WO 2012/ 003138PCT/ US2011/ 041754 1 LI QUI D PHASE DI STI LLATE DEWAXI NG FI ELD
OF THE I NVENTI ON 100011The invention is related to the hydroprocessi ng of
f eeds to worm2ogizesel fuel product. BACKGROUND OF THE IPRVENZI1@W41750002] A
variety of factors can dictate how a feedstock is used in a refinery. One
consi deration can be the hydrogen required to process a feedstock to a
desired product. For exanple, if hydrot}eat ment of a feed will require nore
hydrogen than is econonmically available, the feed may i nstead be used for a
process with | ower hydrogen requirenments, such as fluid catal ytic cracking.
As a result, considerati ok H/AssE B A Gon can limt the

aisast Bvin b ¥ las sl
flexibility of a refinery to change the products generated froma given

i nput crude i ent Nos. 7,291, 257 and 6, 123, 835 descri be
syst ens and@%@%&%ﬁﬁn@i ng feedstocks that involve processing the
feed in a r¢@axlpr hathemgeati@antddedodshd iydtupcbcpRagef fettketofemhodissei ncl ude
using a dil hjent gateri al as a neans for supplying hydrogen necessary for a
process. VariOB®U et hods for adding a diluent to the feed are described,
such as recycling a portion of the product. Processes perforned in a

cont i nuous 3 e OO EHEANVE Nde hydrotreatnent, hydrocracking, and
hydr oi soner i ffon. , | 0l | Lo NQ.

2500 00956502l or Biegaq%%]si{lsf%e“ﬁ?g% lﬁgttg ﬂ%‘gqﬁgéra tﬁé}fl? E‘%‘%‘?ﬁéq’%“m One

hydr oi somer cgmidettiop randeshe hyfhegeh ydninédsto percessat feasiatorls topedebiondmeetiucn a
reactor tha S ' L) 1 qui se. An excess of
hydr ogen gatgmt(;%% g’ glrﬂz(ﬁsrgﬁ%alﬁgié%%ﬁg%g %gﬁg%ﬁﬁlﬁ% #%&%@%‘g}tﬁ%@t he feedst ock.
However, t hecdnoowialgavaddblerthd facd mey me@ad lorused fod @ porceds edthd swiydiydggen
substantial l 'y |iquid-conti.nuous. .The excess h Qgen s i s described as
o ng. +neaerbTi® SRR e Y B Mool Er AT Bl BBt & e r eact on
proceeds. SUMBEY Chsuftpioh dWVENTE G 1eki6DiDb¢ farefidsp@athand thdygoduswent i on
relates to a mathg for. maki ng a di.esel fuel product, conprising:
contacting §e’i‘eéaé?ijg PR R St HPATHYU UL r eati ng catal yst under effective

hydr ot r eat i p@o3pndi ti. ONEatdniNgs. 191 067 ARLITENLS3E @8BS syklRak ahdmbMERs a

conti nuous gas phase to nmake a hydrotreated effluent; separating the

hydr ot r eat e rrqaes s fegdgiopksghat ipglve pgocessing the feed in a reactor having a

continuous liquid phase. The methods include using a diluent material as a means for

HE INVENTI)

supplying hydrogen necessary for a process. Various methods for adding a diluent to the
feed are described, such as recycling a portion of the product. Processes performed in a
continuous liquid phase reactor include hydrotreatment, hydrocracking, and
hydroisomerization.

[0004] U.S. Published Patent Application No. 2009/0095653 describes a system
and method for performing a hydroisomerization process. The hydroisomerization is
performed in a reactor that has a substantially continuous liquid phase. An excess of
hydrogen gas can be present beyond the solubility limit of the feedstock. However, the
flowing medium in the reactor is described as being substantially liquid-continuous. The
excess hydrogen gas is described as allowing the liquid phase to remain saturated with

hydrogen as the reaction proceeds.

SUMMARY OF THE INVENTION

[0005] One aspect of the invention relates to a method for making a diesel fuel
product, comprising: contacting a feedstock with a hydrotreating catalyst under effective
hydrotreating conditions in a hydrotreatment reactor that includes a continuous gas phase

to make a hydrotreated effluent; separating the hydrotreated effluent into at least a



