1 METHOD FOR MAKI NG DI ESEL W TH LOW POLYAROVATI C CONTENT FI ELD OF THE

| NVENTI ON [ 0001] Met hods are descri bed bel ow for making diesel fuel with
reduced cwotenyi4efdepol yaromati cs, or nore specifically ®CThsderoma2bons
having three or nore aromatic rings. BACKGROUND OF THE | NVENTI ON

[ 0002] Commerci al |y avail abl e di esel fuels are subject to a variety of
regul atory requirenents that constrainlthe properties of the fuel. For
exanpl e, diesel fuels are typically reqU|red to meet one or nore
specifications related to cold flow properties. [0003] Another category of
requi rement s METHQIAEQR NLAKING DHESE I NG| WA Y ARGMAIHE CQNIEENRS a

restriction on the total nunber of polyaronatlc hydr ocar bons ( PAHs) present
in a diesel pit8) orArROHNGEQTRIN C hydrocarbon refers to a hydrocarbon
containing tWoO or nmore aromatric rings. Various types of hydroprocessing
reactions c@MNh¢tenﬂﬂahmyahﬁmaséﬂdbﬂowé@umﬁn@hmmaﬁmﬂ@mﬂMemmemémﬁmﬁ

hydr ocar bon }eqd.]%QQO%ku.S. Pa.eq# 2®.d6é3¢ 430 d@» i bes a thod for
processing & & &8RS 1"HE° ?Pa?ﬁlg‘&a YAy IRt R 8V ire EFeé’éﬁlobe ar%%%%%r ated into
a lighter amggheavier portion. The feed is described as nornmally having a
sul fur content of greater than 0.15 w% The heavier portion is

catal ytically dewaxed. The dewaxing catalyst may contain silicalite, M
zeolites, opAUKGROBNDORIPRISMENTEON Preferably, the dewaxing catalyst is
a non- zeolltlc nol ecul ar sieve essentially free of Y zeolite. The lighter
portion is ¥ to Gmundeibiegidadicst fulsérafq yhicirty avaiicsy effeaynmt i cs
saturat i on sk&Remdiieudl BRBLNCRC SARLIALIION EOFESSahblIFRE] (R A
preferably using a hydrogen to hydrocarbon ratio of about 5,000 to 18, 000
scf H2 per aiqaBy ragpiréddte deeberie of alssuiregontives RRG tinerldrElpw pewesicandar d,

n8/ nB). The Xin i erature at the
inlet to thé € X|%ﬁgggggggghﬁﬁq%ﬁ&%hgﬁgFg§§?§¥% Q%%EH? 0C3 hi gher than
t he tenper aspﬁcéﬁcatﬁonlshaacli 1l aettesttmndnhm tlaaertotarhnumisr sbpallyaadzmaom hxdoearb GIIMMVARY OF
THE INVENTIE@k éOOOS e aspect of f m ntlor e%q, S, 1.9.8, thod for
produci ng ald e¥ef a4 8% i s R&y OFlélé?lyﬁjéocﬁ R SURI DRG] Iﬁg range

feed by contaaiihing thder fieedromatib ri@igs. Various types of hydroprocessmg reactions can

potentially be used to reduce the PAH content of a hydrocarbon feed.

[0004] U.S. Patent No. 6,340,430 describes a method for processing a diesel
boiling range feed. A diesel feed can be separated into a lighter and heavier portion.
The teed is described as normally having a sulfur content of greater than 0.15 wt%.
The heavier portion is catalytically dewaxed. The dewaxing catalyst may contain
silicalite, MFI zeolites, or silicoaluminophosphates. Preferably, the dewaxing catalyst
is a non-zeolitic molecular sieve essentially free of Y zeolite. The lighter portion is
added to the dewaxed heavier portion prior to an aromatics saturation step. The
aromatics saturation process is described as preferably using a hydrogen to
hydrocarbon ratio of about 5,000 to 18,000 sctf H, per barrel of feedstock (about 890 to
3200 Normal, or standard, m*/m’). The dewaxing process is described as having a
temperature at the inlet to the dewaxing process that is at least about 50°F (30°C)

higher than the temperature at the inlet to the aromatics saturation zone.

SUMMARY OF THE INVENTION

[0005] One aspect of the invention relates to a method for producing a diesel fuel,

comprising: treating a distillate boiling range feed by contacting the feed with a



dewaxi ng catal yst under effective dewaxing conditions to forma dewaxed
effluent, the effective dewaxing conditions including a dewaxing inlet

t enper at We 2andi4d39dewaxi ng outl et tenperature, the dewaPCmgiscetmborst
conprising a zeolitic nolecular sieve and a hydrogenati on netal; quenching
t he dewaxed effluent; and treating the quenched dewaxed effluent wi th an
aromati c saturation catalyst di f ferent-%-han the dewaxi ng catal yst under
effective aromatic saturation conditions to forma product having a
concentration of polyaromati c hydrocarbons with three or nore rings of
about 0. 02 views e qatrdyst undeectésctivcdanpaing confiang tastermap devord ehvgnt thens

i ncl udi ng ot Se HER ihdilind 5 a5 Ofa b QURLxidhan the
dewaxi ng outfet tee S?%'&ﬁﬂégg%ﬁitﬁg&ﬁ %axggagﬁ#%ﬁ%ntd 9%§X1 enched
dewaxed effbu@ﬂtﬂmmﬂmbgﬂha@Whﬁbgmmdy@kommnpm;mzamnchehsMMﬁﬁﬂehmver than a
cl oud poi nt | [ e gt he
distillate Bg%Péﬁgnﬁgﬁgg’Fﬂ%ﬁnafkedgﬁ%%@ﬁﬂﬁw%éﬁg&%gpﬂ?p?ﬁ&% dor bot h

exhi bit a cdeesnet eftuenrwitf anpodnyairccamtaiion b@tdysodﬁfemnnslawmrdeWM@ or nore
rings of abo her he invention

el ates to SriiBteFOr B sl s e car o fue RGP et eati ng a

di still ate boickhtrgion angeydre@edichy doonbastwithghicher ﬁleedm\ga; bil’nbautd)smaxi ng
cat al yst undey ectlv dewaxi ng conditions. to. form a dewaxed effluent,
the effecti Wé"d’é@ﬁé%ﬂﬁge B%V&iaf‘?l%aﬁ‘g SPHERRYF lt‘Qn%l‘é‘ﬁBQ‘inﬁén Fﬁ?téﬁ‘tmp[eéar?ﬂér ature
andI a deWaX:tHﬁg1s?UIehﬂhbdu$H@’@’dlaﬁvblﬂr’]tﬁaan thb @evExwRXJuller t@rap@éry@twmaﬁﬁhesl ng a
zeolitic nolecul ar_sieve and a rogenati on net al in e dewaxed
ef f | uent; e @ﬁ@u@a@ﬁi&%@a@gﬁl@@ﬁ% oppqth Ereyifit ’WIP‘HP R @ﬁ%ﬂ c
saturation gat@owst thﬁiﬁ § bistepdintdranr didiglad @Vaixh RGE bdlang tvhbRdane ef fective
aromatic saturation conditions including an 1nlet temﬁerature for the
aromati c satisfbats beilinghinecdicsd: desiuprchpd davexebstdisnhgr pathekhibbaper at ure by
about 25C 0o dc@8iRatioh Bﬁpdlmr&&aticm&wfws%h%e& Bfemafeqmgg bfabd@todat i on stage
bei ng about 300C or |ess, wherein the dewaxed effluent, the quenched
dewaxed ef f M@t mog- both exhibit a cloud p0|nt at least 10C |l ower than a
cl oud point il e OF THE
FI GURES 6@%@ nsowe#s%a%l 81Ie 1ﬁd39%(g1as%ﬂ§e% ex%ethFﬂOEE ro%%@ Elll_%)g\lsyst em
sui tabl e forfuthcomessnglgtrecaﬁn@a thlytniiam:lanllu@ram@efdedéaymomdctng theafeechmth aventi on.

[ 0008] FI G schena reaction SU|tabIe
For ot oboss Bem SO @ Ghate RSN BRaThE I «frshf RSt RDa AR
2011/143396Bﬂ&ﬁ@@ﬁ&&&h@ﬁﬁﬁ&ﬁm&1@9&&&3fﬁ&hmﬁg&ﬂbﬁﬁ@ﬁﬂﬂakhydshaw&n&n exanple
of a reaction,system sui e for oceSS|n of ar bon f

Stcord: oy t S LSRR AR G B B et el BT AR B hER

Overvi ew [0@;&}1@@@&@1 mgalt ﬁl@na}[’[ﬂghh'é d%a@@bﬁﬁéﬂﬂﬁfdltfeaﬁﬁgih@qwhblwds haVI ng
three or nore 8 icrin |ncrea§gg%ajnterest in future years.

Convent i onarwaxe sHue Wit aff lf:aetalraﬂal% gAYt hthan theidpwaxieg esel  f uel

has been suththiGit@nticrteBe&Rt lafnatiy Mthrtish doR@bml ihNGng HOMRY RBinpefafige SaMe
techni ques used to control total aromatic content nay not be sufficient to

address f ut derdhcBpREGTeFRga T HgepdTopuie Aat Penaipigt 6@8?‘6@%byr?é’9wng three or

nor e ar omat heec hEGS; the inlet temperature for the aromatic saturation stage being about 300°C
or less, wherein the dewaxed effluent, the quenched dewaxed effluent, or both exhibit a

cloud point at least 10°C lower than a cloud point of the distillate boiling range feed.

BRIFF DESCRIPTION OF THE FIGURES

[0007] FIG. 1 schematically shows an example of a reaction system suitable for
processing of a hydrocarbon feed according to the invention.
[0008] FIG. 2 schematically shows an example of a reaction system suitable for

processing of a hydrocarbon feed according to the invention.



[0011] One type of diesel product that may be of concern is winter diesel
and in particular winter diesel for use in severe climtes. For exanple,
some conweaRDOMEB39di esel fuels in the United States canPhawsS2@1ob@ud poi nt
of from about OF (-18C) to about 25F (-4C). In sone climates, however,
tenperatures can be well below OF (- 18C) during the winter. To acconmodate
t hese severe environnents, diesel fuel$-can be made with cl oud points

bet ween about -40F (-40C) to about -60F (-51C) or lower. Such diesel fuels
can be produced by dewaxing a diesel fuel feed, but dewaxing processes can
sonetines r¢@WN i n FAddi schomatically shomtsiat cxanple efta rovtiodsidioni smable foror
alternately r ce a diesel fuel product
with an und® g??%%@g?gg 8n rgggg%w8§$ﬁ%(”ﬂ$gﬁéqgﬁ hydr ocar bons having three
or nore rings. In order to neet future needs it can be desirable to have a
process tha product having both a reduced

cl oud p0|ntE¥ﬁaﬁLBb" ' s ' sromat1 ¢ hydrocarbons. [0012]1n
vari ous enmbadkrémt s, net hods are prOV|ded for produci ng a di esel fuel

product . IIate bai l i ng ran feed can he hydraprocessed under

dewaxi ng co%@ﬁp'ons]?HP@bﬁﬁﬂgﬁ9m5%gHﬁY?Em§at PBANSIBHAR &Y MK or der t o
produce a diaR®kic HHE maybcfeRedasinb it st ﬁ?ﬂﬁtt@@yd&ﬁse@oh%nﬁﬁﬁdl'@e t he
tenperature of the distillate boiling ranqe feed during processing, such as
in between &attElngrthelatpd argmatigssgpigntdh 2 disec! deshhss hegn BWETeN usEhit i c
saturation. vEnbse@lati¥ns. ARRVQEr, MBEEnOkclifIcILRA N RlbBBParsARkibe recycl ed
effluent fromthe aromatic saturation. The quench streans can allow for
control of tcowentmagmnot kappiicantioaddiess aragonesins regading pelyiromate age, so t hat
the inlet gp@; ( ut 343C) or less, for exanple
about 625F algut 3 y%ﬁg&ﬁwgggMgﬁﬁgggﬁfﬁ%§OF (about 321C) or less. The
catal yti c dé®Edilng dawtnmcﬁdﬁ$@mn@dmumhngyaeDéamnmnmnnmwedmkamnéheve, such
as ZSM 23 or ar%l '\{Iar ‘Winte? B ?ar‘lul in%le“l\;er [ en;a cS. ? x!arrllqc eucolmne ot tidfa MO €

addi tional Reta ep OSI% d) ereon. & Ar onaticrsaturati on ¢an be

perfornmed usgiesd ﬁacmattlal tymted(Smmo;sleHawefa ca)uhpdmogtéfl’(&h ot 0@t @8°Ontoa suppor t

h f f t bout 75 d/
cupport od_ ofPRETE A1 Fh BROEREA HoADY e d P AR A P e (The

aronmati ¢ satBI@tdugi Gawine. diofdamnanddateanske eabreeeﬁeiﬂorb@enba&le&l fidls@hid f er ent
substrates - for in e dewaxin I ed on a zeolitic
substrat e, RﬁppgaWﬁﬁ QF%H%??gm¥§WU?8PEg%%oaﬁa¥ @B@ﬁn&bggﬁiégﬁ on a
non-zeol i ti o bSidhati®clanelé edn b¥pYoduedd bynkhvdgiae @ d#sQlfkd ed[HI0d3faking et hod
for producing a diesel fuel product can potentially rOV|de sever al

advant ages. PT%G%Wné%%@P%WPE in %dawé%lélrom%watbtaa%ctd%w Y 8w aromati cs

cont ent Cana@&nﬂél?%ﬁi@al dBwhkin a@catejﬁgs;rtcﬁl%eQeﬁtaﬂtela%dt&%htaban about 4
W% Additionally or alternate he di esel product can al so have a

PAH cont ent u@(i@Stf%%C(tﬂﬁ%fﬁﬁ%@ftpO apmaie dydrmsrhane haviridiice ShEPIoyings. In

al ternately or&ehf% A& Rede Gas 3l Jaﬁ\tfe g&flraﬂé RALGE bgfbcs’sfs tidht Qén%ﬁ&![ucé yel product

whil e using a reduced anount’ of rogen. cess wth ower hydrogen
requi r ement (gateerdi¢selprodict b@pmt@ﬁl atodla:eopbges@nwntih reducedonteposft  of

operation. en flowrelative to the feed for the
conbinationggsmgﬁ&&: (hg%ﬁ)ggnd aromatic saturation stages can be about
4500 scf/bbﬂOQﬁ%outIB@ﬂuﬁnﬁmh&hmamShmﬂ&MS@@@ﬁﬁ@ﬁﬁﬁmnnuﬂgmgawmmﬂihﬂegard|ng
aromatics content i i fuel have typicall used,on either a tota
ot i o ot &Sk SHSH MR b SE R A s ne of
particul ar t;yrmﬁon@ffollaé\leﬂBpaﬂ@ﬁundea,mrsmttoa@iti&mrm BlePAIgr PO diads fivkr sus PAH
conmpounds with or nore rin s not specified. Miye recently, however,
regul ati on @r%a%ﬁt@mﬂa%b%egif%‘a“@aﬁﬂeam? a@eﬁgﬂ*ﬁﬁerlbat? bty the |
anount of PAdUOAROMOESsiMg, slichds & bdWER chialgbeliNoktdatees@he ddwking[ 0015] Duri ng
hydroprocessing, formation and/or removal of PAH conmpounds is belleved to

be an equi | PHY P PRISCAREtBR S @RHYRILY. REe PatiE obHiedEFHsE patassan b

t enper at ur e$ec?a@d/efﬂaaﬁ%H&QQﬁoﬁa@@uturﬁ%zC)rhe tptt%clamuat caf alB@Hocompounds i n
a feed may actually increase endi ng on the existing content of PAH
conpounds. el gkhe ikt ilgppestyrg e@@m&e? stypiéontsiize ol thspilelces si ng
reaction can tend to lead to a | ower product PAH content. 5 [0016]In sone
enbodi nents, the aromatics content and/or the PAH content of a feed can be
reduced in part by controlling the inlet tenperature of the aromatics
saturation (or hydrofinishing) stages. For instance, an aromatics
saturation stage downstream of the dewaxi ng stages can be operated to have
an inlet tenperature of about 650F (about 343C) or |ess, for exanple about
625F (about 329C) or |ess, about 610F (about 321C) or less, from about 500F
(about 260C) to about 610F (321C) or frontabout 500F (about 260C3 to about

