel
fraction.

[0053] The kerosene fraction can have a sulfur content of about 20 wppm or less,
for example about 15 wppm or less, about 10 wppm or less, or about 5 wppm or less.

Additionally or alternately, the smoke point for the kerosene fraction, as measured by
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flame height, can be at least about 25 mm, for example at least about 30 mm, at least
about 34 mm, or at least about 35 mm.

[0054] A naphtha fraction can also have a sulfur content of about 15 wppm or
less, for example about 10 wppm or less or about 5 wppm or less. The boiling range
for the naphtha portion can be from about the boiling point of a C5 hydrocarbon (e.g.,
at least about 35°C) to about 160°C (e.g., to about 155°C or less or to about 150°C or
less). Additionally or alternately, the end boiling point and/or the T95 boiling point for
the naphtha fraction can approximately correspond to the initial boiling point and/or the
T5 boiling point, respectively, for the kerosene fraction.

[0055] A light ends fraction can include a variety of compounds, including
contaminant gases formed during hydrotreatment such as H,S and NHs. The light ends
fraction can also include C;-C4 hydrocarbons, as well as any other compounds that have

a lower boiling point than the naphtha fraction.
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Sample Reaction System

[0056] FIG. 1 shows an example of a reaction system according to the invention.
A feedstock 110 is introduced into desulfurization stage 125. The effluent 130 from
hydrocracking stage 135 can also be introduced into desulfurization stage 125. The
effluent 130 from conversion stage 135 can include excess hydrogen introduced 140
into the conversion stage. Optionally, make up hydrogen (not shown) can also be
added to desulfurization stage 125. The output stream 120 from desulfurization stage
125 can be introduced into fractionator 165, which can produce a variety of cuts,
including a light ends fraction 162, optionally a naphtha fraction 164, optionally a
kerosene fraction 166, a diesel fraction 168, and a bottoms fraction 170. A portion 172
of bottoms fraction 170 can be used as a lubricant basestock and/or sent for further
processing as a lubricant feedstock. Another portion 180 of bottoms fraction 170 can

be used as the input feed for conversion stage 135.

Independent Temperature Control — Hydrotreating Separate from Dewaxing

[0057] In another aspect of the invention, a hydrocarbon feed, e.g., having
predominantly diesel boiling range perhaps with some higher boiling components, can
be processed using a combination of hydrotreating and dewaxing to obtain a
hydrotreated and dewaxed effluent/product. In such processing, the hydrotreating step
can be first, in a separate hydrotreating reactor, and the dewaxing step can be second, in
a separate dewaxing reactor, even though the hydrotreated effluent from the
hydrotreating reactor can be cascaded directly (without treatment) to the dewaxing
reactor. In this way, more control can be independently exercised over the conditions
in each separate reactor, e.g., specifically regarding hydrotreating temperature and
dewaxing temperature.

[0058] Thus, according to this aspect of the invention, a method for processing a
hydrocarbon feedstock can include a first step of hydrotreating a diesel boiling range
hydrocarbon feedstock in a hydrotreating reactor by exposing the hydrocarbon
feedstock to a hydrotreating catalyst in the presence of a hydrogen treat gas under
effective hydrotreatment conditions comprising a hydrotreating weight average bed
temperature to produce a hydrotreated effluent having a sulfur content of about 30

wppm or less, e.g., about 20 wppm or less, about 15 wppm or less, about 10 wppm or
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the conditions for the overall reaction unit are set to about 50%

conver si on. by: aninitial boiling point of at least about 260°C, for example at least about 270°C or
at least about 280°C; a T5 boiling point of at least about 260°C, for example at least
about 270°C or at least about 280°C; a T95 boiling point of about 380°C or less, for
example about 370°C or less or about 355°C or less; or a final boiling point of about
380°C or less, for example about 370°C or less or about 355°C or less. Additionally or
alternately, the cloud point of the hydrocarbon feedstock can be at least -10°C, for
example at least -9°C, at least -5°C, at least 0°C, at least 5°C, at least 10°C, or at least
15°C, and/or can be at most 25°C, at most 20°C, at most 15°C, at most 12°C, at most
10°C, at most 6°C, at most 5°C,or at most 0°C.
[0060] Further according to this aspect of the invention, the method for
processing a hydrocarbon feedstock can include a second step of cascading the
hydrotreated effluent directly to a dewaxing reactor, separate from the hydrotreating
reactor and thus with independent temperature control therefrom, to contact a dewaxing
catalyst in the presence of hydrogen under effective dewaxing conditions comprising a
dewaxing weight average bed temperature to form a hydrotreated and dewaxed
effluent. The dewaxing catalyst and dewaxing conditions can include those disclosed
hereinabove, with the dewaxing weight average bed temperature comprised in ranges
similar to the dewaxing temperature disclosed hereinabove. Furthermore, the hydrogen
can be from a hydrogen in the dewaxing can generally include left over (unreacted)
hydrogen cascaded with the effluent from the hydrotreatment stage, but may optionally

come from additional and/or recycled treat gas containing hydrogen (abbreviated here