2 hydrotreated liquid product and a gas-phase product, the hydrotreated

| i qui d product having a cloud point, the gas-phase product including H2 and
H2S; m xiwo 20te00B8dr ot reat ed | i quid product with a hydr @gESea@nosi?sd ng
stream and at |east a portion of the gas-phase product to produce a
hydr ot r eat ed dewaxi ng i nput stream the_hydrotreated dewaxi ng i nput stream
havi ng an H2S content corresponding to 2t | east about 0.1 nol % of a total
gas content in the hydrotreated dewaxing input stream and contacting the
hydrotreated dewaxi ng i nput streamw th a dewaxi ng catal yst under effective
catal ytic dévéiirentrddomii redsandm cas-phajepwdednhe hxrbeiscaicd digridiradsctt or m a

d d eff I the d d

e 1 uent - hait ok & S0 e A R Rk W B P oo " about 80

| ess than ahE®DHe$®Ummuhg0@mtﬁnhabmhgﬁmﬂemhmﬁaﬁﬂtMemﬁb@&@ﬂ@@bﬂkmhé cold

fl d
oW proper ttl%’el%ggl?a[s% B}oﬂgct?cf‘&fg%cgg%k ﬁ% &1 ELRYS g?@'ru{‘{tﬁal% tBQH% h@ly and a

cold filter p I'ng" por nt er aspec e inventron rel ates
to a met hod démmmhmetreandhmgl anf}uSIcomemdumspOMmMaslem abqur O\Immhl%g a

f eedst ock hayi a cIo east about 15F and havi ng
R T rtar oibt R Bais b R el i R e R R i P iR Toat T g
cat al yst undemoe&ﬁ@MEmmen@y@nmﬁmaahmﬂg«&wnﬂngc@Mﬁﬁumkﬁeﬁyﬁwetmﬁﬁmﬂent
react or that |nclude§ a conﬁﬁq ous hase & (g a Qyﬂrotreated

ef fluent; sdpXFts PGILRE RYHIY 085? ‘it?féﬂ waged tugnt haky 4 ot r eat ed
| i gungSpr odueuudamld@vaga@dipth&%rgm:@dtﬂfetdgwhmdegﬂal&npﬁhazﬁ@ a%)mtﬁr&d prop&tyudi ng H2
an m xi ng t rotreated |iquid product y rogen contalnlng
stream and {HE®S é@aséﬁ 9&@@2}6? Q>dese61}aﬁma§0ﬂ9sa9%ﬁ'$ @GOV&@W@%% o Phput
stream and f&aabac theREIALRd fysHQlbaptiaa SRWRKIRIof aMid pdlnt @3BuMpdin, a
dewaxi ng catal yst under effective catalytic dewaxing conditions in a

|'i qui d- cont Prdidedd fikeidlugeingdofibr m a dewaxed ef fl uent including a dewaxed
distillate f t cont ent
that 15 at T e o e OB B AL AR emeneed
ef fl uent al dehetwqmgnrlalnm preatidpgi anfieedstock baving adioust podf of waSt dper15fhan t he

cl oud point PT

[0007] Fi gur EPpTARERRLRF Sy Elb i el B R RN o1

perform ng ammemhmdgmﬂﬂyﬁmﬁwﬂhﬁenmvhﬁtom%nngOﬁﬂﬂbﬁiguﬂe@@nsahemat|calIy

depicts a portio reaction sys ui t.abl.e f

erbodi ment | SreiopBe Ry SRR AR bR e T HisBBevenrs
Overvi ew [ O0RAytrotreaed effisene imodlilemnd lsydrcarest¢61l1emd@fudumhdtlmgasqihesepr ovi ded for
producing diesel fuel from a fee S d.f.or e y increase
1 the. £t uPEXohE B Ryop st RS RYRE (T ausEilay PHECE 1 g el oo dat o
this antici paldeé vathdi tyldevpah caediming strdain 200 tetabphhepeliicttaforha be able to

produce die from f eedst ocks conventi onal | sed for, gasoline production.
Waxy heavy zf%@iﬂtﬁéirﬂ{ewaga% ingpy roape? ﬁ%ﬂtﬁ%}lﬁé){lﬁ%ﬁ brdet %ewwg HR¥Ed t hat

coul d be swiirghedith & 08V BaEUaiaRet iHdSet iRt ataltid i8S SlinddoRdiichd AR
Conventionally, waxy heavy atnospheric gas oils are often used cracked to

pr oduce gasélﬂwﬁéon%eu%rsaqt%éo Fﬂ”@ﬁ‘ d@Wé’éFd‘ chitent inglpding a dgiaxed distidiel/ or to the

difficulty Efbd@&hﬂhgﬁé\ﬂ&e& @fﬂ%ﬂt\h@%}{% Qee%@ncﬂﬁeﬁhﬁagrcb&a{tlmls% chiigpgas oil. The
nature of the su fur in the asS ol can reqU|re rel ativel y severe