NN PN - PN A PN PN\ M




Feedstock [0017]1In an enbodi ment, the feedstock can be a distillate boiling
range feed. The feedstock can be a mneral feed, a bioconponent feed, or a
conbi nat iwO 20h1ed39h COptional ly, the feedstock can be hy@cotuseatssoand/ or
deoxygenat ed feed. [0018] A m neral hydrocarbon feedstock refers to a

hydr ocar bon feedstock derived fromcrude oil that has optionally been

subj ected to one or nore separation and/-or other refining processes. The

m neral hydrocarbon feedstock can be a petrol eumfeedstock boiling in the
di esel range or above. Exanples of suitable feedstocks can include, but are

not |im tedtqlﬁpefa\wf?@laho’dl@f)lﬂ (hlaue 343° Ry air lotsy waewanpld abghrp2distaboutat es,

ker osene, g@@? 6 S | boiling
range feeds? ﬁgé(hq'%ﬁgl g(&gﬁg§¥hgﬂﬁﬁﬁg,Tan%&%%ﬁﬁﬁﬁgngﬁgﬁ%hereof
[0019] I n soneﬂenbddmnem2@MHchekMWﬂemek,%Wmmdﬁﬁﬂﬁﬁmriékbﬁlonmn@ﬁmbMe
hydrotreate 0 - I 4 n content.
I n such enbgcf& ?Ymﬁﬁﬁlg%g?}%ﬁ&eggﬁbbn ? h%tgLS&aél \/Sz&i{%{ %zlillareeglgs }{% &ggﬁout 100
wppm or Iessmmh0m1@m@ﬁph@n&bdUMngmcmﬂwnn@mpMe$sfammManﬁﬁnW@pmbma | ess, or

about 10 wppm or, .l ess. Addit te di nents, the
ni t rogen coglgﬁgh% ﬂgﬁgnzﬁ%mea @yﬁ%%ﬁ@%¥% 58 Slléxﬁ V@dﬁggﬁt 20 wppm or
Iess or aboemn%ﬁaM@pMKm{4le&emeh%@&ﬁkhﬁﬂﬁ@@ﬁaﬁhgemmﬁﬁmnahembﬁdnments a
"sour" feed havi.n 5'?t|ve é e@ | ev ﬁ 85? %S and/_or. nltrogen

cont am nant §M3H° %mﬁg gferqn aad eqp GPaehesd Fﬁ@‘“ a1 r dYem WSt ent can
be at | east tlﬂ*ll@%mﬁ@cémmaﬁ KH’ba@éﬁad’iiFH Roklic duB@ﬁlte axhﬂélﬂle Zﬁ)ﬂWﬂﬂbﬂlﬁraﬁﬁn | east
about 100 wppm Eve @ sou enbodi nents, the rogen content can

optional I'y B%ff‘lyﬂrcé‘? P4OhRNASA lt%léﬁraéwm%mav éeenc ¥ 2 2Q4fipl e about
1500 wppm Ofpd18%S OrTh@%H{od]E&qgodMa g]a%esel%éi prodletichh B@t@ﬁtlaﬂy BfovRkt ernatel y
in such "sour" enbodi nents, the sulfur content can be at |east about 100
wppm for exaiepl advantagesadn soaammboséwn%p@dﬁﬁ@i fugt produgs with puaroseacswppm
Further additionald ¥ pét}BdLéL(? € );“%L%}oﬁlan E}be%ég an 3604t 4 y@oPodi ments, the
sul fur content can optiona but prefera be about 5000 wppm or Iess
for exanpleﬁdbmmndﬁﬁm@hmpvﬂvdheﬂegéﬁ@tma@ou@mmmﬂomwpphﬁHwomeyyfkﬁ@OZl]|n
t he di scuss bi ref ocar bon
Feodst ook durTengt: Pt ERRRERRREH L SRR MR S0 od GnBnby T
b|oconponenpn@oummeeaﬁw&ﬂﬁa$puﬂg@W@Mbe$n@mmﬁmkﬁaﬁmsﬂxﬁhmﬁbgm @lgae Not e
t hat for t hIeO LSIr Wi I'h tlhl C 11' en% en a orre 1l S C%I C %h
generally t8 §ﬁ§ ? E égé% ?8? % 8r %ﬁ ﬁ%?ﬂ%e %p?78§W' Yerived
froma sour t@ves ucsin oﬁq)epinamt Eha)fatetdﬁhy(gegunsﬂoikarteraﬁp&a th&émfoaﬂiey, t he
bloconponent sour ces .can i nclude veget abl e fats/oil ni |, f oi | s,
i oh or o by BRyER o Rt Spg T g fupBires catts EPi B0 dbBbnent 5 of
such naterl@ﬂ@uu@n¢ninﬁseﬂe$enbodlnents can specifically include one or
nore type of i d conpounds. pi d conpounds are typically blologlcal
conpounds t rh%ﬁl re .Pﬁebreablﬁequﬁe%&l@armﬁmcs§@1t%|nbdlr>%¢l frshipsye piceldy £ at)
sol vents. Neq:ublddfnteiih& a%er%@el&foneym asaln\ﬁm Sorltde k@R rAkicahel s, ethers,
chloroform al kyl acetates, benzene, and nbi nati ons t her eof [0022]Nhjor
classes of EMERHST paEsulatdypehat P@H@O%@unﬁe@eféﬁsaéﬂrmgg RAHrpqrappupds versais t y aci ds,
gl ycer ol - depiyyfd omcg%ylﬁh' mhﬁtﬁli;ﬂ f@&énot%écmeanfé{om%mg)' é)l%}edér
sphi ngosi ne-derived lipids (including ceram des, cer ebr 0si
gangl i osi descgukation Blpmsragchﬁ’mabelemSQVan@éowmatalmdeguffﬂémg thy@miovaitaf VA&l t er penes
and their d%&h&ﬂ&ﬁ?ﬁﬁ 3o?&.ﬁ91§?hﬁa%&%?ﬂkﬁs certain aromati c conpounds,
and | ong-chain alco ?s and

[0015] During hydroprocessing, formation and/or removal of PAH compounds is

believed to be an equilibrium process based on the reaction temperature. At
temperatures above about 800°F (about 427°C), the amount of PAH compounds in a
feed may actually increase, depending on the existing content of PAH compounds.
More generally, a lower temperature for a hydroprocessing reaction can tend to lead to

a lower product PAH content.



[0023]In living organisns, lipids generally serve as the basis for cell
menbranes and as a formof fuel storage. Lipids can also be found

conj ugat edownti4pivet ei ns or carbohydrates, such as in tReTfuseONOB6211

| i poproteins and |ipopol ysaccharides. [0024] Exanpl es of vegetable oils that
can be used in accordance with this invention include, but are not Iimted

to rapeseed (canola) oil, soybean oil, Scoconut oil, sunflower oil, palm
oil, pal mkernel oil, peanut oil, linseed oil, tall oil, corn oil, castor
oil, jatropha oil, jojoba oil, olive oil, flaxseed oil, canelina oil,

saf f | ower oi[@Q16ﬂ>a_ba§s sornd ¢mbadahdéntstheiakomatindcanteneartgfathediAH corfent of a
0025] Vege! ahgPhd RaRta {ELEHE b auACHE LR AN RhE oL ACL R R CCesSed

vegetabl e oil material. i ng rocessed veget abl e oi
mat eri al i nedtudgorf @t hydrafinishsngg sidgdsaFoyingtance, al dgrhaties sagurgtionAltdgy| est er s

typically include C1-.05 al kyl esters. One or re of thyl ., ethyl, and

ot ooy eat enSGT S Pl SB5E T Epsnprall PG A TR SN Lo bo. used
i n accor danaeoubSITFt(dt@ui 330t drdess,i fcdxath@le abolit 628€ (alaiut B19CY @dedsp, beef fat
(tallow), hog fat . .(Clard tur k fat, fish fat/oil, d chicken_ fat. The
ani nal fatsa@%gt%%%%o&h?é %g%s’fmﬁ%%u{g% 122338%2@8?(5%? &H%@Festaur ant s
alnd meatI p(r]I oxuet), enfréraabdut SO(T?F-(ak{oQQﬂS?)]’%FBdutEG(FlS (3 CRi By el Ito he][ ein

al so i nclude processe nimal, fat material. Non-lim ting exanples o
processed amPa{ly %foog?ét%@f“iﬂéﬂ m(@h@merémfea%ﬁv RILOr gl d P Ring SHesd al ky !
esters. A kwidrshflyssihdtRa@dlik MewNGhdid @ pidatiPon @lolﬂiéhni@?&éﬁ; th&agt@r nore of
nmet hyl, ethyl, and propyl esters are preferred. [0028] Al gae oils or I|ipids

are typical [§rReEHraphibe catyy dryexing seses il tyRicly gspbe Bigberc Shprdeidnt s,
storage proguato? theaeherRiRBRIAL &Sthat @Rtk nidd i8Rberhicad RBicvRPfE gl arly.

m croal gae such as diatons and cyanobacteria, contain proportionally high

| evel s of | iafsindgcs safugaiion §9ae. @8 o IapreRNCh Bigraes s Be wsgéhh cont ai n varyi ng
anounts, e.g., from2 w%to 40 w% of |ipids, based on total weight of the
bi omass itself [0029] Al gal sources for algae oils include, but are not

limted to, Faedsiwek | ul ar and nul ticel lul ar al gae. Exanpl es of such al gae
include ar hyt chl or pphyt het er okont oph t.ri bophyt e,
gl aucophyt e,?&@&ﬁ)or arehég ﬁ?qo(b(ﬁ;ﬁ/?ﬁé’, tﬁ%aea(?s’téoncliéicat} b %%f%ll%ﬁe’ytfoél,mgg?lp e%%%e(r%ribnad,

di nof | agel | 0 foelidchph@abki minera figdf didodonipenena figtd o mlebmainationsthérber eof | n one

Speci f1c spOBBETac® R Geo Bu B ERESRatn PrRPRUSEE® RBbehi orrs

ol eoabundan$0018$c enesles Al By dbdAFYoR etdstoEUG RN aBk dGtdrbsh feRRAGRAGEN | UM
tricornutum_ Pleurochrysis carterae, Prymesium parvum Tetraselm s chui,

and Chl any d&itBrfaederdh i argentional g1 ch i Qs SIENtPIa s OaBIe i n the
present i nVednipré@bsel. "EhUABe@MydRfcarbon feedstock can be a petroleum feedstock

boiling in the diesel range or above. Examples of suitable feedstocks can include, but
are not limited to, virgin distillates, hydrotreated virgin distillates, kerosene, diesel
boiling range feeds (such as hydrotreated diesel boiling range feeds), light cycle oils,
and the like, and combinations thereof.

[0019] In some embodiments, the mineral hydrocarbon feedstock can be
hydrotreated and/or can have a relatively low sulfur and nitrogen content. In such
embodiments, the sulfur content can advantageously be about 100 wppm or less, for
example about 50 wppm or less, about 20 wppm or less, or about 10 wppm or less.
Additionally or alternately in such embodiments, the nitrogen content can be about 50
wppm or less, for example about 20 wppm or less or about 10 wppm or less.

[0020] In some alternative embodiments, a “sour” feed having a relatively higher

level of sulfur and/or nitrogen contaminants can be used. In such embodiments, the



those which conmprise primarily triglycerides and free fatty acids (FFAs).
The triglycerides and FFAs typically contain aliphatic hydrocarbon chai ns
in their Wonotts®ehaving from8 to 36 carbons, preferalpCy/useanioi21to 26
carbons, for exanple from 14 to 22 carbons. Types of triglycerides can be
determ ned according to their fatty acid constituents. The fatty acid
constituents can be readily determ ned®sing Gas Chromatography (GO

anal ysis. This analysis involves extracting the fat or oil, 8 saponifying
(hydrolyzing) the fat or oil, preparing an alkyl (e.g., met hyl) ester of

t he saponi f nBWgemeoniNt esin|be aellft@ﬁtd‘etueﬁ(ht”hli’fngfotﬂ@mpweleétt apers /AP @St er usi ng
GC anal ysi s Eitisle nVEJFN} ¥ 1 % of the
triglyceri dgt %%eggebﬁtt: éﬂh enlugsﬁt %ﬁf %{nﬂggln teS %l(%%ﬁio%ne%@t %%0 to C26,
for exanpl e 0m®atly)b1@l>8%ferﬁlalv toy alzmut a()%)omom erdesstfor e?taalsbdlbomt 166% abpm
triglycerid e E , Ljigl-yceride is a
nol ecul e ha\‘t}lr fr%és (Zr%géurtl}g u‘pb)ls%a ﬁly H Flhggglﬁ' 1o Cbhgéo% eaction product
of gl ycer ol emhddimbmnteehd alﬂﬂnyccmtﬂnd@m bTEIaulsast abcmhmmshprml,tfon ghypleni dasti s

descri bed here S bein be under st ood

i ri
that ¢ ne.t atbg 207 SRS phEAGRTRAED0 xbm dubt BTGk b AR Byt 1 o
aci d hydr ogénsuckt'doar’ dmhpeéisncafs, he edfir battera e ajﬁ]bnatledauf proferdbiydbeadpbaral raw
material co ents can Lnclude fatt cid esters, suc sfatt acid al kyl
oot or s (e o DORRRRE ariatolr By PooRs0] BrbeGtiohaioHaSe P aekishoi i ng
range f eedst[(tmqrs tnyﬂllee@,ttsmoh@ylewr £hidtdnyRhnt FQk K L REED a APGHoSdibdnur
contents. For exan& a bi ocorrponent based feedstream can contain up to
about 500 wisHstaiktdesieshirom a plodagighiay maeriah copprents oM BNSAMAPIAbgen or up to
about 100 wWeRMAishhOQ§Bectdbs hfiad], @lh, Bhd/50geR. AR R4, SHILE Plrpold&r s Mary
het er oat om conponent i n bi oconponent feeds i s oxygen. Bi oconponent diesel
boi | i ng r angecunay segethlpsfatsgilgrefer garerallydp aeterlgyy bassd aéuitel, 20d nos oxygen, up
Lo about 12 i %ACHerivRE HR :8uREAI ag'?la}{%%ﬁ’@lé GRR. Jatt%#h& a8l 0conponent
di esel boiling range streans, prior reatrre can i hcl ude at
| east about t® hm%mwyegewurcreecanemdm\egmbw @@éﬂtllsaawml fﬁs/mls)/d‘lsixv@en [0032] I n
an enbodi ne C i f eed havi ng
a bi oconpongg }&R%llg %ﬁ&]%?esllﬁjégsz& ﬁ%%ﬁ%grgﬁ?én%?égf’vegé}%%g%fg %nlﬁllﬁfeed a
hydr ot r eat edorhetmlgodanemis (alhlspémfe:all}emclﬁléedne ann(mmvpheffhm(j/pmnmiundl'sydr otreated
bi oconponen ted bi conponent
Feed that i EEdipBU Bbies e SRR EBERE Ins FEuERPenE Do b8 Cont ent
of the feed cbloblahomﬁnp&@qomp)mbﬁemb eNen- 11ﬁ1urngexaﬂpﬂb@fts0clﬁﬁameﬁtsm&dwppm or

| t di bi t feed
be by of ¢ ol gty ST e B TR0 soRane s tpikintugh RO, Loher o

optional hyqgoz| OC%aﬁérrt%ssés@fﬁ@@éJﬁlclﬁ@@bMWéﬁl&'heée@@ﬁly liRifedey aam) Rids0 about
200 wppm or | ess or to _abou pmor |less. Additionally or al t er nat el Y,

a bi ocorrponéHtcerPle%falVE‘éhpl%("Eﬂh@r‘t@efé Smleﬁnepmsmlgldst ététﬂngoglaefiﬁate t he bl ended

feed can bejai bﬁ&l@&iné QeriRMEs, @&e&&ﬂ%%aﬁ@l’fﬁsﬁl@& afd s;ﬁlﬁ%'dhyéﬁl@) ‘éﬁé%sor less,
for exanpl e about 200 wppm or | ess or about 100 wpp | ess.

enmbodi ment s aghdeis d%ltVaQVqSetﬁgﬁn% apé thejr darivtivesn at-pelalle Wgaf@‘fls &elltﬂllbc onponent
ori gin, t hakiRorL LRk, B Bhe bEAPHARRURg 26 Tor exampl e at | east
about 5 wt% at [east about 10gwt % at least a out 20 Wt % at | east about
25 wt % at @R aboltin@bremniSays, dipids gastallalyovt abiBe tisigfoatelll neagirambout 60
wt% or at | east wt % Adltlo ly ar alte
bi otonponent oart PETShadPudhel 38 ahdfos o R AR Alek S0 60 weoe
or | ess, aboubolﬁﬂramts,%uoh ad i@gls foﬂboﬂ]ﬁpo'ﬂﬁbtmhso/bndmpblﬁﬁﬁ,accﬁbmﬂbb 25 wt % or | ess,
about 20 wt |l e bo 10 wt%or |es or . about 5 wt% ar | ess.
10033] I erbOitkentShuREY 8 R aeal e o5 i b PRI MBI f eod and a
bi oconponentnke@sh, 1nc§hh't§: Birsechol BRdeCRNfIBME (@nsu} billsoybRit &Ntohuahiput 5000
wppm or | ess, for exarrpl e about 2500 wppm or | ess, about 1000 wppm or | ess,
about 500 wsWHiosier pibsaim oih palm keserl qibgivret olldinseed oot o RIRRH GBI | ess,
about 50 V\’meJQﬁoﬂhﬁ%ﬁqoﬁBQbﬂ oBi0c YPRAXREd bi® TEmcIRRAL saffoWP BT Kbass €SS, about
15 wppm or Iess or about pmor |ess. Optionally, the nixed feed can
have a sul f g té]éfﬁ’t@lhtan@)flc%t‘tm]ll st about 100 wppm of sul fur, or at |east
about 200 wppm or at |east about 500 wopm Additionally or alternately in
enbodi ments where the feed is a mxture of a mineral feed and a
bi ocomponent feed, the m xed feed can have a nitrogen content of about 2000
wppm or | ess, for exanple about 1500 wppm or |ess, about 1000 wppm or | ess,
about 500 wppm or |ess, about 200 wppm or |ess, about 100 wppm or | ess,
about 50 wppm or | ess, about 30 wppm or |ess, about 20 wppm or | ess, about
15 wppm or | ess, or about 10 wppmor |ess. [0034]1n some enbodi nents, a
de\/\/aX| ng cat aI yst can be used that |ncI udes the sulfl de formof a rret aI