Table 3 Conmparative FIG 1 Configuration H2 Consunption SnB/nB8 268 222 H2
Consunption w% 2. 46 2. 09 Hydrogen Sul fide wt % 3. 19
WO 2011/123598 PCT/US2011/030660

-24 -

as hydrogen treat gas). In some preferred embodiments, the hydrotreated and dewaxed
effluent (typically after removal of unwanted gaseous components such as hydrogen,
H,S, and the like) can exhibit (i) a cloud point of at most -26°C (e.g., -28°C or less,
-30°C or less, -32°C or less, or -34°C or less), (ii) a cloud point at least 17°C lower
(e.g., at least 18°C lower, at least 19°C lower, at least 20°C lower, at least 21°C lower,
at least 22°C lower, at least 23°C lower, at least 24°C lower, or at least 25°C lower)
than the cloud point of the diesel boiling range hydrocarbon feedstock, or (iii) both (i)
and (ii).

[0061] Advantageously in this aspect of the invention, the method can be
conducted so that the dewaxing weight average bed temperature is at least 20°C greater
(e.g., from about 28°C to about 61°C greater) than the hydrotreating weight average
bed temperature.

[0062] In this aspect of the invention, the hydrotreating catalyst can have a
hydrotreating catalyst cycle length, which can represent the length of time that product
meeting desired characteristics can be economically obtained from the reactor system;
usually such cycle lengths are limited (in such configurations) by the increase in
temperature necessary to meet . In advantageous embodiments according to the
invention, the hydrotreating catalyst cycle length can be considerably longer (at least
10% longer, e.g., at least 15% longer, at least 20% longer, at least 25% longer, at least
30% longer, at least 35% longer, at least 40% longer, at least 45% longer, at least 50%
longer, at least 55% longer, at least 60% longer, at least 65% longer, at least 70%
longer, or at least 75% longer; additionally or alternately up to 125% longer, for
example up to 100% longer, up to 95% longer, up to 90% longer, up to 85% longer, up
to 80% longer, or up to 75% longer) than a comparative hydrotreating catalyst cycle
length of an identical hydrotreating catalyst without independent temperature control in
a single reactor along with dewaxing catalyst (or in a system with separate reactors
cascaded but with temperature control in the form of a heater only upstream of the
hydrotreating reactor), which system sees the identical hydrocarbon feedstock and
outputs an otherwise similar, if not identical, hydrotreated and dewaxed effluent.
[0063] FIGs. 3 and 4 show embodiments according to this aspect of the invention
that show temperature control of the hydrotreating reactor decoupled from the

dewaxing reactor.
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[0064] In FIG. 3, hydrocarbon feed 405 can optionally go through heat exchanger
410 (becoming heated feedstream 415) and/or optionally go through heat exchanger
420 (becoming heated feedstream 425) before entering hydrotreating reactor 430,
where it can be combined with a hydrogen-containing treat gas stream (not shown) to
contact a hydrotreating catalyst under effective hydrotreating conditions. The
hydrotreated effluent from the hydrotreating reactor can be cascaded directly (without
treatment) through line 435 and ultimately into the dewaxing reactor 460. Optionally,
some heat from the hydrotreated effluent in line 435 can be transferred to feed 405 in
heat exchanger 410, at which point the slightly cooled hydrotreated eftluent (or merely
just the hydrotreated effluent, if optional heat exchanger 410 is not present) in line 445
can be brought up to dewaxing temperature in heater 450. Heater 450 can be a means
of independent temperature control for the dewaxing reactor 460, separate from the
hydrotreating reactor 430. (Re-)Heated effluent can then flow through line 455 into
dewaxing reactor 460, where the left over (cascaded) unreacted hydrogen and the
hydrotreated effluent can collectively contact a dewaxing catalyst under effective
dewaxing conditions. Optionally, the unreacted hydrogen can be supplemented and/or
augmented in the dewaxing reactor by additional hydrogen-containing treat gas stream
(not shown), if desired. According to FIG. 3, the hydrotreated and dewaxed effluent
can then exit the dewaxing reactor 460 through line 465. Optionally, some heat from
the hydrotreated and dewaxed eftluent in line 465 can be transterred to feed 415 in heat
exchanger 420, thus forming slightly cooled hydrotreated and dewaxed effluent 500.
Hydrotreated and dewaxed effluent 465/500 can optionally be further treated, e.g., in a
stripper such as to remove gaseous contaminants (e.g., unreacted hydrogen, hydrogen
sulfide, ammonia, or the like, or combinations thereof), and/or may be directly or
ultimately sent to a fuel pool, such as a diesel fuel pool.