hydr ot r eat i A8%cd Hii firstergnaties @ceﬁmend the dpwaxge ielflent abse\hayiag & ehaad poiot can
mor e qui ckl Yeiagt%@s& '9Vﬁ§5@cffokv%f tha@ hI@' %ﬁ&gmﬁ hé‘é Afppxi ng catal ysts, this

ess ESI

can make it e toiInc catal ysts in a mul ti functi ona
hydr ot r eat Xi Ng reactor can be used, but this
general |y At : cH-opr ocessi ng vessel w | be required,
w th potent I[@O(m a cmgurres pmaﬁhmrtghy dé@ét@@réﬁ&tﬁfn@gﬁﬂn keigUicrengmtormihRen nat ur e

of a catalytl gemaX|ng process, using highly selective hydroisonerization
catal ysts, igRR of §iCBeiitni n additional aromatic saturation of a

hydr ot r eat e‘[’O(ﬂ)%? oi lp;fges schlﬁgné[l? H@;ﬁétga Satibk 8fd RRc{HE) G &iidEWRK! Ng st age
can, in sone cases, be conparable he aromatic saturation that occurs
during a hy@?@hﬁ@%ﬁﬁmﬁ§m§ﬂ@getmehv@V%@wa further drain on avail abl e hydrogen

in a refinery.




[ 0010] The systens and net hods according to the invention can allow for
production of a diesel fuel product froma feed that requires dewaxing
whi | e redwioi2ntp/M81381 ni m zi ng the overal |l hydrogen requi PEFAISR0fLO#1I7Ehe
dewaxi ng process. This can all ow heavier feeds to be converted into a

di esel fuel product in a nore cost effective manner. Thus, sone heavier
feeds that m ght be used conventionally’for cracking into gasoline can

i nstead be used, preferably nore efficiently, to nake a hi gher val ue diesel
product . [0011] The net hods accorduﬂg to the invention can include
hydrotreat|NEEAHEBJESQRHHHNN@FEHE {BOPDEMENTSn a hydr ot r eat nent react or
e.g., of thetri&kl e-bed type. Although one reactor will be described here
for convenleﬁoe__ft i s understood that any conveni ent conbi nation of one or
nor e hydrotd@MEWentIbedsnmsmhgemmnamd&omnam@nwmoémeanwhédﬁs@dXMOmg 4 the
hydr ot r eat eff uent, f t r eat.ment ct.or _can then be
caparat ed. IR 44 e fEPE RO BRI PR TR RS T e o e

| i qui d- cont ipatiowisrly e&tit©to g‘aoo"hneahedrgtetrit@aademmdngth1s°sg1ampatedahddlttmmglh one
reactor will be descri onve e [ erstood that any
conveni ent 88ﬂﬁpnﬁdeﬂB%gﬂﬁﬁ@%d?gﬁﬂ@ 8@1 gFﬁé@?m'ﬁﬁngf reactors is
cont enpl at edonvgﬁﬂi(fn@llir;ﬂlsl&ﬁ fc'g@@scﬂlﬁd\lpﬁodﬁkgloﬁf Wake hfﬁ?dtrﬂ;}d@pla&rﬂclgﬁyolﬁ-ae@ﬁiei nuous
reactor can reduce the hydro i rement or the dewaxing ,stage. In a
trickle- bedtweézgmrocrac fnafatdﬁbaéw itk @%lr%ﬁtﬁree ggto lﬁﬁfafoatjféwné%ﬁife%s@ present,
typically b@%d&ﬁ&[bna@élﬁenmiﬁ?ﬂl?ﬂ%;@m@é‘&y attrﬁo‘sphérﬁﬁg%s Bﬂ‘@ar@ﬁﬁe}ifﬁsed cracked to