. o, 1 e



gas phase effluent fromthe hydrotreatnent process or stage can be cascaded
along with hydrotreated liquid effluent. [0035] The content of sulfur,

ni t rogen,woxyger33sand ol efins (inter alia) in a feedst o®PKTArSe@1®862bY

bl endi ng two or nore feedstocks can typically be determ ned using a

wei ght ed average based on the bl ended feeds. For exanple, a mneral feed
and a bi oconponent feed can be blended’in a ratio of about 80 wt % ni ner al
feed and about 20 w % bi oconponent feed. In such a scenario, if the m neral
feed has a sul fur content of about 1000 wppm and the bi oconponent feed has
a sul fur col®@M ofVeaiehle oiaswgfpmyd tothercinema blsp frgludk ervdesded wegdaldonild be
expected to Ul £ 4 t - ' -

f eedstreans n{saﬁe:ﬂt%{élg\lloz]ulf%}r%%g)garﬁlgpﬁégtoﬁgiof%g%ﬁeig%%@lgﬁﬁRﬁ}ae\rlléﬂgag%ﬁqf]ﬁgélc}sange from
about 215F @ebhuy adi@2iCy] dserabdhiy] c8006 Fypialblp itclui2 TECs alkyl sstech @rebodi nent s,

t he di esel boili nge .f eedstream can _have an initial boiling point of at
| east about %ﬁn%%%’gughyiﬁ%ﬂow gerswésxaé%ﬁegmgg' | east about 300F (about
1490), | at | ¢e6] ab@uﬁm&?ﬁdgﬁaﬁo%% fhztm% ge %edh@?f@brd&ﬁl@%ith‘k@@ﬁ%tﬁib@m 204? :
or at |east about 451F (about . itiona or alterpately in suc
enbodi ment s}nff%i& Ry e apt IBB‘itqditﬂé’eF%fl)%‘g‘éaﬁf’@éé@g B diedinRabo Wﬁ i boiling
poi nt of abewd cIBARR tdt alPBUnifa £58 cf bel BESncdfiRm AXA0RILE: RERVINCHARE (about
413C) or less, about 750F (about 399C) or less. Further additionally or

al t er nat el y restaqentyjaad Breatpseduetin) f2eiHtss: f eedst r eam can have a boiling range
fr om _abOUt W] ( al}\(?l%al%g’cg’@ref”e?re@gﬂjr&eilgglgg inéﬁtﬁ@b’ttocégeﬁ%imaﬁfdt ldatdrdf t her
additionally or "alternately, the diesel boiling range teedstream can al so

i ncl ude ker dwerdmilieggremplyapbrmebssedaniprabiat detcaalfindudset tridaznidsiantd fadtyboi | i ng

enbodiment . aer oA bet R R r A b AR GN (R  ef (n

dewaxi ng st agéyi,rthyhend prepyltestors acgmefhaed® a cl oud point of at |east about

-10F (about 4 O,..for . example at | east aboyt QF (.abo -18C) or at | east
about - op( abFET ) e NS SR af byreBR tonPaRH i ey AR B G ng
range feedstompines@stdiapedraduclsnd npedboliteQf CatoidlgA Hmifapatitulaly) or | ess,
preferably ahout 32F (abput 0C) or |ess, for exanpl.e ut 25 about -4C)
or less, ab8froalsE speih ffatonty dcﬂ?/alTOé?’s‘%?“aoFO%%%B%O%‘@PHQ?&%&LWGV{ ) or |ess.
Fur t her addiipidonAaldaysoffceddol BlcRBhebits cah REntGiAREE Mg adfouRke] yar Rdmb vg%,

hydr ocar bons havi ng or nore aromatic rings in the dewaxing stage feed

3. ! .
(and/ or in th¥ Veed! irids hesedppiow! W@lgélh‘?fd]f‘eali’lP‘ﬁ?ﬁsétf%lﬁe) can be at least about
0.08 wt % f%o@’fa”mlgall Aurt LG tal AP BHL ianu&e,‘f%t;’/(?ﬁee %t'é%ﬂéteﬁ'f&h%i@éllu?a‘?ﬁh&' onal l'y or

alternately, the total aromatic content o can be at |east about
10 wt % f or nedtaeihiler dgac| Exzmpleshdynchisgagtingudgta rthedephytalsbloropdgtemt % or at

| east about 9 a i i r inments, a
reaction syg"tgt grr%% u?);%hﬁer g}b? E))hry%ga}l %#ﬁ%’g&ﬁﬁaer[l%%\?}%lﬁ%tlg’v%g rerfé(tgﬁglé C %’ncl ude at
| east one dewnawnmgad dagdagaidmaphyitapdaiktoomdarcdrkgt ind combunniadns gerdodr In

hydr of i ni shi.n stage. te that neaction sta n 4nclude one or nore
beds. In oné)mggnl%%oéi? rrgreélrtftafl\‘!"cazlf3 E%n ]%fe%él% Cr%ag’geasn&?oé?@wﬁ%%g&g%%%pg pllﬁ?ﬂtﬁ' st ages can be
| ocat ed i n Spsiifiigpecicse@a imitude Adutt ere mat lirhiyed tb Wéod@waxo/ngibsidge(s) can be in a
separate reactor, fromthe ar tic saturation stage(s), 39 uench
tFoam can BerpderiilalndriEth: frdsdiBi g B REE Hran ariRE s 1

sat urati on staget Prymibempsene Tekdsemnz dar) abe Chkesddnnaorinialditihe

t enperature @')[ t]he inlet of the aromatic saturation stage(s). The quench
stream can B&3911 di Giogeraprognidegds 4iablsrin theagserfumisationstap diahde gy of | i qui d
quench, the (deRERh SRR pANEBRMELISERSY dnldFRe BfitytdbRs prodyathef rom t he
aromati c saturation stage%3 ). t1onal ltpg the récycl ed portion of the

S L 0 [0 .
product froffiglyreridsssrat]os vaicabaeansin divagi lyyrocghonehards Bgir stiydigh a heat
exchanger t @, 6R0EERS b BE ABIRESREMLE Aim 1HR BUSALBHS, $r'-caple FBR @ t§as
quench, any convenient gas can be used. One option can be to use an inert
gas. Anot he?2epbosn Topgs dberigheetidgescadbedtaminsd eedovdngjedhhfagascid such as
hydrogen, whi el IRy iRt fRPak4 é’oﬂs{i‘tg&ﬂg&nso%Q&dﬁ%étbﬁﬁné&%dn@%& gas, if
internediate reactivity I's desired.

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



[0040] In addition to the quench stream between the dewaxi ng and aromatic
saturation stages, one or nore quench streans can optionally al so be used
bet ween miibtopl®3dewaxi ng beds/ st ages. For exanpl e, in &OTArskadiodemt
involving a single reactor, a quench stream can be used to divide the
catal ytic dewaxing portion of the reactor into two dewaxi ng "stages".
Because hydroprocessing reactions are -typically exothermic, using a quench
st ream bet ween dewaxi ng stages/beds can be used to control the tenperature
profile wthin the catal yti c dewaxing stages. A quench stream can reduce
the vari ati esponyingthydiohizinee thsdatweet nrereringimerlkdfe.ghaethyh stierddexi ng st age

and the fin X1t R300i% by Waligh ¢ Afvlienmper ature
reducti on ngéepg g‘\é@e t&e(éln ﬂ%get%uhliﬂ %]t %?};b ﬁeg#&ﬁ'af&&agg ﬁg ast %g and the

inl et to thenasmprelinent.sanajemtl i(ion, seadyéi(as)50%)hethg tredhehridd preem iodlre be a gas
phase quenc tr |.j qui C or a gas phase
quench stregﬁ]i%%?ﬁ%még%vb%ﬁfeﬁﬁéeqO-fcbzto Cﬁégpogggd)%ga o %ég’ ﬁﬂg]ra% Egas or

hydr ogen. | fcoramtuiemihelseqwenmhl tsigly eaie p&smﬁdt,he tipid nialtequl cFummer be recycl ed
product from uration sta jhan of the effluent
from anot het™ H’éceblge SERE l‘fcﬁgt Vl&%métr?cﬁ‘&e E‘)lalﬁd%%lil? 8°d|hF By or

al t er nat el y ptaduttnif gheetehm ithige mugmhwsrmaddh@u@raaﬂgwmneh dsicribedrs can be
used bet wee ar of tic saturation beds/sta t he guench streans
doscr i bed abEoE S ReuBeianeThaRy Setnussh i Hoadlhat Be % «&Sgee can be
a recycl ed pﬁ@p&ﬁht ks RAMbcedarily@hlainga@rivkyRadvid 18 drgdii. 0g&Br §pésedm anot her
conveni ent stream or sone COTTE)I nation thegeof [ 0042] Optional ly,, the quench

streams can %58 & dEBveddtambQogicRyAY isiiabemneB s %ﬁé@qlgﬂe HB145H ng some

inert gas, leiteﬂsrbha{mmcﬁima%gtw(& ¥, F&NﬂteaslwoeplAEEpto the various stages
to facilitate hydroprocessing. The éqro gen can be recycl ed hydrogen or
1

fresh hydr od@B1] ThBiepgemenrensbaseddicssy @@fﬁn&eafﬂe@@??% tyieallyheyose of bei ng
"makeup" hy C %g]]?@

hydr opr ocesg‘{lﬁg%gtlg‘ggt%%%%g]spwgd& g%@éd?%gﬁ ver a{) aé}l(rgbée%n treat
rate in thefedstzamapn omtaf up lweabdetdi Mmgmstltaw(l,sf)ﬂ %nnllptew@ taaltmtaﬁ(?oc
saturation - t vel of
saturation g@ﬁ?@ﬁl@ggﬁm@ﬂ t%g§ &grlgﬁa% el ce)l\ﬁ%tgfdnog%g% ‘é@%%dég%glﬁu of

hydr ogen gashe pfinery ldtabatby dpiopgarent mbatco@acmemalbalsiimﬁygal c&wampmgemnd

aromati cs stag goﬁlgnm%orfe%é%gog\nqsto any mh%/ﬁ t%%b” ?as |entrop|uced into
t he dewaxi n& £f ¢ geseg'l’ﬁl §1E S131 g% i ntroduced
into the dewbodt mgws%a)g%nwrtub t@aﬁcﬁem wadX%ﬁlﬂS@&Blel]b&&dmﬁSneﬁt djesehch stream
bet ween st age as |ntr ced as a mak r |ntoa
otage. ot hePonyarbgenefis et putiib HUrPFoudtud f mes s REF S SR ngor
aromat i ¢ sabuy@h] fonc:ainpia 16ast BBATS Wvadxiypa. | on thereof Note that a source
of hydrogen gas should only be counted once, drogen that is
initially i ucean%tﬂab%dnﬁ@mdk? fegdssackgan @ﬁlﬁd% Pié‘iﬁ’ %a%tdﬁ%@f A an

aromati c Sa%!&'\lﬁ’%égﬂaccﬁﬁﬁﬁ@nt%ngﬁil efhﬁ%n Q@a %&F&Qd%@?&t%lé&ﬁpﬂae@@t ering the
aromatic saturation stage an embodi nent, the total hydrogen treat gas

rate in the hm@mwwgfa%}h@ICh¢ll§sr}ﬁﬁt%fe%<hpm@thepr§@%@é@ot@atﬁd OCUBIRAIEN4500
scf/bbl (ab@é&i quﬁﬁ%ét %109({m3do‘ﬁ§1§’feefd(35n ﬁé@%&&@ﬁ&ﬂ%é%@h&ﬁ&él@b' (about
710 5nB/ nB) or s or about 00 scf/bbl (about” 620 5n8/nB) or |ess. Note
that the t remvwgsls hy drpprogkssadrtd rﬁ@luceﬁb¢ exyigen eontgptipioghefeed roeapoutgd wpame. |1 a
hydr ogen ga i t S an inert gas,
the treat r g{ %g%gogg%ée&%?%g%ﬁtl onal ?& %?%EOQPQ%#?QEJ%@%QE@Q ream havi ng
about 5000 <$ofrtdpohdinglyadoeton@Onent fe&@can bediy@ohrydedbigeeduwo thedxggenr espond to a
-100 vol % hydr.ogen..s am of cf/bb

st age(s) ang 19 Pth(%trfreae jRIL L %ﬁearto tlona?gyd?%}j(r OC)eSSll};ﬁ’lLo a%outtsl-Bpreéj PR’ Fedq’%’at ed in
separate r e&me@arﬁple LnabeuctoOevppodiries bsto aboltdad wepahatge rAddtionalpy bronal |y

repl ace the guench hetween th ewaxi romat i atu on st ages,
P hoagh. ond R EoReR e Fr o el i o B e B mur t oo
dewaxi ng st a@asedaeéh’ @h bbeaﬁl\ﬂ&dmo havk tah pkygzeA cOMT@t bfat®at 300atpaiordésages .

Dewaxi ng Pr oces ta
9 examp e a?bout ZC(:)% wppm or less or about 100 wppm or less. In embodiments where at

as

(@]



[ 0045] Sui t abl e dewaxi ng catal ysts can include nol ecul ar sieves such as
crystalline alumnosilicates (zeolites). In an enbodi nent, the nol ecul ar
Si eve carwoenwri4d®s consi st essentially of, or be ZSM 5pPCISN®3/032%M 35,
ZSM 48, zeolite Beta, or a conbination thereof, for exanple ZSM 23 and/ or
ZSM48. Additionally or alternately, the nol ecul ar sieve can conprise,
consi st essentially of, or be a 10-nemfer ring 1-D nol ecul ar si eve.
Optionally but preferably, the dewaxing catal yst can include a binder for
t he nol ecul ar sieve, such as alumna, titania, silica, silica-alumna,
zirconi a, ofcagt agwrisinrrathedpedtihef elopconfroncns vegipl Bataiotiivinisan baai/lesst abbetani a or
silica and/ gryzj f&gﬁn?pléﬁtqéﬁ{ ol PRER o LOQAELNE W PHALAGLEHbRLD G hal can

i npact the activit e ol ecul ar ’si eve |8 eratio o l'ica'to

al um na (Si Ankast &laltutbéwt%m at lvestgbdus 8 b1, ilavteboutfOart”eatdeadt ahont 60 t he

nmol ecul ar si o di ' [ : 1 or |ess,
for exanple burta%%gga%&t% ?‘}éé’s%addg ??iyllh?Gﬂ%n%ta% tfé{es@oca oﬁ%mﬁglgl:o% or |ess,
about 90:1 oain beerboyt %Smt%ﬁbtcruessﬁﬁr &amplaabwﬁomw drilsnabbyt 50mwtdl dréasnat el y, the

nol ecul ar si gv an) to, alum na ratio of at about 30:1,
for exanpl e g‘f ?P Leo E&%?lb Eiw% Or |eXad O“ég%ﬁﬁ} Bpless: Akt L(fwﬁ}égst about
65: 1. [0047]eé.s,|odabdut@mt%fmelem)l ecul ar si eve(s) and optional binder, the
dewaxi ng ca&] t can al so optional ly but preferably |%qcl ude at | east one

metal hydro i on 1B GRPRHEARS W %IEHleafgeddSG“B’EfbfeVIfPPmFFé dredagdhit abl e Group
VITT et al s peabmpdtechiids, tHewhix@f Bed\@h hhldd Juflr EditenPdt abBel 500 wpth oft

conbi nation _thereof When a netal hydrogenation conponent is BQesent, t he
dewaxi ng cat%dyetexampleihyt dofl wrpn ailsts: 29But000 WPt wdss: abeid SEP wapmvi | |
netal , for %?‘ﬁﬁ@h&uﬁﬁod&ﬁﬁﬁoﬂ%uébogt BDoWhin Alless 8B8ht BRYPPI Q18 Wpoar at | east
about 1.0 wt% at |east about 2.5 wt% or at |east about 5.0 wt %