[0065] FIG. 4 shows an alternate configuration from FIG. 3. In FIG. 4,
hydrocarbon feed 505 can optionally go through heat exchanger 510 (becoming heated
feedstream 515) before entering hydrotreating reactor 530, where it can be combined
with a hydrogen-containing treat gas stream (not shown) to contact a hydrotreating
catalyst under effective hydrotreating conditions. The hydrotreated effluent from the
hydrotreating reactor can be cascaded directly (without treatment) through line 535 and

ultimately into the dewaxing reactor 560. Optionally, some heat from a hydrotreated
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and dewaxed effluent 575 can be transferred to the hydrotreated effluent in line 535 in

heat exchanger 520, at which point the slightly heated hydrotreated effluent (or merely

just the hydrotreated effluent, if optional heat exchanger 520 is not present) is in line

545. Hydrotreated effluent 535/545 can then flow into dewaxing reactor 560, where

the left over (cascaded) unreacted hydrogen and the hydrotreated effluent can

collectively contact a dewaxing catalyst under effective dewaxing conditions.

Optionally, the unreacted hydrogen can be supplemented and/or augmented in the

dewaxing reactor by additional hydrogen-containing treat gas stream (not shown), if

desired. According to FIG. 4, the hydrotreated and dewaxed effluent can then exit the

dewaxing reactor 460 through line 465 and can thereafter be subject to heater 570.

Heater 570 can be a means of independent temperature control for the dewaxing reactor

560, separate from the hydrotreating reactor 530, thus resulted in a heated hydrotreated

and dewaxed effluent in line 575. Optionally, as noted above, some heat from the

heated hydrotreated and dewaxed eftluent in line 575 can be transferred to hydrotreated

effluent 535 in heat exchanger 520, thus forming slightly cooled hydrotreated and

dewaxed effluent 585. Also optionally, some heat from the slightly cooled

hydrotreated and dewaxed effluent in line 585 can be transferred to feed 505 in heat

exchanger 510, thus forming even more cooled hydrotreated and dewaxed effluent 600.

Hydrotreated and dewaxed effluent 575/585/600 can optionally be further treated, e.g.,

in a stripper such as to remove gaseous contaminants (e.g., unreacted hydrogen,

hydrogen sulfide, ammonia, or the like, or combinations thereof), and/or may be

directly or ultimately sent to a fuel pool, such as a diesel fuel pool.

Additional Embodiments

[0066]

Additionally or alternately, the invention includes the following

embodiments described below.

[0067]

Embodiment 1. A method for processing a hydrocarbon feedstock,

comprising: mixing a hydrocarbon feed having a T5 boiling point of at least about

340°C with a conversion stage effluent having a sulfur content of about 50 wppm or

less to produce a mixed hydrocarbon feed; hydrotreating the mixed hydrocarbon feed in

a hydrotreating stage by exposing the mixed hydrocarbon feed to a hydrotreating

catalyst under effective hydrotreatment conditions to produce a hydrotreated effluent
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having a sulfur content of about 50 wppm or less; fractionating the hydrotreated
effluent to produce at least a kerosene fraction having a sulfur content of about 10
wppm or less, a diesel fraction having a sulfur content of about 20 wppm or less, and a
bottoms fraction; forming a bottoms feed fraction from the bottoms fraction, the
bottoms feed fraction having a TS boiling point of at least about 355°C; and converting
the bottoms feed fraction in a conversion stage by exposing the bottoms feed fraction to
a dewaxing catalyst under effective conversion conditions to produce the conversion
stage effluent, wherein a boiling point profile of the hydrotreated effluent corresponds
to at least about 40% conversion of the hydrocarbon feed relative to a conversion
threshold, the conversion threshold corresponding to the TS boiling point of the
bottoms feed fraction.

[0068] Embodiment 2. The method of embodiment 1, wherein the conversion
stage effluent does not undergo separation prior to mixing with the hydrocarbon feed.
[0069] Embodiment 3. The method of embodiment 1 or embodiment 2, wherein
the mixed hydrocarbon feed does not undergo separation prior to hydrotreatment.
[0070] Embodiment 4. A method for processing a hydrocarbon feedstock,
comprising: exposing a bottoms feed fraction having a TS5 boiling point of at least
about 355°C to a dewaxing catalyst under effective conversion conditions in a
conversion stage to form a conversion stage effluent; hydrotreating the conversion
stage effluent and a hydrocarbon feed having a T5 boiling point of at least about 340°C
in a hydrotreating stage by exposing the conversion stage effluent and the hydrocarbon
feed to a hydrotreating catalyst in the presence of a hydrogen treat gas under effective
hydrotreatment conditions to produce a hydrotreated effluent having a sulfur content of
about 50 wppm or less, the conversion stage effluent including at least about 50% of
the hydrogen treat gas in the hydrotreatment stage; fractionating the hydrotreated
effluent to produce at least a kerosene fraction having a sulfur content of about 10
wppm or less, a diesel fraction having a sulfur content of about 20 wppm or less, and a
bottoms fraction; and recycling at least about 25% of the bottoms fraction to the
conversion stage as part of the bottoms feed fraction, wherein a boiling point profile of
the hydrotreated effluent corresponds to at least about 40% conversion of the
hydrocarbon feed relative to a conversion threshold, the conversion threshold

corresponding to the T5 boiling point of the bottoms feed fraction.
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[0071] Embodiment 5. The method of any one of the previous embodiments,
wherein hydrogen included in the conversion stage effluent corresponds to at least
about 70%, for example at least about 80%, of hydrogen introduced into the
hydrotreating stage.