stoi chionmetrically required reaction. contrast,

in
| i qui d- cont PFHYBER2pAlEL B o the Bigheld ot Oﬂboge@éﬁnﬁ%@ékﬁ dlg‘aﬁl%e nuch
lover, and bg;Qfit dﬁ%laﬁ@él?ﬁ&% deQufhgaee bk %!151641 |Th'31n5tuféf ofWeds“uﬁgﬁH tfedas) in
t he (I|qU|d) fee 0012] In addition to reducing the hydrogen required for
dewaxi ng, tlgas szcﬁlgmytrﬁ miattyfclyﬁywo@eiﬁot@amgr@némdwemm@esAagéatoab/ al so be
reduced. | N <A ERRRHLARAR mofd qu &P deadti AR G Barfifsit DRn G8GedRhic QG [ Nt O
the |iquid-continuous reactor ca | east a”portion of e overhead gas
from t he seppas eanineake 1t|1¢s8dd31mablﬁmuntlod¢1§usfhogelnstsmfﬂrsuloﬁlectmad gas can
typically i e rtion of
hydr ogen suﬂ§&§9§m9&?%%&$?e§$&%g%3%ﬁ?%?’%%C@ﬂ&&ﬁggﬁg%bggn?%ﬁﬁg@’ dewaxi ng
zone, the hydmmghnanmhedmgehoquuﬁsn@gdwmmwﬂHgneanmbeNMomﬁﬂmMHﬁd to reduce
t he overall consunp tﬁohre?,% 19 &9 ucea sﬁltabcmﬂp awmﬁﬁfl wi t hout
substantlalf ?Rcre nf ANdFaY N SUb ARt AR ﬁaf ?alnlng) the | eve
of coke for mes@rusmg htlgtfky gbﬂﬁc&fg/ls}tdrmﬁﬁedsitmlcstalybt@&m}eﬁdm rerah hydrocarbon
f eedst ock ref drocarb eds ck d fromcrude oil that has
opt 1 onal 1y Bedliouel SpBeb it ftRbnes srori s aF ey ol amE SSEREPRr ef i ng
processes. Nl adevaymperas mnmfseadstse@ 68 corggiratllc @GROLOING dardtidg met hods
of the |nveqﬁkon can |nchf etroleuntfeedf o%kg boilin | t he dj ese
range or at UK gifeF deRpRRUIrRiF@Ene Kers (AR R Fyher drainoaagfalc Sfyd@a?nt Bl e
f eedst ocks gagtideRcl ude gas oils produced by the distillation of crude oi
at approxi matel y atnospheric pressure. A crude oil distillation tower can
general 'y pi e sehngsuitengyaad anethofls agcatsidge tedngaorpangllodferer exanpl es of
m ner al hyd@%ﬁ&%%f&ﬁ%@étf&@b&d &@rohﬁcfeyrfﬁat@ ire§ 4 &vAX V{'(lgll‘&ﬁlgln%%r vacuum
gas oils metal |ized olls, er distillates, cat cracker distrllates,
jet fuel bonrmmngzmafhgevmlshydw@neeqflrremtnt(ﬁcnth«@msegerqg@ﬂﬂ Thig campallpey

distitlate BEAGkHQNs iR Abeld G5 aR0F nEPIRMARH ARG LOREAR i, RyhD14] The
f eedstock can have an i nit I'ng polnt east a i\ for
exanpl e at ﬂbassma®bmtwﬁ%6@tmﬁnaQnMeasMLamomUmmM@@ncﬁwkmgeﬁogawhmed can be

characterized b ase rt|o erature
an 1ns cad be usqu Prefe[%go O)me{e e tf101entle to ma e ah dgth]eli Vallue dlesel éo (% e{Sm (e.q. .

and/ or based on neasura col
cl oud poi nt JOOIHr i rlslbam:te)ds accdhlinab kheﬁ@veﬁﬁbﬂﬁan@ﬁjhdéﬁhydﬂ@frbeﬁlﬁ@ aareedt he

tenperature %»mhlch ﬁ/ _ e feed wll boil. t he §6d tock is
char act eri z&¢hgaa & Yhicp ﬂw f%‘faﬁ“fenf%?ﬁ@%f egh@ 8&&& G t¥gn AAGEHEN onal 1y
or al ternat ghyrchavewidl bEefRabéd g RPLMMveRbncd] it Is@B8drstadtomit ailﬁe&vefuatt exanpl e
at | east about 175C or at | east about 190C. Further add|t|onaII or

al t er nat el y compiaationd §aoaNrg Ay daestnacnt berlif stagss.and{gr [sentere co¥ %%toussc or
| ess, or about 440C or | ess, or about 425C or less. Still further

additionally or aIternater, t he feedstock can have a T95 boiling point of
about 440C or |ess, for exanple about 425C or |ess or about 400C or |ess.
When the feed is characterized based on cloud point, the cloud point of the
feedstock can additionally or alternately be about 50F (about 10C) or |ess,
for exanpl e about 40F (about 4C) or |ess, about 25F (about -4C) or less, or
about 10F (about -12C) or less. Further additionally or alternately, the
cIoud p0|nt of the feedstock can be at Ieast about 5F (about -15C3, for