Addi ti onal | yO@ppm-or fess, ﬂbwt%maméwss aheut d & warinrg lesacarpst 1wppm At | ude
about 10 V\’t%’sQrOé\n%%l rﬂ&ecgceg&'pan\ﬁa% g@ﬁﬁ"konte{nﬂ)f fﬁ’f&%lbgut"’}@@% m- 0 W % or

| ess, about % or ess about 1. % or less, or about 1.0 w % or

| ess. [0048pf wl@omeafémbmon’ezﬂosypmmgr @téwab@bngt i@émmstAddamnalbmrude an

addi ti onal and/or Mo. In
such enbodi %Qﬁﬁelyvﬁ Iﬂ%d n?%%ﬂe{?ﬁ@@%ed ﬁn l?lgmg?gfse%% ne?alﬂﬁegdg]zm%\;q ng catal yst
can incl ude bwtcomlemsnt fad:lbﬂte nflix&l fﬁb@/ﬁaomavdreme)gmpoMb]B ofretbcauk ZO(IOOprax@rrrpl e at

| east about 1 about 2.5 vvt

Addi ti onal | y S%r &P ﬁaP W‘%??(?O VTR lgshbab& Ogﬁgpp{n r?ea%wg%"?%g‘s %’3‘? al yst can

i ncl ude about le&)ahvdu?/d@l]’wlblﬁﬁmr leds, dHoet BOGLPMbrBessribalt, 5S0fwgipresrdes) dbowbout 15
wt % or | ess, about % ess, . about 0 wt% or |ess, out 2.5 wt % or
e o S0 P ievithos: PR 15 aboy 37 SpPd” SibSa itk [0 e ot ng

cat al yst camsi.nclude Pt and/or Pd as the hydrogenati on nmetal conponent. In
anot her preferred enbodi ment, the dewaxing catal yst can include as the

hydr ogenat i 6903t al &é%%%lmdgnws afervaxinagatagistcande ugrd thit inghiglenthe onbi nat i on
of Wand M g0 loRa ¥Rlal, Akish KARRILIENESBalysk Ht ﬁ@maeglnﬁaepah%ﬁg%n used
according to the invention can advantageously be tol erant of the presence
of sul fur afdfush ecbedimges idignibpgerstieieiosihadecd Syuhavgist least apanigwmsubiah i ncl ude
those based c&ﬂeﬁe?hé ﬁlﬁﬁmﬁ%lﬁﬁ c@ﬂgﬂt(}r&ng%/ﬁ ent Jm!nﬁtaf’ﬂ tﬁﬁsﬂq@&eﬁ%e&ﬁét ZSM 23
with a silica to alumna ratio between out 20:1 and a 40:1 1s

sonet i mes r ef e devaxing anlesn-aalfidadentei Bpiadxawpleathe &edwiock cauhaahl e cat al yst

bases can i ddi ti onal
o al t or nat Ssi pupat WIRS) SRk 1cbRHRRLRR 1M BRI o L TR0

[ 0050] A bouRto wspwaxAﬁtgm@tastead ysticclstacladag haten sitfar contear ofzbduttHP0 spppar i ng t he
m cropore (Qf . £e0l Ik G4mUrLACE 1AL 6200y AP AN BLISS idalig total surface
area of the caf P 4Phespé’ SUrface “areas” ¢ Be caI cUr'dted based on
anal ysi s of embbmmgﬁnthpedcbmmbstuﬂﬁar daﬁmtanalthmgnéthﬂe oBEdewminyedtafystrinaur f ace ar ea
measur enment revi ous work sho th the a nt, of zeolite cantent
Versus. by nadTEETH g Hrrrdda S Ent Babaeta RTRSdOR BUFBRT sl eront s
(Se?‘ e.g. H;S’?ﬂﬁﬁﬂbe ﬁ"loﬁ Hydl;otr]ézﬁhhént o@ﬁteﬁhneral(p’b&?cﬁl)(}fﬁfeed.ﬂrZﬁa)mm}hegeﬁil cropore
surface area of a cata refers to the unt of catalyst surface area
provi ded du8°1”r“8nfSH’é/ é&éﬂ’%‘}r t%?‘é%naé’r‘ialwétﬁ opBrEst ﬁte AFW@“’@BP&% in the
BET neasurenents. The total surface area represents the m cropore surface
plus the external surface area of the bound catalyst. In one enbodinent,

t he percentage of mcropore surface area relative to the total surface area
of a bound catal yst can be at - 15 - |east about 35% for exanple at |east
about 38% at |east about 40% or at |east about 45% Additionally or
alternately, the percentage of mcropore surface area relative to total
surface area can be about 65% or |ess, for exanple about 60% or |ess, about
55% or | ess, or about 50% or |ess.




[ 0051] Additionally or alternately, the dewaxing catal yst can conpri se,
consi st essentially of, or be a catal yst that has not been deal um nat ed.
Furt her awlOi2dilomaidby or alternately, the binder for thePCaftskago3ean
include a m xture of binder materials containing alumna. [0052] Catal ytic
dewaxi ng can be performed by exposing a feedstock to a dewaxi ng catal yst
under effective (catalytic) dewaxing cdhditions. Effective dewaxi ng
conditions can include one or nore of the following: a tenperature of at

| east about 500F (about 260C), for exanple at |east about 550F (about
288C), at Iea%nhaﬁtﬁfﬂtensbom tltedwdmtreem@@pm@ss tstage gt begprsadedsbor Widbout
343C); ate ARt 750F (about 399C) or less, for exanple about
700F (about ﬂg@%@%a%d% edss olrﬂIE about 650F (about 343C) or less; a reaction
pressure of [@GA35] eastThaboment@t)ﬁﬂfms,ugrc(gamomygez SdMRd} (infeonlixanpl e at | east
about 500 p bou at le out 75 S about 5.2 MrPag),
or at Teast et P tybidRthe B 0B g e SRBETI IR . To00 pei g
(about 10 I\/Baggaozre1ghesayerﬁgerba&)daﬂmheeblamadlfeeds?(I(brpsangale{ abmnletral&eat dPag) or

| ess, about 000 0about 800 psj g (about
55 Wpagy o tiggebdisth G0 or g e el oy aFOEpe e ety o sl bdluss about
0.1 hr-1, faqo majmbapatent Ras t Inabet scthabiohif thk,middrall fe@Sitas alo@eir cdntbhthr - 1, or

at | east abou 5 hr-1; an LHSV of about 10 hr-1 or |es for exanple
about 5.0 hifaboy} 1q0dagping e ogprppangnigred| %3 Sultiyp Rt o SRR or less, or
about 1.5 hkyppmOthe k@8Bing BlchddEABIN b leRctcd dShdvah 8uifr cahtcht@abougbout 500
scf/ bbl (about 85 SrrB/n% for exanple at |east about 750 scf/bbl (about
130 SnB/ nB) 80HPpei- Ieast about 1000 scf/ bbl (about 170 SnB/nB); a

(hydr ogen) ga / ) or |ess,
for exanpl et[(g@%Et 12301 ?(%ft ?P&gﬁ&%ﬁ‘?ﬁg %rﬁ%?h%# ehégg% %ﬁt 1250
scf/ bbl (abonge fom aSﬁ@/Zﬁﬁc)F (@bouit é@;2§C) [0(F®5®]8Dﬁ°Rl(abQLmé%7°@hbbdu¢ie nts, a

catalytic d t t st age.
Thi o shar act R unrn SifaReFR AR SRR AT R p R oo P SPAT 1o

sul fur and/ deasttaheut?50TFdgenut EDIICEHor Erivple nt ledatlabqug3(lﬂéF édbyuu @9dowetxi ng. I n
the di scussian BOAYSHSGL 110 LRSI M0 RIS IANY L dithggen content

present in a ca ewaxi'ng”’stage w é’elslcn b erns of a
concentrati GS\IO(Ff(a[ﬁml Iaxr"C))rAddmtﬁlaHymdltemgery ih Qudhheebbéiednts Howeieedl , 1t 1S

under st ood sone of . the .sul f and/or nit resent as
2" gas phase "U0HE EiteR AL Crm et 8 Elndine Pov & pAu R R O B

cont am nant Jesg ek d)dhiaplbabam7e5€amoat4atf3°o) Gass Hbas e S0 @BgeBoTonbam nant . 1t
IS notedtht the t am nant m‘ix%‘g resfeCLglnaIlquld
effluent as G sSbiGRAl Baga@mig cRYRYoRe A bpigps Pgen EhECERBEdANRRt s bel ow,
the det er m Baflih®nBé frbRALANAS M (ﬁ’cfouﬁ@j3f°©)’t0%66htf$0©ql:qg&ﬂlt kopasgf on the
total sulfur, and nitro resent relative to the weight of the hydrocarbon
feed. This fHERUHEHIH! yhorgiemﬁtﬁlas@e dised Peémamgofe@%%trﬁeawryalwaﬁa Speci es.

Thus, even thes&era@@@orﬁwumto@mft&ra f@éds{raaehumumhﬁg RhESHGh aBGut H2S or NH3,
such sul fur and nitrogen should be included when determ ni ng the wei ght

parts per nmP9Fdpboyt 1251uC}t9raPth89Q)5éhbquet‘%7t f¥e to the weight of the

hydr ocar bon f%@i [ G FIQ i can be
characteri zeé as a qg\?gle]ﬁﬁoﬁglg Ep&gsg‘h%lh@prg eql%%ﬁ{r r V\ﬁgg f%ﬁg(ggul fur
content is dmmnmeummmmnﬂlmn hivera Céwarppineoﬁd:twst ab0@ -Wypratout 4 ess or
about 50 wppm | ess er.e {i i tage can
be charact er| z olfor examp'le %Eerast a%?lﬂ%elgwl%?lﬁ iéljcbgrcgf%‘tagt %’u t1E\Sul(F;|?Vr\’laxt T?h/z sul fur
content of g\rddatoeallytdmaNembdutthém@set\bang ffaoge fexdanpdnecagrieat eclotdpaintabout 1000

rEoar a t o not MG A STy o1 ER RN APh G oEr age” LR E ENdracer | rod as &

"sweet" st ageaanetibotlhwn i(Abo0genC )R nttserabouts sab@bidut 299@\@@16359& dbess, for
exanpl e abo 15 | ess_or, abou pm or and _catal ytic
dewaxi ng st iéé: @B%APH? (g)n%r 58 E‘t‘rflféb‘?dété"nal? @pc?d?ma@tyaglé CORtEH of es pect to
ni trogen V\hoolytlbﬁlaﬁaﬁyd@mfbeﬁbmd] t%ratt@utro&%wuofhe ﬂ@%@oﬁ%st@etféddgen or
about 50 wppm or npre, or pm or nore. ove, the

concent r at | GRIEF insife foge t%ﬁawmﬂt t%@téw stage) 498 br At lf:%akfoat%%‘rvt %rigani cal I y
bound sul fur and/or nitrogen, gas phase sulfur and/or nitrogen, or a

conbi nati on thereof [0056]At the tinme a feed is exposed to a catalytic
dewaxi ng stage, the feed nay be hydrotreated or not. In sone enbodi nents, a
"sweet" feed, e.g., arelatively low sul fur feed, can be passed into the
catal yti c dewaxi ng stage(s) prior to hydrotreating. Alternately, a
hydr ot r eat nent st age follomed by a separator can be included as part of the
reaction systemto attain a "sweet" feed via hydrotreating. There are al so
several optlons that can Iead to a sour' feed condltlon If the feed |s

T 1 . R T T T Y 1 T |



the feed will continue into the catalytic dewaxing stage(s) with a
relatively high sulfur content. Alternately, if the feed is hydrotreated
prior to wetalymusiwedewaxi ng, the feed to the catal ytic @®#€maNR0Ig/0362aye can

be a direct cascade containing substantially all liquid and gas phase
products fromthe prior hydrotreatnnent stage in which case any organic
sul fur still in the feed and/or any ga$l phase sul fur generated in the

hydrotreati ng stage can be passed into the catalytic dewaxing stage(s),

t hus rendering the feed "sour’ g0057 The amount of organic sulfur in the
hydrotreateﬁxﬁﬁe@mdaﬁt%@u%11W€as tilh hother afldigopaly o altereateliphetosal | east about
5 whbm  al LAk, aheu offl R0, Al I E&3bo @90 4ho 2 fr LeBe Y &gl j3bout 30
wppm at | east abou 8 |'east about '1 T'éast about 250
wppm or atWWéagﬂ&ehﬂnuﬂgbﬂﬁMppwﬂwﬁﬁmpwﬂﬁWa%ly or aIternater, t he anount
of organic sulfur in the hydrotreated feed can be about 1000 wppm or | ess,
for exanple about 750 wppm or | ess, about 500 wppm or | ess, about 250 wppm
or | ess, ab®ubctdQnfippmior | ess, or about 50 mppntor Iess about 30 wppm or
| ess, about pmor |ess, about 10 m or SS. sone, enbodi nent s
where ot ocd0Ti8l D oe uRuiets FhfdimRgAse e RoR G HTE R T HE R ng St age.
the amount eofvegids ndiiagiecas Hcfude aclagscatdadwakih@sthfeandat Rhy bhcartl@uvaxi ng st age
can be at | east abou 000 vppm far exanple at |east about 5000 vppm or at
| east about SHEHY! (?’b[%’fﬂsz[ﬂbti@@? FRSG %qt%%t%@at@%ea FRarRCuqeraC PRBERt ock t o

t he dewaxi n@edt a964cSmbolifienel medmtlgadﬁatraﬁtmc@aﬁmdn tiRedshen B RBREd C
saturation (hydroflnlshln ) sta or both can have a content of

pol yar omat i & h$iBgleEarpo ! Wlhghq masing plaggip)ean Py et SCRATME FRISIobiomt | east
0.08 wt % fgkweﬁﬁﬂggguﬁhmhgg$% »0.1 wt%or at least 0.15 wt% Additionally
or alternatel t he dewaxed Teedstock passed to the aromatic saturation
(hydr of i ni stﬁ@&g&?j st dyeyesyh strehm cdebmneddurndibdiydimohe dévehrg speeduatd theor bot h
can have a I nt of the
feed into t%ﬁﬁ%eagﬁkﬁﬁmﬁ£§|§?5§h gﬁ%gégﬁhkﬁwgt %ggg?&ggg%ﬁgg@%aﬁomer

| east about asm@ﬂleméthp amagit sdtm‘awtn sadge(slt Tﬂ&@ubmhetrearfmrtﬂwelrhqadtdl tional | y or
alternately, uenc streaOUdr ap(a)t!s nuenoh tream %o ffedd fuee%gt} t’tOCIﬁeﬁ)% c%u?ge jo the
aromati c sat'ura |onnf% dr ofl i A I'ng) d@?s?, 0 ‘Fﬁé dewa

hydr of i ni shegydedpardén ofahe plbdlbmfrbmcm’larbleatamnntatroBSng;). ICEmSnaHB/pﬂhe exanpl e

about -40C or 1/ 143396PCT/ US2011/ 036211
A n . T oot E B P e fraditie SRR EHO RS B SR o no)

cat al yst came@tiwhes&xcmgaltsto@ssmetdnaietayureﬁfth@tluetﬁeh ardamOWpr ¥kdsl and/ or
Goup VIB netal on a support nater|a4 (% an anD hous sugport such as a
bound suppofteHeRGHEY CHEeN litea?%hewe SIncioRHeRLCAadC KOMTEN ISHEAE. | n sone

cases, cert aindthBysptioh caPEIE Mirodddedl ¥akiSe {@hcid@sChuiParhyarlgemwiiamal so be
used as aromatic_saturation catalysts. The M4 1S fam |y of catal ysts can be

described a$PiRRsByBFbdesmRaRItion csf ipeghghg tnerlatctl%reﬁctrw@hs &s19ka contents,
e.g., whose [(Wéﬁ)ﬁ) ar atIh Qgﬂlﬁéfh tt) "t'ﬁetc{tﬁ ﬁchcg%ﬁ{l b@c@zgeﬂ tﬂe hev@ﬂﬁf angjaﬁ)matéoc 1992,
114, 10834. Exanples o erials can include, are not Ilntted to
MCM 41, MCMVs@t@rativoNAgse ong pdmergaberehisiremmss coi eptemﬁllmmomfhlsetweenunder st ood

to refer to,g; r E%ﬁ to about
100 Angst I‘OﬂE%pié %GS%I egij\é%sn%éﬁge}fmg% i it é@@gﬁﬁe%@%‘%

preparation reastOdes;ueanedeanec% be usedl thd‘fineF?act @mlytNmeWE)slﬁQBQrﬁsmof tMSM 41 is an
i norganic, porous. non: er e a ng a hexa an arr epent of

uni forn y- ofS 764" por'ee de‘i“ﬁ phyt caﬁBeec P hitodods 3 oSt BREIET O o
bundl e of sbx@dmmm nsmgn qttentlhgreamentwwgn Mwdxihe ssigedivesls éetnlt& weal b di anet er of

the pores) from about ubi c symmetry
bnd s descPrBE mepBRrRRaiogte D MRkt T vadte fogt Sudef N0 has.
| amel | ar st caCtetilic .thd QOGAIINEMpbratas bl csrptle inddt bhthd ifit dt @svexlingSdtage por e
openings int soporous range, . If binders are desired to pe. used,

sui tabl e bi ﬁ&gﬁg ey R A% Faish P9 redird Hapsequps étm@f%fﬁ r%@fiﬁ!%l can

i ncl ude al URbdHad b&ivbérCBe oiltict anth@find dbw&add ddPleAAS the Aletdo ERMERINMALI On t her eof
Rel atively high specific surface areas are possible with such catal ysts,

such that, SHUGHY E¥Gdi Risuenghidreay ke aﬁeaaseﬂutnﬁléstéﬁatnaﬂ%tqu@an be at

| east about 500 nR/g, for exanple at |east about 600 n2/g. In sone

enbodi ments, an even hi gher surface area catal yst can be selected to
further facilitate the aromati c saturation process, for exanple at |east
about 750 nR/g, at |east about 850 nR/g, or at |east about 950 n2/g.