[0072] Embodiment 6. The method of any of the previous embodiments, wherein
the hydrotreating further comprises exposing the hydrotreating feed to hydrocracking
catalyst under the effective hydrotreating conditions.

[0073] Embodiment 7. The method of any one of the previous embodiments,
wherein the bottoms feed fraction comprises from about 25% to about 90% of the
bottoms fraction, for example from about 25% to about 75%, from about 25% to about
50%, from about 50% to about 90%, or from about 50% to about 75%.

[0074] Embodiment 8. The method of any one of the previous embodiments,
wherein exposing the bottoms feed fraction to a dewaxing catalyst under effective
conversion conditions comprises exposing the bottoms feed fraction to a catalyst
comprising a hydrogenation metal and molecular sieve, the molecular sieve comprising
ZSM-5, ZSM-23, ZSM-35, ZSM-48, zeolite Beta, or a combination thereof, for
example being ZSM-23 and/or ZSM-48.

[0075] Embodiment 9. The method of embodiment 8, wherein the hydrogenation
metal is selected from Pt, Pd, Pt and Pd, Ni and W, Ni and Mo, and Ni and Mo and W.
[0076] Embodiment 10. The method of any one of the previous embodiments,
wherein exposing the bottoms feed fraction to a dewaxing catalyst under effective
conversion conditions further comprises exposing the bottoms feed fraction to a
hydrocracking catalyst under effective conversion conditions.

[0077] Embodiment 11. The method of any one of the previous embodiments,
wherein the effective conversion conditions comprise a temperature from about 200°C
to about 450°C, a total pressure from about 5 barg (about 0.5 MPag) to about 300 barg
(about 30 MPag), a hydrogen-containing treat gas ratio from about 100 scf/bbl (about
17 Nm*/m?) to about 5000 scf/bbl (about 840 Nm’/m’), and an LHSV from about 0.05
hr! to about 10 hr''.

[0078] Embodiment 12. The method of any one of the previous embodiments,
wherein the effective hydrotreatment conditions comprise an LHSV from about 0.3 hr

to about 5.0 hr'', a total pressure from about 500 psig (about 3.4 MPag) to about 3000
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psig (about 20.7 MPag), a hydrogen-containing treat gas ratio from about 100 sct/bbl
(17 Nm*/m’) to about 5000 scf/bbl (840 Nm’/m’), and a temperature from about 500°F
(about 260°C) to about 800°F (about 427°C).

[0079] Embodiment 13. The method of any one of the preceding embodiments,
wherein the TS5 boiling point of the bottoms feed fraction is at least about 370°C, for
example at least about 380°C.

[0080] Embodiment 14. The method of any one of the preceding embodiments,
wherein the boiling point profile of the hydrotreated effluent corresponds to at least
about 50% conversion, for example at least about 60% conversion or at least about 70%
conversion, of the hydrocarbon feed relative to the conversion threshold.

[0081] Embodiment 15. A method for processing a hydrocarbon feedstock,
comprising: hydrotreating a diesel boiling range hydrocarbon feedstock having a cloud
point of at least -10°C in a hydrotreating reactor by exposing the hydrocarbon feedstock
to a hydrotreating catalyst having a hydrotreating catalyst cycle length in the presence
of a hydrogen treat gas under effective hydrotreatment conditions comprising a
hydrotreating weight average bed temperature to produce a hydrotreated effluent
having a sulfur content of about 10 wppm or less; and cascading the hydrotreated
effluent directly to a dewaxing reactor, separate from the hydrotreating reactor and thus
with independent temperature control therefrom, to contact a dewaxing catalyst in the
presence of hydrogen under effective dewaxing conditions comprising a dewaxing
weight average bed temperature to form a hydrotreated and dewaxed effluent having (i)
a cloud point of at most -26°C, (ii) a cloud point at least 17°C lower than the cloud
point of the diesel boiling range hydrocarbon feedstock, or (iii) both (i) and (ii),
wherein a heater is optionally included downstream of the hydrotreating reactor to
independently control a temperature difference between the hydrotreating and
dewaxing reactors such that the dewaxing weight average bed temperature is at least
20°C greater (e.g., from about 28°C to about 61°C greater) than the hydrotreating
weight average bed temperature, and wherein the hydrotreating catalyst cycle length is
at least 10% longer (e.g., at least 15% longer, at least 20% longer, at least 25% longer,
at least 30% longer, at least 35% longer, at least 40% longer, at least 45% longer, at
least 50% longer, at least 55% longer, at least 60% longer, at least 65% longer, at least
70% longer, or at least 75% longer; additionally or alternately up to 125% longer, for
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example up to 100% longer, up to 95% longer, up to 90% longer, up to 85% longer, up
to 80% longer, or up to 75% longer) than a comparative hydrotreating catalyst cycle
length of an identical hydrotreating catalyst without independent temperature control in
a single reactor along with dewaxing catalyst (or in a system with separate reactors
cascaded but with temperature control in the form of a heater only upstream of the
hydrotreating reactor), which system sees the identical hydrocarbon feedstock and

outputs an otherwise similar, if not identical, hydrotreated and dewaxed effluent.