[ 0061] One exanple of a suitable aromatic saturation catalyst is an al um na-



bound nmesoporous MCM41 with a supported hydrogenati on netal
thereon/therein, e.g., Pt, Pd, another Goup VIII netal, a Goup VIB netal,
or a m xtwpeotih@s®ef | ndi vi dual hydrogenati on netal enb@®dirispais/ ozem

i nclude, but are not limted to, Pt only, Pd only, or NN only, while m xed
hydr ogenati on netal enbodi nents can include, but are not limted to, Pt and
Pd, NN and W Ni and Mp, Ni and Mb and!® Co and Mp, - 19 - Co and Ni and
Mo, or another conbi nation. Wien present, the amount of G oup VIII
hydrogenation netal (s) can be at |east about 0.1 w % based on the total

wei ght of t base guciicly streany. dior agatripee @endhsisam, abp cenvenisntgassagbeased, east

about 0.6 t u VI

hydr ogenat Y\%Lr{ rfaé'(tﬂ%}'t gég)&?yﬁyo@e' (%Eltaﬁg%g&lvct}t{%r%r ]Isgggsa @E llg%d(%tﬂgbﬁe t ot al

wei ght of t ksyded atoshstt frofnghe @xmatyl etuadivostage(s) avagovionoéths cffhigoiton?. 5 wt % or
| ess, about 0 1.0 % or |ess, about 0.9 wm % or |ess,
about 0.75 \%%%%? ‘f’lé latsgﬁéw a0 SLE%g 6 Wt % or less. Further additionally or
al t er nat el y J0a41¢ tOtAaidlt&iﬁ'ﬁ)IWKBr aoémhtyljrtogmmatewonngtemeab}(es)addﬁnbnil@uatchI east
about 0.1 wt % based, on ot al vve| or exanpl e at
oast about “65%38 i b5 s DrsRt Tt gra P R ern SRR e op at

| east about s@cahh debcHbediboad, al@ash sa@dubetdcdnta¥omadcishthiration §t@l’s catsiid i onal |y
or alternately, %he total amount of hydrogenation netal ( can be about 35
Wt % or | ess 'gHledPIgAuGt ﬁtée%ﬁlatnettétsg%ﬁte%ratmgogeaftéﬂaglstnotlteaf:meﬁaﬁ% e about 30
wt % or | essgir@hut sodR dohiatiod @88eof about 20 wt % or | ess, about 15 wt % or

| ess, about 10 wt%or |ess, or about 5 wt%or |ess. CL(ISOG An aromatic
saturation (@8AH of i rQIéllf?tlﬁb’) the wageh stEgamsyph batseq tcopee rogea g8 t i ons
including o ut 150C to
about 343, (PR e R e b B R L B A i o about
320C or | esgan@b@tagesso@@lmte hakeproakrong. The h@Blrogen aas b¢ ragyclehingtoB0C or

| ess; an in t | east
about 250C G pABERT I GRln Bk FRBbeA terEMERubRle STOARE 8" o' g
(about 400 psT kg;)drctgynabmpltaceZO/dﬁbgWagls(uatrbahtrmg@@@oploldg)p;rocasshngqmgd hour |y
space vel oci LHS fro about hr-1 to about. .5 hi', for_.exanple about
0.5 hr-1 tol %‘3&1 Yﬁ?estfe %&Vﬁf&ﬂ@&%@@ﬁ@t%aaf%astht SRriatigh Of)tg‘ef rom about
42 5nB/ nB ( abeakingddles hddabt Jromati@dauitioh §2Qe(dNdah B8 cratdted tob@ox@&wanscf 7b131).
I n enbodi me%s _vm re the t ot al hydro%egl flow s ﬁllﬁm red t mai nt ai ned at
2 reduced aRBEHEe P! ASERB RN dG &R0V g Arogpadics Whihsing g, t°r= 193t%ir at i on
stage(s) canfhrir@Rauhs. 45000sIafyl tn&abgutraémhémm b aldssics f or exanpl e
about 4000 scf/bb about 680 5 é | ess, about 3500 scf/bbl (600

5B/ nB) or PE&S caprorEsRAnd teeodlygtoeﬁlb pat eelletretvs?%eso th dyveswgz apdidi t i onal |y
or alternat %tananE by FhRI&NiInkIgak d%}g%n @st1ﬁtrodﬁlc&hlﬁtoetfl@makﬁlg%?a%ébr ation
stage(s) can be at %east about 503’ [ﬁ%about 85 or exanpl e
at | east abdiith afsyl, bﬁcctrsvgsblgaws@eﬁaqheecleﬁm Ptwgsen atgeﬁéaétogaboqﬁt 1000

SCf / bbl (ab(ﬁﬂltod&geg a?gﬁfaﬁg Elp as s?rgam g[lQ(Q? é&ge-rg'tﬁelt %El@% rsﬁea‘?ﬁs 151?(?(111!: let Of
the aromatic saturation stage(s) can advant ag e at | east about 20C
| oner t han tiHecithenpdeveaxingeor atonaie sitwiaen sﬁﬁfgetctreomembmglogtﬂafg@f Note exanpl e

at |east ab %]t g&&el q\ﬁﬁ{ro%eg%a% %ﬁfd S tcoﬁt(l)tgd}) ICl"htlsia‘f‘n¥(irg ﬁtth %OUt 35C

| ower, or at Teast ower . 1t ona or a ate y, the

t enperature 11at1altyhetrodmb®itinmfa detvexing etnget and tl&atcuﬂcadendomto etl a1g>ot(a99 samaatldme at

| east about gOC I omer t han e e ture t e dewaxi ng
sta hloul ot ¢ @l te r{g) er1%the arotma i O rat1

stage, for éX e a eas eas ower,

| east about e&ﬁéﬂﬂneﬂvethp tcadl hyéagetn tadaOgﬁs rzte(ﬁthodma,xn@tanﬂ erastauabmuhnodaSC I ower ,

or at | east about 3 t he. dewaxj ng st (s) can
tvant ageoustgian Bdour BE0 s e P cof ST Loty iat SRl HeTPOEL) et

t enperature safbba@ewt 738183’ /ar) drass or ddut BYARE B! @bouits2880Cnody orlless, about
300C or les o& out 280C g l.es Add% onal |y or aIHg ﬂ 48$¥ the inlet
t enper at ur e HehrShesire %Ffﬂl?egt OB & &%}8%?)“66%%?5 B£8R 'YHBE he i nl et
t enper at ur e o8 stichig iGRd@MHhN@nEiR AR 10 tA BQtas 2B ReAlzad, @R Iscal @k c@XBAPI € about
20C or |ess, about 15C or less, or about 10C or |ess. }006 5] The effective
condi ti ons PEPORienaldHgher-cFu srampleiasien brdrgsaboniy 098 sbhbefaveHSOs ui t abl e
for producing a distillate product having a desired aromatic content. In
enbodi ments where total aronmatic content of the dewaxed and hydrofi ni shed
product can be an issue, a desired aromatic content goal can correspond to
about 5 wt% or |less, for exanple about 4 wt% or |ess, about 3 wt%or |ess,
or about 2 wt%or less. Additionally or alternately where pol yaromatic
hydr ocar bon content of the dewaxed and hydrofini shed product can be an

i ssue, a desired content of polyaromatic hydrocarbons having three or nore
aromatic rlngs can correspond to about 0 02 mt@bor | ess, for exanple about

~ N A~ 2 N7 o ~ o~ A Y. Y4 o T ~ o



processing, in order to reduce the anount of sulfur, nitrogen, and/or
oxygen in the feed prior to exposing the feed to another catalyst that may
be sensi tWoeoti48ivese het er oat om "cont am nants", e.g. , PCO/US2@lad62i1ng
catalyst. A feed can al so be exposed to a catalyst for aromatic saturation
(hydrofinishing) either prior to or after exposure to a dewaxi ng catal yst,
and the aromatic saturation catalyst mhy-additionally or alternately be
sensitive to such heteroatom "contam nants” -21- 100671 In various

enbodi ments, a suitable catal yst for hydrotreat ment may be simlar to or

di fferent f et kutregepsioslddeseironéty andPRivel% kydregen sgancofehewi 404 on
(hydrofinishifg), €.9., which can conprise, consist essentially of, or be a
cat al yst corrposed of one or nore Goup VIIl and/or Goup VIB netals on a
support suclO®] a rrélfhaldewaoqm@st@g(sp)mdthe Suhnaa?bstawammmage(xj@essmgpmst s can

i ncl ude rel at cidic o de as, S

silica-al um%n!a"scate%{mtsﬁ%argte IBFOR- )é% i ﬁmﬁ %me‘%tﬁearhee%tfex‘i"ha“ger& 8‘?%0“%1”%; oup VIII
and/ or Groupep‘lchthmlwﬂch&):mceamthlerde\lvmd@ arldukoradtie smoiatibi mgee,dllth«mghﬁﬁe Ni, Fe,
M, W Pt and comnbi patiops ther I .ndi vi dual rogenat| on
ot al - enbod P HERRSIERETSRBIAR TG vsaf BSGE T B dVPStE TS HIG Ba onl v o
Ni only, whibbeecti metiphyudimgeratiaton swical enmbodi ments can include, but are
not limted to, Pt and Pd, Pt and Rh, NN and W N and Mo, N and Mo and W
Co and Mo, Co and Ni and Mb, Co and Ni and W or another conbi nation. Wen
only one hyg.Qdenabies Bl @htalyst Present, the anount of that hydrogenation
netal can be at least about 0.1 wt % based on the total weight of the

catal yst, fW045kanplSwitshle flevgaxingapglysts gasingjuds mpeleatlansisyetsughberut 0.6 wt %
Addi ti onal | y {a ﬁLEﬁh{érﬁkﬁche S’dhté% 'Dﬁaﬂ%ﬁbﬁ%%ﬂtgﬁ@%'l&glaf@ @e'cahs present,

t he anmount o rogenat can be abou Yoor | ess based
on the tot aICOl‘mllngmonsiSt esmtldblt(é,lcysb’@ ZSMo?, M|ZQSM'5§UZSM 48, xpobdcor | ess,

about 2.5 9%.01 . | s, about
0.9 W % or éé%lé&aa%%ﬁbnag%@&\ﬁ#/f {elgézlsor ab %BN%A* '%}gdo{{éo lel}égls Furt her
addi tionall ylt@nataly,tther matcelhlyr menammmrbhamMessﬁydﬂpgfanabe ol)-membdr i s
DL g L Bl b AT Dhu D He P 0l B P e R o,

| east about aﬂbnﬂﬁrﬁﬁtﬂfpn&ﬂechbﬁﬁéveahmhlbs Aubinaf aniatsiliceadica-ahmina, 0. 6 Wt% at

| east about 0.75 wt % a? eas fabout 1 Eﬁ/ S%) h furth r addi tionally
or alternat éFﬁf’%%&‘ R’éﬂle@ﬂ Py ORE AN er an‘ia§r8 o the

col l ective aﬂmmﬁﬂanaiorhmdfaogenatl on netals can be about 35 w % or | ess based
on the total welght of the catal yst, for exanple about 30 w % or |ess,

about 25 wt B0l |es@neébﬁa%terzs@cma%brlmp%@e Sl 1 mlogulr sicesis theabout 10
W % or | ess gaiffordifieiio alnthdeAL] 1888 in tHR nIIRAGE SBNL In WhEHBddImEansupport ed

metal conprises a noble netal, the amount of noble netal(s) is typically

| ess than aBwlRculr sigvenn hic agilisay duming satiorpd abauth d0R: | or igksdor s 0. 9wt~ %

or less, abeﬁﬁlt@SJ?O%ss()/ﬁ%ﬁt 1281%0r 165, BBAUDNG (Pt 180,R00h 85 Rss, SiibogOUNt S Of

net al (s) ma e neasured by nethods 'specifi ec? 1 ndi vi 3

metal s, inc W@dwn@Sfbuébddnmnally o dliethately, dleomm@ulawve can haveasﬂlca to

2011/ 143396P kPt [0 .

i nductively %%%%&aﬁag%%é% uotr?]gﬁ fé)%%g%ﬁ)cl)é;&té%gtcat%?ﬁ%tlf ?ﬁ%’eﬁ@@ﬁ%@l or the

like. [0068]0Hytd¢®terbea1t65mg conditions can typically include one or nore of

the foll ow ng: e t o about 4 | e from about 150C

to about 408@43? B%(%gl{) %68’&?0{1@3%’ %‘g@@(’naﬁ HS?‘ g%éjﬁwﬁ’é{’?%ial pressure

and/ or a t otathlygrces sisd eptfohamlﬁbpmferably'alnMBa@at(laabmnb n?e(fwhp&bganaﬂi(m about 20.8

MPag (about 3000 psi | e from abqut 400 psig) to

about 13.9 R/P’E@‘m(egtbﬂgi‘ a?b%ﬁouﬁ)éﬁgp meta]. §bléa&z° @@PBSZFISWG C(j}‘ 1ng ULt r om about

0.1 hr-1 toaabRulimked @I Ptlprd, ﬁ\pror%aﬁpinenctmaé&abcwﬁen(a nletdlhydrofénaBbout 5 hr-1

or fromabout 1 hr-1 to about 10 hr-1; and. a rogen to feed treat gas

ratio from AYBRRNCRES BivEmhghe denating sHEYE ErY 151511“516 %téeaafba&etlt U7t shFns (about
10, 000 scf/ lphbdp viliOheteX RiRknis Q%a@%‘dﬁt oliQthrﬁéleaﬁ abé\ﬁ@%twt%)@ple%@f/ bbl) to
about 850 SnB/nB (about 5000 scf/bbl). is noted that, in some

enbodi nment s 2bquhé-Opgapt IngpHrbeyEhS titealr a@%“ﬁm% S0rvitheAdfsigasing and ar omati c
saturation stages can be controlled to be |less than a desired val ue, such
as about 4500 scf/bbl (about 800 SnB/nB) or less. In nost enbodi nents, any
hydr ot reat nent stage(s) |ocated upstream of the dewaxi ng and/or aromatic
saturation stages are not included in this total hydrogen treat gas rate
val ue, though, in other enbodi nents, a total hydrogen treat gas rate for
conbi ned hydrotreat nent, dewaxing, and aromatic saturation stages may stil
be about 4500 scf/bbl (about 800 SnB/nB) or |ess, for exanple about 4000
scf/bbl (about 680 SnB/nB) or | ess, about 3500 scf/bbl (600 SnB/nB) or

o NN PN PN o r AN~ N o ~ o -~ 4 .




hydr ogen stream 107 coul d be introduced via the sane conduit. The feed can

then be exposed to the dewaxing catal yst 110 under dewaxing conditions. A

guench stweamil339%an be introduced after the first dewaKiTAag2bed3c210 to

nodify the tenperature of the - 23 - at least partially dewaxed feed. Note

t hat quench stream 115 is optional, and m ght not be present in sone

enbodi nents. For exanple, quench streaMilS m ght not be present in an

enbodi ment that involves only one dewaxi ng bed or stage. The optionally

quenched, at |east partially dewaxed feed can then be exposed to second

dewaxi ng catahepry@@lybg@dmaxmgmq@}ystsqachmde aboud il § vele entessodlzedpiogr Yédi ti ons.

The effluen i S ed with

guench stregnéagg?&gﬁp w@fisgﬁwﬁﬁ%ﬁ% ibg?ti%%%%g?%%n&%ﬁg gg\'t%%qpéeggycl ed

portion of prddmttow%mhs&% (not shovvn) The quenched dewaxed stream can

t hen be exp @f& to gr onat | ctf at unrta on galt]a Y5la 120 yn et Iifnel%' ve

aromati c sa JI on flﬁ?/%? ek |Sng 8‘6’n)8 § FEHE! S C‘r‘ esuI 8 éiewaxed

relatively KRWpavmetaldlydtogslalnostdrﬁ;ﬁﬂibﬂt%chamw‘tdn%r Nod éii gﬁshf urt her

pr ocessi ng, an be add e dje ool without further

P ocessi ng. b RS o ey B B pars ARG ot HaT e b Ehe

dewaxi ng anmbaaraeaataxwe@buhat}m@ \gBages, Rf exaplphCe tbakthbs@paras af eact ors. As
d 205 and a hydrogen stream 207 are jntroduced into a first

in FIG 1,

react or Thie egautéaﬁnwvmgatﬂea%%ﬁag%%w% dedrierlly ¢ akaraiey M webeds or
stages 210 @ﬁﬁocﬁ&énts"hﬁb&R&akﬁ@@&tal?bt‘%@&&clﬁhé@&Jﬁt?ﬂét%@ﬁle&%f&ﬁé@r@ ced between
dewaxi ng cat al yst beds 210 and 2 In the enbodi nent shown in FIG 2, the

ef fl uent fr dBo&LdENERMAY BRHd S WK BéespabardOmiter eshaheut e¥changfer 240 in
order to comit QbodtPe WEIRAERL dHaBout TGO 164, &f ddeytttrdd QBoliRnhaRt
exchanger can ‘then be exposed to aromatic saturation catalyst in bed 220,

al ong wi t h @pvaxdsdataligtican;iehede I‘r‘i%ﬂ/@d’éirﬁseherlé’émgmon TRl eampenentndp dewaxed,
relatively

S S R e e R

pr ocessi ng. nfeGd 7@ EInCts Ji dechNsa@MermManémcommwlenany@ddw eat nent st age
I s shown pl’i :]O tqevgr?%)e(rlnpgdn%teatggﬁe ewax cat 1 étuse accor r$nd a hydrogen
stream 367 are Introduce lilly realtnigre £y eac glélé Re feed can
be hydr ot r eatvedticmnde ndvehfagaiusly @e (Irlmahttofﬂ]ﬁ$)rdsﬁlcpbﬁdﬂlﬁJEalﬁiVbraitrdgelaSt partially
hydrotreate effl uent. 37 The rotre ef nt C arated in
oot 1 onal - sefHIHBPRTE (B UEuYSS it iEdaSt bt s AME TR epar at o
i's prezlent, aﬁd]bISZSﬁ&IBaﬁth@%VS(fﬂftedc’itﬁmd ZQfmtgaSlli@Hl&Seﬂurﬁtﬂltﬁlmbﬁﬁﬁbﬁ, such az
H2S and/ or NH3, at can be produce rin rotreatnent. The separate
ef fluent 388 %ﬁéﬂﬁ%a@@tﬁ%géamﬁmer gé&ﬁsﬁ?g@%ai@raleﬂﬁteona| ly but

preferably ahieBe cwatyiat Fhs&iyedh ﬁﬁﬁlﬂe $Idﬁrﬁ@mo§£lao rﬁéna&f rth@eohtegsFmﬂewam ng bed,
the feed can OPtI onal Iy be quench th stream 315, and then can be passed

into the - Qnaée@étﬁ@a@éw&bier@mﬂ»e& csqmcluA%BUh?eﬁUqUeﬁ%d%ors%ﬁl\ééﬁl 325 can be
used to Com[(Wsiot]the AG&H&%@M{& %@J 'E&n%%'cﬂzgaét%}ﬁe&i nB

aromati c saturation catal The resultin devvaxe reI atively
| ow ar omat i @lldpwe[orgcqlﬁml@% arsaof thaeptalypidatgbe fOLﬂJSIITé#CG W@Q@b@l ng, or can

be added t Oc!itg'lg tdﬁﬁésglsulffatéglarﬁgg%k b‘é"c&l%’é{ltted Eéyé& Ql?gnagf %%?ﬁi?llo [0073] Not e
that, in some Tternative e ment's, separator 70 “can be omitted.
Instead in phmsme&yr‘daidluﬂeglths,BEéﬁhebthmhﬁor Qﬂﬁcezana theasdicnect [Fyeveas caded into
the dewaxi n%fl utcli‘e%eﬁla} %hﬁ amouﬁJ[ olt1 oli Odl ent VG{S’LIS Emger ctonteﬁ/tl taﬁUf £l Cb | ent

hydr ogen i nc e cascade SREEFVHY dlrogen stream
305 opti OnaldetellnhlnahfomhBEZHS@SIbememd(eéeSPQQdOHnb@f,MFITLQU'QLVF Ea@GS. (19783 depi ct

enbodi nent s h two dewa be s/ sta are.conbi ne th a single
ot o sadtr Gt ofheputirers sR et SR BT e S e RBTAY Bhea o her
enbodi ment s st aich prGidad ﬂammgeﬁmnblsa% sk a@ldeoralic podstin fleaBwex kg
bed(s)/stag i n conbination w h5|n le or multiple aromalc saturation
bed(s)/ st aggi@)mewrme%tﬁeﬁaﬁal £© LD Pf&ffentSéhegmwf%aerfeﬁﬂ% Bk or heat

exchange) i @xt@ﬁhmgecechewnﬁégaobﬁ‘d&tﬁmgﬁfone eﬁb&ﬁﬁwﬁeﬂﬂe pEodMdde®f sat uration
beds/ stages, prior to the initial bed/stage in the dewaxm [ "hydr of i ni shi ng

process, af fHfropRse pyikce prmrelasing fstha tpéal Ptﬁfatcﬁéreae%%uﬁ@ﬁﬁ ?HSFJ? &hi ng
process, and/or between the final dewaxing bed/stage and the initial
aromatic saturation bed/stage. O her Enbodi nents [0074] Additionally or
alternately, the present invention can include one or nore of the foll ow ng
enbodi nent s.



[ 0075] Enbodi nent 1. A nethod for producing a diesel fuel, conprising:
treating a distillate boiling range feed by contacting the feed with a
dewaxi ng waralys3vander effective dewaxi ng conditions t@Crarspela/osenaxed
effluent, the effective dewaxi ng conditions including a dewaxing inlet
tenperature and a dewaxi ng outlet tenperature, the dewaxing catal yst
conprising a zeolitic molecul ar sieve-&hd a hydrogenati on netal ; quenching
t he dewaxed effluent; and treating the quenched dewaxed effluent with an
aromatic saturation catalyst different than the dewaxi ng catal yst under
effective alwpmbpe 8% foraxaneme eidendi aboviniS e ot least mhaat oot letraohavy a

f
concent rat | asyofs ARNANYFAL iy Y AHORAELANS Mulchdo S0 or IRERFd DS ©

about 0.02 wm% or |ess e ar rratlc turation conditions

i ncl udi ng atetilshgaceaapanr bt ahoat 65% @Fess, fohetanipde apput] Weser lessalboutZ0G | ower
than the de b erature, wherein the dewaxed effluent, the
quenched de%géésggr%ﬁ 5%/%&%33 both exhibit a cloud point at |east 10C | ower
t han a cl oud0g&di] nt o!tddtthﬁaldy ﬁtaﬂtbﬂn@l‘eE tho idbwaring andyst éﬁ&dmpﬁ%dcdﬂ@ﬁtr ein the

distillate boili e enchdde effluent, .or both
oo bi ta coneukl ab SRSyt gl B RS R SRS it ol o oy
rings of abal#rnilel)Bhabidd@ forThe Eutalysd CatGhdadrachixant ofbinddr fRickigd for produci ng

a diesel fuel, COfT'pr sing: treating a distillate boiling range feed by
contacting CHiPBgauRITa a2 dewaxi ng catal yst under effective dewaxing

condi tions §eus29r McAdRaseekifd {an e BErforhRE b%%}%@ﬁlgweeqﬁm Rg conditions
i ncluding a dewaxing inlet tenperature and ewaxi ng outl et tenperature,

t he dewaxi ngewasing sailysewier ¢f&ichyr (gateletvlidevexinptandiioar. Bffestiee davaxmg
hydr ogenat i 9&&*@%@% 1‘119":!@&1“9&]{6 gn{o@oﬁﬁéﬂ%ﬁ&%g eHﬁJeIamr@QFlatt a?t%btgg the
waxed e at ur

qguenched de uent wth an aromatic tion catal yst different
than the dedeXiFrighaub2@l§s torendeple ef lbastatione> Wb mabit@ 884D at daastamodondi ti ons

ol udt ng_ 2odRlBleut #1IPR 3 H16T 8,1 BE-ALRTRLLECSAL MALLAR By 0L T Fer s

fromthe dewaxi erature eI et

t enperat ure 75@% (ath)at 0900per lcsssfat maamlecmbowﬂagﬁ? (beaun @7 Eboot le@@Dabot | ess,

wher ei n the f, uenched uen r, poth
exhibit a cI6 pooluﬁfi3 {j)u? e%ts’étarf Pgressur %ﬁy\gﬁcﬁou%égd %Sl%{ab?)lﬁ 2tgrbte
distillate Mﬂag) figr exanple af lessdabduOSH0Hs ienblowdit B MPag), amastm%ddn@ﬂ) efig enmbodi nent

1, wherein e | rature f t he ro i aturation js about 320C
or |ess. kfg@]nE%@ﬁ)a E?ﬁﬁeaStfhgutrt@{)% ;@o%@?@rﬁ prﬁssu’(ﬂt’g?'%(?uﬁ t he

di ﬁt L! | at e heid pstgab@mgemag}i?r lésb,efoﬂ&@ﬁ@%eigoﬂﬂmﬂ)(@g @Bf)tltﬁ@mé[Pag)ror bot h

exhiblt a concentratjon.o (0] al 0 tic yar ons t three or nore
rings of abgtif %O%ébwm% b(ﬁvﬁﬁé M%%S"W%*r@iarli’ot‘t?@gtpﬁlﬁé He -qdER8hYd dewaxed
ef fluent wi téas ;aNigRfdHTBEY @pa@@téltatgl(pnsv%fadtyeﬁtt aPERAUARS, for BaRglGEt having a
content of ?O yaromatl %iqgroca ons , havi ng three or,nore rin S of about

91

0. 02 w % or 19agiegoutge a0 157, origblenss abryd [ ST sy LESY ¢ffabee previ ous

enbodi ment S,IO\M‘E&%s@ 8r c%i‘ff@1er!1%61utt5r(}91~?1rtl oQﬁ:%s hedue3 bk &h@ssdﬁ)‘é@txl MBr'tgreat ment
and the aromatic saturat %on treatment is less than about 4500 scf/bbl

(about 800 Sns/rB)out {-HGBOEMSCIihNEREE treatigas it Gblewt abayy SUhel/bhl t he
e ot BT S S LIy S g bl
-26- least about 1000 scf/bbl (about 170 Sm*/m"); a (hydrogen) treat gas rate of about 2000

scf/bbl (about 340 Sm*/m?) or less, for example about 1500 scf/bbl (about 260 Sm*/m?)

or less or about 1250 scf/bbl (about 210 Sm*/m”) or less.

[0053] In various embodiments, a catalytic dewaxing stage may be referred to as

a “sweet” or a “sour” stage. This characterization of the catalytic dewaxing stage can

refer to the sulfur and/or the nitrogen content present during catalytic dewaxing. In the

discussion provided herein, the sulfur content and the nitrogen content present in a

catalytic dewaxing stage will be described in terms of a concentration of sulfur or



100811 Enbodi nent 7. The nethod of any one of the previous enbodi nents,
wherein a surface area of the aromatic saturation catalyst is at |east
about 750WOR0Y/14pPE82] Enbodi ment 8. The net hod of any omE€TAS201h@®3@MEVI OUS
enbodi nents, wherein the dewaxi ng catal yst conprises a zeolitic catalyst
and the aromatic saturation catal yst conprises a non-zeolitic catalyst.

[ 0083] Embodi nent 9. The method of any-éhe of the previ ous enbodi ments,
wherei n quenchi ng the dewaxed effluent conprises using a heat exchanger
using a recycled effluent fromthe aromati c saturation treatnent, or both.
[ 0084] Enbodinitiegen inghe fppde My dyed itas ungiatptagd ehapsonpers abpéme@w@urémy@m ment s,

wher el n CONGARELNAL! BenE SR LA SENRIKLRG CALAL YT LARIPHSES pERET act | ng

the feed w gast two dewaxi ng cat urt her
conpri si ng quémchitayinart, @idfNHentn txamwieccrfmtgas:phm mtrogdn@oﬁtramstantbédlsof

dewaxi ng ca Xi ng

cat al yst. ég%iﬁénﬁogl %%”%§H&$%£k hﬁﬁ%ﬂ%h%ﬁﬁg ﬂgggﬁgﬁﬁﬂgﬁgln each
bed of demagam@msakmkwsﬁumas a demaX|ng inlet tenperature, the demaX|ng

i nlet tenpe r .the second, bed rre ondi ng_ap rOXI

tomper arut o 0GA o dudERIRGIBE bes: B ERRR S BRP AR ihe i r st
bed of dewaamf@gelclalbadeysh the[t@t@ﬁsﬁ]fﬁf‘ﬂiﬁdmt‘fﬁgéﬁ prkgent fEnneivér&ith@dellcgﬁt ame one of the
previous e i ments rei ic saturation, catalyst conprises

al um na- boﬂﬁnéjrmww‘ee SSTT%H%égP%éﬁi 3° SPFHES HEORSH'“d Y'%fﬁli}géﬁ’fféleéf t he
previ ous e”ﬁﬁdﬁEﬁﬂh&ngﬂ@&ﬁ@hﬂﬁ&B&Mﬁmﬂﬂﬁ&ﬁﬁm%@éﬁ&ﬁ%tQﬂiﬁa%@ﬁﬁsﬁwﬁonpr'SeS
fromabout 0.1 % t o about 5 wt % of a conbi nati on. thereof

Exanpl e f or SGHE 2Bh v shedld bocloges Vesirdstersingng thoogghtrres psmibighng exanpl e

is based Onopﬁﬂﬁﬁﬁﬁoéﬁﬂyhékhgm%\Mﬁgﬁgf%e%&&%&h&nﬂ9gﬁ| I'n the simulations,
a feedstock is represented as a plethora of groups of nol ecul es, based on

the carbon HMSEr ofAstused hatinoudatdytiandvities siedesanbaghagicisizedofs at he
mol ecul es. Bgsed s?a@e W‘t% g g?%&ﬁﬂtﬁf)ﬂgén th@&lﬁfu? S“(%n‘?e% %%b&ﬁrzsé Q’ﬁ%]?l JpL@tion

(such as pressure ure rogen treat gas ra or space
velocity, i tﬁchrevcaralbla abqut ﬂ@(lawpmoi ]IGSSI’DT@delL’ﬁO afpplmroehasi i Ao asatsed lﬁmm,@ach group

of molecul es, s é\x?a%ned 2 O b e Wih A2 ?tas‘?a Lot A0S g Rk o ocPHL LA © reaction
order and/ oF*Peact i GREARE" &t ¥3ereﬁi ? és grouBs 6? mol ecul es can
be obtalnedw&&@ﬂmbm@nmmMHM$hgﬁaktﬂ@ﬂaﬂmrﬂthqu@aekMQMegemmwhm1

about 1000 wppm, greater than about 1250 wppm, or greater than about 1500 wppm.

With regard to nitrogen, a catalytic dewaxing stage can be characterized as a “sweet”

stage when the nitrogen content is about 20 wppm or less, for example about 15 wppm

or less or about 10 wppm or less, and catalytic dewaxing stage can be characterized as a

“sour” stage with respect to nitrogen when the can correspond to about 30 wppm or

more of nitrogen or about 50 wppm or more, or about 60 wppm or more. As noted

above, the concentration of sulfur and/or nitrogen can be in the form of organically

bound sulfur and/or nitrogen, gas phase sulfur and/or nitrogen, or a combination

thereof.

[0056] At the time a feed is exposed to a catalytic dewaxing stage, the feed may

be hydrotreated or not. In some embodiments, a “sweet” feed, e.g., a relatively low

sulfur feed, can be passed into the catalytic dewaxing stage(s) prior to hydrotreating.

Alternately, a hydrotreatment stage followed by a separator can be included as part of

the reaction system to attain a “sweet” feed via hydrotreating. There are also several

options that can lead to a “sour” feed condition. If the feed is not hydrotreated or is

only partially hydrotreated prior to the catalytic dewaxing stage(s), the sulfur content in



-27 - order and/or

reaction rate data can be generated experinentally. The

products of the reaction calculations for each group of nol ecul es are used
t o det er iwoeomm4adsbput product in the sinulation. |In theCraseeiomso21l

cal cul ations, aromatics equilibriumcan also be considered and preferably
used to nodify the calculated aromatics content in the product. [0089] A
hydrotreated di esel generated froma blénd of 70% petrol eum (mineral)

di esel fraction and 30% Tall oil was used as feed for a process sinmnulation.
Table 1 shows the feed properties for the sinulated feed. Table 1: Feed
Properties Hredpehwil cratéie Tie detcaiPlfie dewax@essee kit jelanslydad-sgar Sul f ur

[wppn] <3 %‘Bﬁt&ﬁggﬂel[nw@f}Mf thatfeed is hydrotreated prior to catalytic dewaxing, the feed to

the catalytic dewaxing stage can be a direct cascade containing substantially all liquid

and gas phase products from the prior hydrotreatment stage, in which case any organic

sulfur still in the feed and/or any gas phase sulfur generated in the hydrotreating stage

can be passed into the catalytic dewaxing stage(s), thus rendering the feed “sour”.

[0057]

The amount of organic sulfur in the hydrotreated feed can be at least about

1 wppm, for example at least about 5 wppm, at least about 10 wppm, at least about 20

wppm, at least about 30 wppm, at least about 50 wppm, at least about 100 wppm, at

least about 250 wppm, or at least about 500 wppm. Additionally or alternately, the

amount of organic sulfur in the hydrotreated feed can be about 1000 wppm or less, for

example about 750 wppm or less, about 500 wppm or less, about 250 wppm or less,

about 100 wppm or less, or about 50 wppm or less, about 30 wppm or less, about 20

wppm or less, or about 10 wppm or less. In some embodiments where a feed is

cascaded from a hydrotreatment stage to the dewaxing stage, the amount of gas phase

sulfur cascaded into the catalytic dewaxing stage can be at least about 2000 vppm, for

example at least about 5000 vppm or at least about 10000 vppm.

[0058]

In a preferred embodiment, the feedstock to the dewaxing stage(s), the

dewaxed feedstock passed to the aromatic saturation (hydrofinishing) stage(s), or both

can have a content of polyaromatic hydrocarbons having three or more aromatic rings

of at least 0.08 wt%, for example at least 0.1 wt% or at least 0.15 wt%. Additionally or

alternately, the dewaxed feedstock passed to the aromatic saturation (hydrofinishing)

stage(s), the dewaxed and hydrofinished product, or both can have a cloud point at least

about 10°C lower than the cloud point of the feed into the dewaxing stage(s), for

example at least about 20°C lower, at least about 30°C lower, or at least about 40°C

lower. Further additionally or alternately, the cloud point of the dewaxed feedstock

passed to the aromatic saturation (hydrofinishing) stage(s), of the dewaxed,

hydrofinished product, or of both can be about -35°C or less, for example about -40°C

or less or about -50°C or less.