EXAMPLES

Example 1

[0082] To illustrate the benefits of an embodiment of the invention, simulations
were used to model the behavior of a comparative system and a system according to an
embodiment of the invention. A configuration for the comparative system is shown in
FIG. 2. Both the comparative system and the system according to an embodiment of
the invention can represent systems with one reactor and a fractionator. The
comparative system, as modeled, includes a hydrotreatment (or desulfurization) stage
225 and a conversion stage 235 in the reactor. A feedstock 210 and a hydrogen flow
140 are introduced into the hydrotreatment stage 225. The effluent 220 from the
hydrotreatment stage 225 is cascaded into the conversion stage 235 without
intermediate separation. The effluent 230 from the conversion stage is passed into the
fractionator 165. The fractionator produces a light ends fraction 162, a naphtha fraction
164, a kerosene fraction 166, a diesel fraction 168, and a bottoms fraction 170. For the
system according to an embodiment of the invention, a system similar to the
configuration in FIG. 1 was modeled.

[0083] For both the comparative system and the system according to an
embodiment of the invention, the conversion ratio for the combination of the
desulfurization reactor and the conversion reactor was set to about 50% at about 355°C.
A conventional alumina-supported NiMo hydrotreatment catalyst was modeled for both
the comparative and inventive systems. For the catalysts in the conversion stage, a
combination of a USY catalyst and catalyst containing ZSM-48 was modeled for both
systems. The modeled ratio of USY to ZSM-48 catalyst was about 2:1. Both the
modeled USY catalyst and the modeled ZSM-48 catalyst had a ratio of about 65:35 of
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catalyst to alumina binder. Both the modeled USY catalyst and the modeled ZSM-48
catalyst included about 0.6 wt% Pt. The same type of feed was modeled for both.
Thus, the primary difference between the two systems was the order in which the
feedstock passed through the stages.

[0084] Because the reaction conditions for both systems were set to achieve a
similar amount of conversion, the products from the fractionators in both systems have
some similarities. However, there are differences in the operating conditions, the
required amounts of catalyst, and the product distribution.

[0085] Table 1 shows the properties of the feed used for this model example.

These feed properties were selected to represent a typical vacuum gas oil feedstock.

Table 1

Flow Rate m’/hr 200
Specific Gravity @ 60°F 0.92
Total Sulfur wt%o 3.0

Total Nitrogen wppm 800
Total Aromatics wit% 47

Pour Point °C >25
D1160 IBP °C 381
D1160 5% °C 390
D1160 10% °C 397
D1160 30% °C 425
D1160 50% °C 452
D1160 70% °C 494
D1160 90% °C 548
D1160 95% °C 568
D1160 FBP °C 586

[0086] Table 2 shows the catalyst requirements and operating conditions that

were modeled.
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Table 2
Comparative FIG. 1 Configuration
Raw Feed Rate m’/hr 200 200
Bottoms Recycled to
Conversion Stage m’/hr No 180
Total Hydrocarbon Flow
to Desulfurization Stage m’/hr 200 380
Desulfurization Catalyst m’ 210 210
Conversion/Isomerization
Catalyst m’ 1000 280
Inlet Reactor Pressure barg (MPag) 104.4 (10.4) 104.4 (10.4)
355°C+ Conversion % 50 50
Desulfurization
Temperature °C 357 355
HDC/Isomerization
Temperature °C 359 338
Recycle Gas Compressor
Capacity (Hydrogen) Sm’/hr 1500 1500
Make-up Gas (Hydrogen) Sm’/hr 350 303

[0087]

As shown in Table 2, the configuration according to an embodiment of the

invention provides several advantages. First, the amount of catalyst required for the

conversion stage is reduced from about 1000 m’ to about 280 m’. The temperature for

the conversion reaction is also reduced by about 21°C. This is due in part to the fact

that contaminants such as sulfur and nitrogen are removed prior to reaching the

conversion reaction stage. In the comparative version of a one reactor configuration,

even though the desulfurization reactor has largely converted the sulfur and nitrogen

into gas phase contaminants (H,S and NH3), these gas phase contaminants still appear

to reduce the activity of the dewaxing catalyst. Additionally in the comparative system,

the entire feedstock passes through conversion reactor prior to reaching the fractionator.

By contrast, in the configuration according to the invention, some feedstock passes

through only the desulfurization stage and the fractionator prior to being used as a

lubricant basestock. This is due, in part, to conversion of feedstock that is believed to

occur during desulfurization, which can reduce the amount of dewaxing catalyst needed

in the conversion stage in order to achieve the desired amount of conversion. It is

noted that the flow through the desulfurization stage is increased, but this increase in

flow is the already desulfurized feed that has been recycled and passed through the

conversion stage. Because the additional flow has already been desulfurized, the

additional flow is believed to have little or no impact on the desulfurization conditions.

Point C
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[0088] Table 3 shows data for the yields of the various modeled fractions

generated when the conditions for the overall reaction unit are set to about 50%

conversion.