Hydrofinishing Process and Catalyst




Oxygen [wppn] 500 Cdoud Point [C] -3 -30 Total Aromatics [vol% 17 <4 3+
Ring PAH [vol%4 0.1 <0.02 Distillation (D86) [C] Initial Boiling Pt. 205
10% WO 2011/143396 PCT/US2011/036211
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[0059] In an embodiment, an aromatic saturation (hydrofinishing) catalyst can
comprise, consist essentially of, or be a Group VIII and/or Group VIB metal on a
support material, e.g., an amorphous support such as a bound support from the M41S
family, for instance bound MCM-41. In some cases, certain hydrotreatment catalysts
(as described below) can also be used as aromatic saturation catalysts. The M41S
family of catalysts can be described as mesoporous materials having relatively high
silica contents, e.g., whose preparation is further described in J. Amer. Chem. Soc.,
1992, 114, 10834. Examples of M41S materials can include, but are not limited to
MCM-41, MCM-48, MCM-50, and combinations thereof. Mesoporous is understood
to refer to catalysts having pore sizes from about 15 Angstroms to about 100
Angstroms. A preferred member of this class is MCM-41, whose preparation is
described, e.g., in U.S. Patent No. 5,098,684. MCM-41 is an inorganic, porous, non-
layered phase having a hexagonal arrangement of uniformly-sized pores. The physical
structure of MCM-41 is similar to a bundle of straws, in which the opening of the
straws (the cell diameter of the pores) ranges from about 15-100 Angstroms. MCM-48
has a cubic symmetry and is described, for example, in U.S. Patent No. 5,198,203,
MCM-50 has a lamellar structure.

[0060] MCM-41 can be made with different size pore openings in the
mesoporous range. If binders are desired to be used, suitable binders for the M41S
family, and specifically for MCM-41, can include alumina, silica, titania, silica-
aluminas, or a combination thereof. Relatively high specific surface areas are possible
with such catalysts, such that, in one embodiment, the surface area of the catalyst can
be at least about 500 m*/g, for example at least about 600 m*/g. In some embodiments,
an even higher surface area catalyst can be selected to further facilitate the aromatic
saturation process, for example at least about 750 m*/g, at least about 850 m?/g, or at
least about 950 m%/g.

[0061] One example of a suitable aromatic saturation catalyst is an alumina-
bound mesoporous MCM-41 with a supported hydrogenation metal thereon/therein,
e.g., Pt, Pd, another Group VIII metal, a Group VIB metal, or a mixture thereof.
Individual hydrogenation metal embodiments can include, but are not limited to, Pt
only, Pd only, or Ni only, while mixed hydrogenation metal embodiments can include,

but are not limited to, Pt and Pd, Ni and W, Ni and Mo, Ni and Mo and W, Co and Mo,
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Co and Ni and Mo, or another combination. When present, the amount of Group VIII
hydrogenation metal(s) can be at least about 0.1 wt% based on the total weight of the
catalyst, for example at least about 0.5 wt% or at least about 0.6 wt%. Additionally or
alternately, the amount of Group VIII hydrogenation metal(s) can be about 5.0 wt% or
less based on the total weight of the catalyst, for example about 3.5 wt% or less, about
2.5 wt% or less, about 1.5 wt% or less, about 1.0 wt% or less, about 0.9 wt% or less,
about 0.75 wt% or less, or about 0.6 wt% or less. Further additionally or alternately,
the total amount of hydrogenation metal(s) can be at least about 0.1 wt% based on the
total weight of the catalyst, for example at least about 0.25 wt%, at least about 0.5 wt%,
at least about 0.6 wt%, at least about 0.75 wt%, or at least about 1 wt%. Still further
additionally or alternately, the total amount of hydrogenation metal(s) can be about 35
wt% or less based on the total weight of the catalyst, for example about 30 wt% or less,
about 25 wt% or less, about 20 wt% or less, about 15 wt% or less, about 10 wt% or
less, or about 5 wt% or less.

[0062] An aromatic saturation (hydrofinishing) stage can typically operate at
conditions including one or more of the following: a temperature from about 150°C to
about 343°C; an inlet temperature of about 340°C or less, for example about 320°C or
less, about 300°C or less, about 280°C or less, or about 260°C or less; an inlet
temperature of at least about 230°C, for example at least about 250°C or at least about
275°C; a total pressure from about 2.9 MPag (about 400 psig) to about 20.8 MPag
(about 3000 psig); a liquid hourly space velocity (LHSV) from about 0.1 hr™! to about 5
hr!, for example about 0.5 hr'! to about 3 hr''; and a hydrogen treat gas rates can be
from about 42 Sm*/m’ (about 250 scf/bbl) to about 1700 Sm*/m’ (about 10,000
scf/bbl). In embodiments where the total hydrogen flow is desired to be maintained at a
reduced amount, the hydrogen treat gas rate in the aromatic saturation stage(s) can be
about 4500 scf/bbl (about 800 Sm*/m?) or less, for example about 4000 scf/bbl (about
680 Sm*/m’) or less, about 3500 scf/bbl (600 Sm*/m*) or less, or about 3000 scf/bbl
(510 Sm’/m’) or less. Additionally or alternately, the hydrogen treat gas rate in the
aromatic saturation stage(s) can be at least about 500 scf/bbl (about 85 Sm*/m?), for
example at least about 750 scf/bbl (about 130 Sm*/m’) or at least about 1000 scf/bbl
(about 170 Sm*/m’).
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In embodiments where total aromatic content of the dewaxed and hydrofinished
product can be an issue, a desired aromatic content goal can correspond to about 5 wt%
or less, for example about 4 wt% or less, about 3 wt% or less, or about 2 wt% or less.
Additionally or alternately where polyaromatic hydrocarbon content of the dewaxed
and hydrofinished product can be an issue, a desired content of polyaromatic
hydrocarbons having three or more aromatic rings can correspond to about 0.02 wt% or

less, for example about 0.015 wt% or less or about 0.01 wt% or less.

Hydrotreatment Catalyst

[0066] In some embodiments, a feed can be hydrotreated prior to further
processing, in order to reduce the amount of sulfur, nitrogen, and/or oxygen in the feed
prior to exposing the feed to another catalyst that may be sensitive to these heteroatom
“contaminants”, e.g., to a dewaxing catalyst. A feed can also be exposed to a catalyst
for aromatic saturation (hydrofinishing) either prior to or after exposure to a dewaxing
catalyst, and the aromatic saturation catalyst may additionally or alternately be sensitive

to such heteroatom “contaminants”.
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[0067] In various embodiments, a suitable catalyst for hydrotreatment may be
similar to or different from catalysts described herein for aromatic saturation
(hydrofinishing), e.g., which can comprise, consist essentially of, or be a catalyst
composed of one or more Group VIII and/or Group VIB metals on a support such as a
metal oxide support. Suitable metal oxide supports can include relatively low acidic
oxides such as silica, alumina, silica-aluminas, titania, or a combination thereof. The
supported Group VIII and/or Group VIB metal(s) can include, but are not limited to,
Co, Ni, Fe, Mo, W, Pt, Pd, Rh, Ir, and combinations thercof. Individual hydrogenation
metal embodiments can include, but are not limited to, Pt only, Pd only, or Ni only,
while mixed hydrogenation metal embodiments can include, but are not limited to, Pt
and Pd, Pt and Rh, Ni and W, Ni and Mo, Ni and Mo and W, Co and Mo, Co and Ni
and Mo, Co and Ni and W, or another combination. When only one hydrogenation
metal is present, the amount of that hydrogenation metal can be at least about 0.1 wt%
based on the total weight of the catalyst, for example at least about 0.5 wt% or at least
about 0.6 wt%. Additionally or alternately when only one hydrogenation metal is
present, the amount of that hydrogenation metal can be about 5.0 wt% or less based on
the total weight of the catalyst, for example about 3.5 wt% or less, about 2.5 wt% or
less, about 1.5 wt% or less, about 1.0 wt% or less, about 0.9 wt% or less, about 0.75
wt% or less, or about 0.6 wt% or less. Further additionally or alternately when more
than one hydrogenation metal is present, the collective amount of hydrogenation metals
can be at least about 0.1 wt% based on the total weight of the catalyst, for example at
least about 0.25 wt%, at least about 0.5 wt%, at least about 0.6 wt%, at least about 0.75
wt%, or at least about 1 wt%. Still further additionally or alternately when more than
one hydrogenation metal is present, the collective amount of hydrogenation metals can
be about 35 wt% or less based on the total weight of the catalyst, for example about 30
wt% or less, about 25 wt% or less, about 20 wt% or less, about 15 wt% or less, about
10 wt% or less, or about 5 wt% or less. In embodiments wherein the supported metal
comprises a noble metal, the amount of noble metal(s) is typically less than about 2 wt
%, for example less than about 1 wt%, about 0.9 wt % or less, about 0.75 wt % or less,
or about 0.6 wt % or less. The amounts of metal(s) may be measured by methods

specified by ASTM for individual metals, including but not limited to atomic
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absorption spectroscopy (AAS), inductively coupled plasma-atomic emission
spectrometry (ICP-AAS), or the like.

[0068] Hydrotreating conditions can typically include one or more of the
following: a temperature up to about 426°C, for example from about 150°C to about
400°C or from about 200°C to about 350°C; a hydrogen partial pressure and/or a total
pressure from about 1.5 MPag (about 200 psig) to about 20.8 MPag (about 3000 psig),
for example from about 2.9 MPag (about 400 psig) to about 13.9 MPag (about 2000
psig); a space velocity (e.g., LHSV) from about 0.1 hr”' to about 10 hr'', for example
from about 0.1 hr' to about 5 hr™ or from about 1 hr™" to about 10 hr''; and a hydrogen
to feed treat gas ratio from about 85 Sm*/m’ (about 500 scf/bbl) to about 1700 Sm’*/m’
(about 10,000 scf/bbl), for example from about 170 Sm*/m’ (about 1000 scf/bbl) to
about 850 Sm’/m’ (about 5000 scf/bbl). It is noted that, in some embodiments, the total
hydrogen treat gas rate in the dewaxing and aromatic saturation stages can be
controlled to be less than a desired value, such as about 4500 sct/bbl (about 800
Sm’/m*) or less. In most embodiments, any hydrotreatment stage(s) located upstream
of the dewaxing and/or aromatic saturation stages are not included in this total
hydrogen treat gas rate value, though, in other embodiments, a total hydrogen treat gas
rate for combined hydrotreatment, dewaxing, and aromatic saturation stages may still
be about 4500 scf/bbl (about 800 Sm’/m”) or less, for example about 4000 scf/bbl
(about 680 Sm’/m’) or less, about 3500 scf/bbl (600 Sm’/m’) or less, or about 3000
scf/bbl (510 Sm*/m?) or less.

Sample Reaction Systems

[0069] FIG. 1 schematically shows an example of a reaction system suitable for
processing of a hydrocarbon feed according to the invention. The embodiment shown
in FIG. 1 depicts a single reactor 100 that includes two beds or stages of dewaxing
catalyst 110 and 111, and one bed or stage of aromatic saturation catalyst 120.

[0070] In the embodiment shown in FIG. 1, a hydrocarbon feed 105 and a
hydrogen stream 107 are introduced into the reactor 100. Optionally, feed 105 and
hydrogen stream 107 could be introduced via the same conduit. The feed can then be
exposed to the dewaxing catalyst 110 under dewaxing conditions. A quench stream

115 can be introduced after the first dewaxing bed 110 to modify the temperature of the
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at least partially dewaxed feed. Note that quench stream 115 is optional, and might not
be present in some embodiments. For example, quench stream 115 might not be
present in an embodiment that involves only one dewaxing bed or stage. The
optionally quenched, at least partially dewaxed feed can then be exposed to second
dewaxing catalyst bed 111 under similar or different dewaxing conditions. The effluent
from the dewaxing catalyst bed 111 can then be quenched with quench stream 125.
Optionally, quench stream 125 can include a recycled portion of product stream 135
(not shown). The quenched, dewaxed stream can then be exposed to aromatic
saturation catalyst 120 under effective aromatic saturation (hydrofinishing) conditions.
The resulting dewaxed, relatively low aromatic diesel stream 135 can then undergo
further processing, or can be added to the diesel fuel pool without further processing.
[0071] FIG. 2 depicts an alternative embodiment where the dewaxing and
aromatic saturation stages are placed in separate reactors. As in FIG. 1, a feed 205 and
a hydrogen stream 207 are introduced into a first reactor. The feed can thus be exposed
to dewaxing catalyst in beds or stages 210 and 211. An optional quench stream 215
can be introduced between dewaxing catalyst beds 210 and 211. In the embodiment
shown in FIG. 2, the effluent from the dewaxing beds can be passed into a heat
exchanger 240 in order to control the temperature. The cooled effluent from the heat
exchanger can then be exposed to aromatic saturation catalyst in bed 220, along with
optional additional hydrogen stream 225. The resulting dewaxed, relatively low
aromatic diesel stream 235 can then undergo further processing, or can be added to the
diesel fuel pool without further processing.

[0072] FIG. 3 depicts an embodiment where a hydrotreatment stage is shown
prior to the dewaxing stages. In FIG. 3, a feed 365 and a hydrogen stream 367 are
introduced into a hydrotreatment reactor 360. The feed can be hydrotreated under
effective conditions to produce an at least partially hydrotreated effluent 375. The
hydrotreated effluent can be separated in optional separator 370 to remove a gas phase
stream 381. When a separator is present, this can allow for removal of gas phase
contaminants, such as H,S and/or NH3, that can be produced during hydrotreatment.
The separated effluent 385 can then be passed into dewaxing bed/stage 310, optionally
but preferably along with a hydrogen stream 305. After the first dewaxing bed, the

feed can optionally be quenched with stream 315, and then can be passed into the
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second dewaxing bed 311. Another quench stream 325 can be used to control the
temperature before exposing the dewaxed feed to aromatic saturation catalyst in bed
320. The resulting dewaxed, relatively low aromatic diesel stream 335 can then
undergo further processing, or can be added to the diesel fuel pool without further
processing.

[0073] Note that, in some alternative embodiments, separator 370 can be omitted.
Instead in those embodiments, effluent 375 can be directly cascaded into the dewaxing
stage(s). In such embodiments, there may be sufficient hydrogen included in the
cascaded effluent so as to render hydrogen stream 305 optional. It should also be
understood that, though FIGS. 1-3 depict embodiments in which two dewaxing
beds/stages are combined with a single aromatic saturation bed/stage, also generally
contemplated are other embodiments containing arrangements of single or multiple
dewaxing bed(s)/stage(s) in combination with single or multiple aromatic saturation
bed(s)/stage(s), with optional heat control (e.g., quenching and/or heat exchange) in
between dewaxing beds/stages, in between aromatic saturation beds/stages, prior to the
initial bed/stage in the dewaxing/hydrofinishing process, after to the final bed/stage in
the dewaxing/hydrofinishing process, and/or between the final dewaxing bed/stage and

the initial aromatic saturation bed/stage.

Other Embodiments

[0074] Additionally or alternately, the present invention can include one or more
of the following embodiments.

[0075] Embodiment 1. A method for producing a diesel fuel, comprising:
treating a distillate boiling range feed by contacting the feed with a dewaxing catalyst
under effective dewaxing conditions to form a dewaxed effluent, the effective
dewaxing conditions including a dewaxing inlet temperature and a dewaxing outlet
temperature, the dewaxing catalyst comprising a zeolitic molecular sieve and a
hydrogenation metal; quenching the dewaxed effluent; and treating the quenched
dewaxed effluent with an aromatic saturation catalyst different than the dewaxing
catalyst under effective aromatic saturation conditions to form a product having a
concentration of polyaromatic hydrocarbons with three or more rings of about 0.02

wt% or less, the effective aromatic saturation conditions including an inlet temperature
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that is at least about 20°C lower than the dewaxing outlet temperature, wherein the
dewaxed eftluent, the quenched dewaxed effluent, or both exhibit a cloud point at least
10°C lower than a cloud point of the distillate boiling range feed, and wherein the
distillate boiling range feed, the quenched dewaxed effluent, or both exhibit a
concentration of polyaromatic hydrocarbons with three or more rings of about 0.08
wt% or more.

[0076] Embodiment 2. A method for producing a diesel fuel, comprising:
treating a distillate boiling range feed by contacting the feed with a dewaxing catalyst
under effective dewaxing conditions to form a dewaxed effluent, the effective
dewaxing conditions including a dewaxing inlet temperature and a dewaxing outlet
temperature, the dewaxing catalyst comprising a zeolitic molecular sieve and a
hydrogenation metal; quenching the dewaxed effluent; and treating the quenched
dewaxed effluent with an aromatic saturation catalyst different than the dewaxing
catalyst under effective aromatic saturation conditions including an inlet temperature
for the aromatic saturation that differs from the dewaxing inlet temperature by about
25°C or less, the inlet temperature for the aromatic saturation stage being about 300°C
or less, wherein the dewaxed effluent, the quenched dewaxed effluent, or both exhibit a
cloud point at least 10°C lower than a cloud point of the distillate boiling range feed.
[0077] Embodiment 3. The method of embodiment 1, wherein the inlet
temperature for the aromatic saturation is about 320°C or less.