Table 3

Comparative FIG. 1 Configuration

H, Consumption Sm’/m’ 268 222
H, Consumption wt% 2.46 2.09
Hydrogen Sulfide wt% 3.19 3.19
Ammonia wt% 0.10 0.10
C1-C4 wt% 5.47 3.70
C5-155°C Naphtha wit% 13.76 11.24
155°C-280°C kerosene wt% 15.32 15.45
280°C-355°C Diesel wit% 14.42 18.41
355°C+ Bottoms wit% 50.21 50.02
Total wt% 100.00 100.00
[0089] Table 3 shows that the inventive configuration can provide a number of

advantages. The inventive configuration requires a lower amount of hydrogen to
achieve a comparable level of conversion. This can be due in part to the reduced
volume of feed that passes through the conversion stage. The inventive configuration
also produces a lower amount of light ends and naphtha. Instead, an increased amount
of kerosene and diesel are generated relative to the comparative configuration.

[0090] Table 4 shows some product characterization for the model kerosene
product. As shown in Table 4, the kerosene fraction generated by the configuration
according to the invention produces a kerosene with an improved smoke point, which

indicates a higher quality kerosene product.

Table 4
155°C — 280°C Kerosene Comparative FIG. 1 Configuration
API Gravity 44.5 47.1
Specific Gravity @ 60°F 0.8041 0.7923
Total Sulfur (Products) ppm <5 <5
Smoke Point mm 334 37.6
Freeze Point °C -60 -60
[0091] Table 5 shows some product characterization for the model diesel product.

As shown by the cloud point data in Table 5, the diesel boiling range product produced

by the configuration according to the invention is suitable for use as a diesel fuel.
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Example 2
[0093] To illustrate the benefits of the independent temperature control aspect of

the invention, simulations were used to model the behavior of a comparative system
and two systems (FIGs. 3-4) according to the invention. A configuration for the
comparative system differs from the systems according to the invention in that the
comparative system has temperature control for the hydrotreating reactor linked to the
dewaxing reactor, i.e., is different from FIGs. 3-4 in that the heater is located upstream
of the hydrotreating reactor and after the dewaxing reactor or between the hydrotreating
reactor and the dewaxing reactor. Both the comparative system and the systems
according to the invention can represent systems with two reactors and one heater,
although it is equally possible for the comparative system to be a hydrotreating stage
and a dewaxing stage successively in a single reactor, instead of in separate reactors, so

long as the heater remains upstream from the hydrotreating stage.



D86 | BPdeg F155 D86 5%leg F300 D8610%leg F461 D8630%leg F519 D8650%leg F555
D8670%leg F578 DB8690%leg F627 D8695%deg F671 D86 FBPdeg F710 [ 0095] Table 8
bel ow show® 2bhié12888ul ti ng tenperatures fromthe simul at iPOM/USRA11i030660t ed
that the tenperatures indicated as "Inventive Configuration” therein are
representative of both configurations in FIG 3 and FIG 4. "WABT"

represents wei ght average bed tenperature. - 36 - Table 8.
-35-
[0094] For both the comparative and inventive systems in this Example, a

simulation was run on a mixed hydrocarbon feed (listed in Table 7 below) for an
operating pressure of about 1260 psig (about 8.7 MPag), a treat gas rate of about 3600
scf/bbl (about 610 Nm’/m’), a hydrotreating catalyst of alumina-supported NiMo
having an LHSV of about 0.9 hr'', and a dewaxing catalyst of Pt-ZSM-48 having an
LHSV of about 3.3 hr'. The simulation, based on refinery data, was used to estimate
temperatures in each of the hydrotreating and dewaxing reactors in order to keep the
sulfur content of the hydrotreated and dewaxed effluent (ignoring gas phase
contaminants) at a maximum of 10 wppm and a cloud point of -26°C or less and/or a

cloud point reduction from the feedstock of 17°C or more.

Table 7.
API Gravity 30.87
Specific Gravity @ 60F 0.871
Bromine Number g-Br/100g 3.3
Total Sulfur wt% 1.31
Total Nitrogen ppm 626
Cloud Point degF 15
Total Aromatics wt% 35
Cetane Index D976-80 45
Cetane Index D4737 44
Kinematic Visc at 40C cSt 4.23
D86 IBP degF 155
D86 5% degF 300
D86 10% degF 461
D86 30% degF 519
D86 50% degF 555
D86 70% degF 578
D86 90% degF 627
D86 95% degF 671
D86 FBP degF 710
[0095] Table 8 below shows the resulting temperatures from the simulation. It is

noted that the temperatures indicated as “Inventive Configuration” therein are
representative of both configurations in FIG. 3 and FIG. 4. “WABT” represents weight

average bed temperature.
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Table 8.
Inventive Configuration Reference Config.
HDS Dewaxing HDS Dewaxing

Catalyst NiMo/AI203 Pt-ZSM-48 NiMo/AI203 Pt-ZSM-48
WABT deg F 672 749 721 749
Inlet temperature deg F 603 746 640 746
Outlet temperature deg F 696 750 748 750
[0096] As shown in Table 8, either inventive configuration allows a much lower

hydrotreating temperature in the hydrotreating reactor than in the reference
configuration, which shows improvement of the independent temperature control over
the dependent temperature control configurations. Without being bound by theory, the
lower weight average bed temperature in the hydrotreating reactor is believed to lead to
reduced deactivation of the hydrotreating catalyst in the inventive configurations,
meaning that the temperature in the hydrotreating reactor would not need to be
increased as much to compensate for any catalyst deactivation, and thus an increased
hydrotreating catalyst cycle length can result. Based on a fit to actual refinery data for
hydrotreating catalyst, the hydrotreating catalyst cycle length in the inventive
configurations can be about 60 months, compared with a hydrotreating catalyst cycle
length of only about 36 months for the reference configuration. That represents about a

67% increase in hydrotreating catalyst cycle length.

[0097] While the present invention has been described and illustrated by
reference to particular embodiments, those of ordinary skill in the art will appreciate
that the invention lends itself to variations not necessarily illustrated herein. For this
reason, then, reference should be made solely to the appended claims for purposes of

determining the true scope of the present invention.
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a sulfur content of about 10 wppm or less a diesel fraction having a sulfur content of

about 20 wppm or less, and a bottoms fraction;

forming a bottoms feed fraction from the bottoms fraction, the bottoms feed fraction
having a T5 boiling point of at least about 355°C; and

converting the bottoms feed fraction in a conversion stage by exposing the bottoms
feed fraction to a dewaxing catalyst under effective conversion conditions to produce
the conversion stage effluent,

wherein a boiling point profile of the hydrotreated effluent corresponds to at least
about 40% conversion of the hydrocarbon feed relative to a conversion threshold, the

conversion threshold corresponding to the T5 boiling point of the bottoms feed fraction.

2. The method of claim 1, wherein the conversion stage effluent does not undergo

separation prior to mixing with the hydrocarbon feed.

3. The method of claim 1 or ¢laim 2, wherein the mixed hydrocarbon feed does not

undergo separation prior to hydrotreatment.

4. A method for processing a hydrocarbon feedstock, comprising:

exposing a bottoms feed fraction having a T5 boiling point of at least about 355°C
to a dewaxing catalyst under effective conversion conditions in a conversion stage to
form a conversion stage effluent;

hydrotreating the conversion stage effluent and a hydrocarbon feed having a T5

boiling point of at least about 340°C in a hydrotreating stage by exposing the
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corresponding to the T5 boiling point of the bottons feed fraction.
hydrotreating conditions.

7. The method of any one of the previous embodiments, wherein the bottoms feed

fraction comprises from about 25% to about 90% of the bottoms fraction.

8. The method of any one of the previous embodiments, wherein exposing the bottoms
feed fraction to a dewaxing catalyst under effective conversion conditions comprises
exposing the bottoms feed fraction to a catalyst comprising a hydrogenation metal and
molecular sieve, the molecular sieve comprising ZSM-5, ZSM-23, ZSM-35, ZSM-48,

zeolite Beta, or a combination thereof.

9. The method of claim 8, wherein the hydrogenation metal is selected

from Pt, Pd, Pt and Pd, Ni and W, Ni and Mo, and Ni and Mo and W.



5. The method of any one of the previous clains, wherein hydrogen included
in the conversion stage effluent corresponds to at | east about 70% of

hydr ogen wotzpodzg®d i nto the hydrotreating stage. 6. TIRETASRMABIWH0 any of
t he previous clains, wherein the hydrotreating further conprises exposing
the hydrotreating feed to hydrocracking catal yst under the effective
hydrotreating conditions. 7. The nethod of any one of the previous

enbodi ments, wherein the bottons feed_fgacti on conprises from about 25%to
about 90% of the bottons fraction. 8. The nethod of any one of the

previ ous enbodi nents, wherein exposing the bottons feed fraction to a
dewaxi ng catl@l Vlametherbef agy peccef thepredanseddmp ivhepmberpaps the amsieed exposi ng

t he bottons ' i Lii ' g et al
fegd L0605y el GO b fysociopign 1o

and nol ecul ar si eve, _ [ _
ZSM 48, zeokknposinBéheabottoms fped tatsionde # bydredreskengfeatalyst upder aftsetined of cl ai m 8,
wherein the g netal is selected fromPt, Pd, Pt and Pd, Ni and
W N and Nﬁ&xgﬁg%%?%%% Mo and W - 39 - 10. The nethod of any one of

t he previous, clains rein exposing the bottons feed fraction to a
owaxi ng oat ki BT BF PRt P Lo Sroa ReObite £ SFYF EFBBR compr i ses
exposi ng t heoheridn® 8Bmpraed téri@edtire firobnabdu i ROOTO &Y B I 430° G att@hlyséssurader

ef fective cqnversio %gégitions.