[0078] Embodiment 4. The method of embodiment 2, wherein the distillate
boiling range feed, the quenched dewaxed effluent, or both exhibit a concentration of
polyaromatic hydrocarbons with three or more rings of about 0.08 wt% or more, and
wherein treating the quenched dewaxed effluent with an aromatic saturation catalyst
produces a product having a content of polyaromatic hydrocarbons having three or
more rings of about 0.02 wt% or less.

[0079] Embodiment 5. The method of any one of the previous embodiments,
wherein a combined treat gas rate for the dewaxing treatment and the aromatic
saturation treatment is less than about 4500 scf/bbl (about 800 Sm*/m’).

[0080] Embodiment 6. The method of any one of the previous embodiments,
wherein a sulfur content of the distillate boiling range feed is about 50 wppm or less, at

least about 500 wppm, or both.
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[0081] Embodiment 7. The method of any one of the previous embodiments,
wherein a surface area of the aromatic saturation catalyst is at least about 750 m’/ g
[0082] Embodiment 8. The method of any one of the previous embodiments,
wherein the dewaxing catalyst comprises a zeolitic catalyst and the aromatic saturation
catalyst comprises a non-zeolitic catalyst.

[0083] Embodiment 9. The method of any one of the previous embodiments,
wherein quenching the dewaxed effluent comprises using a heat exchanger, using a
recycled effluent from the aromatic saturation treatment, or both.

[0084] Embodiment 10. The method of any one of the previous embodiments,
wherein contacting the feed with a dewaxing catalyst comprises contacting the feed
with at least two beds of dewaxing catalyst, the method further comprising quenching
an effluent from contact with the first bed of dewaxing catalyst prior to contacting with
the second bed of dewaxing catalyst.

[0085] Embodiment 11. The method of embodiment 10, wherein each bed of
dewaxing catalyst has a dewaxing inlet temperature, the dewaxing inlet temperature for
the second bed corresponding approximately to a temperature, after quenching, of the
effluent from contact with the first bed of dewaxing catalyst.

[0086] Embodiment 12. The method of any one of the previous embodiments,
wherein the aromatic saturation catalyst comprises alumina-bound MCM-41.

[0087] Embodiment 13. The method of any one of the previous embodiments,
wherein the aromatic saturation catalyst comprises from about 0.1 wt% to about 1.5

wt% of Pt, Pd, or a combination thereof.

Example for One and Two Reactor Configurations

[0088] The following example is based on process simulations using a kinetic
model. In the simulations, a feedstock is represented as a plethora of groups of
molecules, based on the carbon number of the molecules and the molecular class of the
molecules. Based on the process conditions selected for the simulation (such as
pressure, temperature, hydrogen treat gas rate, and/or space velocity, inter alia), the
reaction order and reaction rate for each group of molecules is selected to be
appropriate for the group. Suitable reaction order and/or reaction rate data for different

types/groups of molecules can be obtained from the published literature, or reaction
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be considered and preferably used to modify the calculated aromatics content in the
product.

[0089] A hydrotreated diesel generated from a blend of 70% petroleum (mineral)
diesel fraction and 30% Tall oil was used as feed for a process simulation. Table 1

shows the feed properties for the simulated feed.

Table 1: Feed Properties

Property Feed Target
Density @ 15°C [kg/m’] 825 800-830
Sulfur [wppm] <3
Nitrogen [wppm]| <1
Oxygen [wppm] 500
Cloud Point [°C] -3 -30
Total Aromatics [vol%] 17 <4
3+ Ring PAH [vol%)] 0.1 <0.02
Distillation (D86) [°C]

Initial Boiling Pt. 205

10% 214

30% 239

50% 262

70% 284

90% 307

95% 320 300-330

Final Boiling Pt. 333

[0090] Process estimates were conducted for an ~8800 barrel/day (or about 58.3

m’/hr) unit using the feed shown in Table 1. Two approaches were simulated. One
approach was a single-reactor approach that simulated a configuration similar to the
one shown in FIG. 1, while the other approach was a two-reactor approach that
simulated a configuration similar to the one shown in FIG. 2.

[0091] In each of the simulations, three beds of catalyst were simulated. A first
bed of catalyst contained approximately 5 m’ of a dewaxing (isomerization) catalyst. A
second bed of catalyst contained approximately 10 m® of the same dewaxing
(isomerization) catalyst. A third bed of catalyst contained approximately 10 m’ of an
aromatic saturation (hydrofinishing) catalyst. In the two-reactor configuration, this

third bed of catalyst was located in the second reactor. The dewaxing (isomerization)
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catalyst in both beds of both simulations corresponded to an alumina-bound ZSM-48
catalyst including about 0.6 wt% of Pt hydrogenation metal, while the aromatic
saturation (hydrofinishing) catalyst in both simulations corresponded to an alumina-
bound MCM-41 catalyst including about 0.6 wt% of Pt hydrogenation metal.

[0092] In both the simulations, the inlet pressure for the first reactor was set at
about 70 barg (about 7.0 MPag). The estimated temperature profiles for each catalyst
bed are shown in Table 2, which describes similar operating conditions. There is a
small difference in the outlet temperature for the aromatic saturation bed in the single-
reactor versus the two-reactor configuration. This is believed to be due to a difference
in the amount of quench gas used.

[0093] As shown in Table 2, the inlet temperature for the aromatic saturation bed
appears lower than the outlet temperature of the final dewaxing bed. For the single-
reactor configuration, the desired inlet temperature for the aromatic saturation bed can
be achieved by using a relatively large flow rate of quench gas. In the two-reactor
configuration, a heat exchanger can be used to modify the temperature. Table 3 below
shows flow rates for the make-up gas, recycle gas, and quench gas for both

configurations.
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Table 2: Reactor Operating Conditions

Units Single Reactor Dual Reactor

Inlet Pressure Barg (MPa) 70 (7.0) 70 (7.0)
Dewaxing Bed 1 Reactor 1 —Bed 1

Inlet Temp °C 284 284

Outlet Temp °C 306 305

Outlet-Inlet Temp diff. °C 22 21

Bed 2 Reactor 1 —Bed 2

Inlet Temp °C 294 294

Outlet Temp °C 318 318

Outlet-Inlet Temp diff. °C 24 24
Aromatic Saturation Bed 3 Reactor 2 —Bed 1

Inlet Temp °C 274 274

Outlet Temp °C 279 281

Outlet-Inlet Temp diff. °C 5 7

Table 3 — Gas Streams

Units Single Reactor Dual Reactor
Treat Gas to... Bed 1 Reactor 1 —Bed 1
Flow Rate Sm’/m’ 126 251
Quench Gas to... Bed 2 Reactor 1 — Bed 2
Flow Rate Sm’/m’ 83 77
Quench Gas to... Bed 3 Reactor 2 — Bed 1
Flow Rate Sm’/m’ 365 0
(60°C quench gas temp.)
Make up H, gas
Flow Rate Sm’/m’ 73 75
H, purity vol% 95 95
Recycle gas Sm’/m’ 501 253
(excluding make up gas)

[0094] In Table 3, the total gas flow can be determined by adding the flow rate of
make up H gas and the recycle gas. The total gas flow can additionally or alternately

be determined by adding the gas flows of treat gas and/or quench gas delivered to each
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bed. As shown in Table 3, the single reactor configuration appears to require a larger
recycle compressor, since a significant amount of recycle gas is used as the quench gas
to cool the effluent from the final dewaxing bed to the desired inlet temperature for the
aromatic saturation bed. Both approaches produced diesel fuel product meeting
specifications on cloud point, total aromatics, PAH, and endpoint boiling temperature

(95% on D86), as shown in Table 4.

Table 4 — Diesel Properties

Units Single Reactor Dual Reactor Config.
Config.

Specific Gravity @ 60°F Kg/m’ 819 819
(target: 800 — 830)
Total Aromatics (target: < Vol % 4.0 3.9
4)
PAH (3+ ring) (target: < Vol % 0.015 0.015
0.02)
Cetane Index D976-80 572 57.2
Cetane Index D4737 58.9 58.9
Cloud Point (target: -30) °C -31 -30
D86 IBP °C 210 210
D86 10% °C 216 216
D86 30% °C 239 239
D86 50% °C 262 262
D86 70% °C 284 284
D86 90% °C 305 305
D86 95% (target: < 320) °C 313 313
D86 FBP °C 329 329

[0095]  Although the present invention has been described in terms of specific
embodiments, it is not so limited. Suitable alterations/modifications for operation
under specific conditions should be apparent to those skilled in the art. It is therefore
intended that the following claims be interpreted as covering all such

alterations/modifications as fall within the true spirit/scope of the invention.
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of specific enbodinents, it is not so limted. Suitable

al t er at i ome/201di4B396at i ons for operation under specific eomdiseéionss2shoul d be
apparent to those skilled in the art. It is therefore intended that the
following clains be interpreted as covering all such
alterations/nodifications as fall withPh-the true spirit/scope of the
invention. -31 - CLAIMS: 1. A nethod for producing a diesel fuel,

conpri si ng: treating a distillate boiling range feed by contacting
the feed w (hAdM&ewaxi ng catal yst under effective dewaxing conditions to
forma demaﬁed ekﬁﬁee%t%rEggm?fnﬁf&kﬁﬁadgﬁﬁ§g%>_conditions i ncluding a
dewaxi ng i nl'et tenpera urleany'ed demaX|hg Sutl"&t tenperature, the dewaxing
cat al yst conpri sirewginga dgdllité balimplaeguead byséoatseti@nte ecthwithagenatinon net al

hing the d d.effluent: and .. treati hed d d
i1 T uont i RN Breger e S8 o o e yRE A Rel S HRan the. dowad ng

cat al yst underefRétheckiviangtddiiohCinslaldidg adewikiGointdt ehpagtutoandar m a product
havi ng a cogpentration of Eolyaronatic hydr ocarbons with three or nore
rings of ab8BY 0N ik ighprraisEie dpyiexing s GeRABEar e EARUFHT on

condi tions k¢ MdiangdaRetdibeinclagnperature that is at |east about 20C | ower
than the dewaxi ng outlet tenperature, wherein the dewaxed effluent, the
quenched dewaxedd¥pehitgethe dewgxedptfyertiidni t a cl oud point at |east 10C | ower

than a cloud poi ptai@h teh@eibhsd ddwadl LM WAE of 3R8RLE SRGaiANdWREr €I N the
distillate boiling range feed, the quenched dewaxed effluent, "or both

exhi bit a cditemt har thonlewnxiporajalysh eder effepive vematonsryionisordiies tor nore
rings of ab%ﬂn aoprgiﬁlc%a%h% a dgﬂ%e?ltra@onl dgtpm%ll?) _tié Wdr&‘ra%ﬂg{wﬂﬂ tlﬁleeqiresel fuel,

conpri si ng: reati Istil e 'boiling range teed by contacting

the feed wi nferarickswalang0.0awalops tesy idetfeefvicarmiajie seenasi ergdisiondi ti ons to
forma demflﬁféﬂ;dﬁfgfawﬁ&ttem%&ﬁuﬁftﬂaﬁ? 4t YGst AU 5D 1910620 b @ ’&%wéﬂ@t ﬂ;‘?ﬂe{‘g a
dewaxi ng inlet tenperature and a dewaxi ng outlet tenperature, e dewaxi ng
catal yst comqurricsiturg, vehepaoihie tepwaxed klahtathe ghavkedaledasedfilirogenadth on et al ;
quenching t Q)?higi?g\@lég poelIltfalt Pe%g{tl 0°@ ﬂ)gwer than a cloud point of the distillate boiling

range feed, and wherein the distillate boiling range feed, the quenched dewaxed

effluent, or both exhibit a concentration of polyaromatic hydrocarbons with three or

more rings of about 0.08 wt% or more.

2. A method for producing a diesel fuel, comprising:

treating a distillate boiling range feed by contacting the feed with a dewaxing
catalyst under effective dewaxing conditions to form a dewaxed effluent, the effective
dewaxing conditions including a dewaxing inlet temperature and a dewaxing outlet
temperature, the dewaxing catalyst comprising a zeolitic molecular sieve and a
hydrogenation metal;

quenching the dewaxed effluent; and

treating the quenched dewaxed effluent with an aromatic saturation catalyst
different than the dewaxing catalyst under effective aromatic saturation conditions
including an inlet temperature for the aromatic saturation that differs from the
dewaxing inlet temperature by about 25°C or less, the inlet temperature for the
aromatic saturation stage being about 300°C or less, wherein the dewaxed effluent, the
quenched dewaxed effluent, or both exhibit a cloud point at least 10°C lower than a

cloud point of the distillate boiling range feed.



treating the quenched dewaxed effluent with an aromatic saturation catal yst
different than the dewaxi ng catal yst under effective aromatic saturation
condi ti orsOi2otl/4889ag an inlet tenperature for the aronmaPCt/Gsaeadibn t hat
differs fromthe dewaxing inlet tenperature by about 25C or |l ess, the inlet
tenperature for the aromati c saturation stage bei ng about 300C or |ess,
wherein the dewaxed effluent, the quenéhed dewaxed effluent, or both
exhibit a cloud point at |east 10C | ower than a cloud point of the
distillate boiling range feed. -32 - 3. The nmethod of claim 1, wherein
the inlet tgnperature, for.the ar 1ic . ration is.about .320C or |ess.

4 “The et had of 118 e e G Eh TR B EhPhelR 5T g a5 By e
guenched dewasbed 32DfC odds, or bot h exhibit a concentration of polyaronmatic
hydrocarbons with three or nore rings of about 0.08 wt% or nore, and

wher ei n treati ngThdi@etHbeoes 2denasmdnedibtlidRMoiligtringd fecdl AEREdnEhedat ur ati on
cat al yst produces a product having a content of polyaronmatic hydrocarbons

havi ng t hr edeBxeAsbient erothopchibapongsnpatiopredpelyaomale hydsocarpres Wigh hod of any

one of the prEViMte Gha&l dRbodOPR YA R nfRETRhDGHerbih 8RR fiRhénefior the
dewaxi ng treatnent and the aromatic saturation treatnent is |ess than about

4500 scf/ bbdeyase atflugmovitnayasgyatic sguratipipcaigdy th pepdages 4 pyodgeidiavipg ehe previ ous

clai ms, whergith 3 satldrbthatk Foearbgﬁs a0 A& drlrhl ﬁn%gqiflawﬂoroérm deed is
about 50 wppm or |ess, at |éast about 560 wppm or both. 7. The method of

any one of td3& previous clainms, wherein a surface area of the aromatic
saturation catalyst is at |east about 750 n2/g. 8. The nethod of any one
of the previsous Thamneked vihay ehdoft theprdavaxdl digs,oetcadily 8 tomtgngl ttcaegasa zeol i tic

catal yst and the arpmatic saturation catal yst conprises.a ngonzeplitic

Catal yar . e R aRBNRAE ur i S 87 af e Wi oA R e TR Gl
quenchi ng t heooewexeshoaf $dosarimyonpri ses using a heat exchanger, using a
recycled effluent fromthe aromatic saturation treatnment, or both. 10. The

met hod of agy ongLOfchlifoh§BhOMShEhR) By LRS! GicRif QANAE Lordich b f eed wi th
a dewaxing catal yst conprises contacting the feed wth at |east tw beds of

dewaxi ng cadihiljaie boitipgrapgs feediis fbout A WPpBPp ks Rhlgasy ezt Hi0ngpram oebdthuent from
contact with the first bed of dewaxing catalyst prior to contacting with
t he second Bed ofhdewaxd ofpng ahabfitbd previdis claie, wiekdioa swofacehraa ofsthd 0, wherein

h bed of d [ t al . h d ' inlet t t , th
dovai ng i nf BT SHOBPAL L Pbl oL et Sbn el w0

2011/ 143396PCT/ US2011/ 036211 -33 - correspondi ng approximately to a
t enper at ur e 8- af t €he [erbok iy oot thherewpyy drms, Whcgrin bedeuetinggafayst he fir st

bed of dem%&rﬂﬂris‘é@& aoyist catal}sz and 1€ af¥RtahO gat&gti(ﬁ{ﬁéta%?c&ﬁprirs&ea RheVi ous
clains, wherein the aromatic saturation catal yst conprises alum na-bound

NMCM- 41. zeolitic catalyst.

9. The method of any one of the previous claims, wherein quenching the dewaxed
effluent comprises using a heat exchanger, using a recycled effluent from the aromatic

saturation treatment, or both.

10. The method of any one of the previous claims, wherein contacting the feed with
a dewaxing catalyst comprises contacting the feed with at least two beds of dewaxing
catalyst, the method further comprising quenching an effluent from contact with the
first bed of dewaxing catalyst prior to contacting with the second bed of dewaxing

catalyst.

11. The method of claims 10, wherein each bed of dewaxing catalyst has a

dewaxing inlet temperature, the dewaxing inlet temperature for the second bed
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corresponding approximately to a temperature, after quenching, of the effluent from

contact with the first bed of dewaxing catalyst.

12. The method of any one of the previous claims, wherein the aromatic saturation

catalyst comprises alumina-bound MCM-41.

13. The method of any one of the previous claims, wherein the aromatic saturation
catalyst comprises from about 0.1 wt% to about 1.5 wt% of Pt, Pd, or a combination

thereof.