11. The t hod of any on f the previous
cl ai ns, whef@MbPHe Pt Ve MBI & %kiOBh3Q9(r)[‘EEﬁ (@bt 40 %%ﬁ)r’ ?gé‘%agetnérrper ature
from about 20Q&nig n@&%u@ raft® @om BohitaBkcHbeEBsIe 7 NS RPaHoudsopar g (about
0.5 MPag) to about 300 ba about 3 drogen-cont ai ni ng treat

g}; 3§ 0 MPag), a (51% r :

gas ratio fpreihehiseit 340dmser )3pf 2x BN troryabore)- Y e 2kayblft 5000 scf/ bbl
(about 840 NnB/n8), and an LHSV from about 0.05 hr-1 to about 10 hr-1. 12.
The net hod &2 Emymahed gfany hee gitkaprovsusallaimssyhewirethe efiedtive ef f ecti ve

hydr otreat Q&rogga%é:ntt ic?rﬂi?tio%g g%{l}%ésg GﬁﬂH%U%yo(\%a %Oogl% @g(ﬂﬁt t,g/%gglit@ro-l‘gr'ltao about 5.0

hi', a total’pressure froma psi g to about 3000
psi g (about t@d.preshfPatipm about\pdd pge (ebowrdt AMRag)go tisaad00§asigr(atiauo2d.¥ om about

100 scf/ bbl 7. NpB/ n8) to. about 5000 scf/ bbl / nd a

Lomper at ur e MBI STE s SOETT G 22ant B Saub i so8e (ahBET RS 1s.

The met hod aboua§oocs b f(840hempméc adi atgmpdraturearonnitenes 00°F dodiRebwi)l | ng poi nt

of the bottong feed, cti s at |east about 370C. 14. The net hod of any
Aoty [PSiad™

one of the pt erein the boiling point profile of the
hydrotreated effluent corresponds to at |east about 50% conversi on of the

hydr ocar bon 1$-e&be methed phaay vac efithe pigspdliresiabns. teeshr d5 bodigg paintafithtod f or

processi Nng el R&PEReN e fsd A6k 38REPr i Si ng: hydrotreating a diese
boi i ng range hydrocarbon feedstock having a cloud point of at |east -10C

in a hydrotreatin eactor b 0sli t he hydrocarbon..feedstock tp a
nyar ot reat i g S SrOEFSHEY ol TR eshirh g MRS BRRS R RS oR T che
presence of tla Hydohtregehefflu@atorgagondn dedt leaftfaboitis0w doydirdon efaherent condi ti ons

conpri sing drotreati i.ght average tenperature to produce a
hydrotreate§y£¥%Fﬂ§H$§H5@ﬁW§%éﬂﬁﬁ?Y%?0%gﬁ?@ﬁ& of about 10 wppm or |ess; and
cascading the hydrotreated effluent directly to a dewaxi ng reactor,

separat e fraom fHecthddPoRPesstinhyhydeeiton feedeoth cemRiEsi™8: i ndependent

tenperature copfd@leafif}e! &EdPMilidddange hydrocarbon feedstock having a cloud point of
at least -10°C in a hydrotreating reactor by exposing the hydrocarbon feedstock to a
hydrotreating catalyst having a hydrotreating catalyst cycle length in the presence of a
hydrogen treat gas under effective hydrotreatment conditions comprising a
hydrotreating weight average bed temperature to produce a hydrotreated effluent
having a sulfur content of about 10 wppm or less; and
cascading the hydrotreated effluent directly to a dewaxing reactor, separate from

the hydrotreating reactor and thus with independent temperature control therefrom, to



- 40 - contact a dewaxing catalyst in the presence of hydrogen under

ef fecti ve dewaxi ng conditions conprising a dewaxi ng wei ght average bed

t emrper at WO 2001/2859% a hydr ot reat ed and dewaxed ef fl uent PeaEWsS2@108)66@ cl oud
point of at nost -26C, (ii) a cloud point at |east 17C | ower than the cl oud
poi nt of the diesel boiling range hydrocarbon feedstock, or (iii) both (i)
and (ii), wherei n the dewaxi ng wei ght average bed tenperature is at

| east 20C greater than the hydrotreating.wei ght average bed tenperature,
and wherein the hydrotreating catalyst cycle length is at |east 10% | onger
than a conparative hydrotreating catal yst cycle | ength of an identical

hydr ot r eat i Agnteche dpyaenggaahstin thpiessaerdd iy dioeerperdat dfcetieol§ievngi n a singl e

react or al ong, i dnd cSEMRX] Ligth Weloht Mia;@bécvéﬁlﬁé&ﬁﬁe% f&:fpe 1 denti cal

?hgde%
hydr ocar bon teedstock and outputs an otherwse simlar, 1f not identical,
hydr ot r eat ediydnidcatisheast dewaed ifluant having (i) a cloud point of at most -26°C, (ii) a

cloud point at least 17°C lower than the cloud point of the diesel boiling range
hydrocarbon feedstock, or (iii) both (i) and (ii),

wherein the dewaxing weight average bed temperature is at least 20°C greater than
the hydrotreating weight average bed temperature, and wherein the hydrotreating
catalyst cycle length is at least 10% longer than a comparative hydrotreating catalyst
cycle length of an identical hydrotreating catalyst without independent temperature
control in a single reactor along with dewaxing catalyst, which system sees the identical
hydrocarbon feedstock and outputs an otherwise similar, if not identical, hydrotreated

and dewaxed effluent.