o, 1 . R — o ~ P~ o, ”~ - o, A~ o,



[ 0016] The m neral feedstreans suitable for use in various enbodi nents can
have a nitrogen content from about 50 wppm to about 6000 wppm preferably
from abouwo020124ppt38t 0 about 2000 wppm from about 50 wppRITIUS2EOWL754500
wppm or from about 75 wppmto about 1000 wppm Additionally or
alternately, mneral feedstreans suitable for use herein can have a sul fur
content from about 100 wppmto about 407000 wppm for exanple from about
100 wopm to about 30, 000 wppm or from about 200 wppm to about 20, 000 wppm
preferably from about 200 wopm to about 10,000 wppm from about 200 wppm to
Bbout 5000 HsgirosFaledmTABOUESmnbphy ol aBuN FASOOCIBINbSBREAEd. 6
[0017] I n vagjeoy AL BALS o £ ol s o  HEE gitionally or
alternately {l(ﬁcﬁ%ﬁwﬁegds %‘?%m{lgﬁgcoﬁpﬁﬁgggt ggul 1E:lgscg sgglﬁsqucﬁe%et abl e,

ani mal , fi shatalghddoraxaizgderinGethengl dng reactvewdll bi dsodicd dbre dmtcenvyealescd, ncl ude
Y?S?B??L.er {058 Rllsfio0 30 R) AR RL indloR Br Bl S ERL KBS, Bl and al gae
the lipid nmetaeirorsak cormnhplaied; Renferrging rtmrdew'a}ylpgoﬁhe feeginth luxpmacnmmdmlls Lipid

Ut o bl orfrh ety R R Ry RRRR I Rl ke iy BRI €L "Such
solm\;ent ts I nedavde aablfmwoﬁggeﬁ;m&hydﬂmgmmm Presait, I¢y1$1c?a1@e>ea¢eesat;daemmenet and
conbi nati ons reo or classes ut are no
ocossari |y i THUER il P pegind o Tisaly huiier byt o Bie s i ng
fats, gi S @Qﬁid{gbﬁx&mgﬁﬁ Iieﬂjt&&lle asipltit Bgﬁ)ﬁirdig%d@fdﬁé&ﬁdaﬂ Bethelh 1§waciﬂddg ng g
cer am des, rebrosi des osi des sphi_n ns steroi ds an
their deri v&ﬁ?‘b@%‘tedﬁ%@ﬁéﬁ]@gﬂg}h}&mﬁ Hg]?yrdr%’r %é&leg?q‘flg)[fle%dol ubl e vitam ns,
certain ar ofggizg COWRQ&H?%to@&QcﬂnQ'ﬂQ @H@g&@hﬁ%%ﬁw@«@gmwﬁ@s [0019] In
l'iving organisnms, |ipids generally sefve as the basis for cell menbranes

and as a foﬁ?ﬁsémpﬁi@}e‘?fhﬁ’ﬂl@g@g@ﬂngﬁﬁ?‘ﬁl@%ﬁaﬁlc%alﬁfeb@fI‘Géllhfﬁd cbrfjlugat ed with
proteins or %cﬂ Qﬁ(tdét?é gtsaolio?ﬁkﬁ%f% gaE'PRIIBSuJeB'i e 1l 1BQB AhRLORa

| i popol ysacc arr Exanpl es” of vegetabl e or that can %e used in
accor dance \mlrtlh3 4t Iiast aj peviesntoif e overbkaddzas frburtthasepamiom. Ilnﬁ'iictle(dl tbo rapeseed

(canol a) oil g@égﬁlg%vghﬁead n@@%@ﬁ@p Al 1n?lﬁ&brﬁ)JdP Wel sfthide. BRALM 'ﬂng aPa' m

kernel oil, corn oil, cas
j atropha oi lle,ast] aqqouim a:ﬁihydrogﬂnr sulﬁdertd t,he trbaat)gseemdermg the lmarcbdornnwoms I saf fl ower

oil, babassrd Oélm ta VYr%'r nrrcenb an g ixi 0% (ﬁﬁ GErls as
referred t o “RETEIE’ YSEER S?Lﬁlémp roéles% %]VX ecta {erral
Non-limti ngaeewanmlcelsumbn@rmeajsteqirodegaea abhtde dicsel frt @fthca]lt subetahtumile fatty
acids and fatt acrd | kyl ters t aII i.ncl ude C1-05

2 kyl st er SlerdiaE bR BT ErE R ity e B G PO redieliptonie
preferred. [QQRA] Exanpl es of animal fats that can be used in accordance
with the invention include, but are not limted to, beef fat (tallow), hog
fat (lard), ptuikeys fat, fish fat/oil, and chicken fat. The animal fats can

be obtai ned Trom any sui tabl e source including restaurants and neat
producti on QM3 i t i esmineral hydrocarbon feedstock refers to a hydrocarbon feedstock derived

from crude oil that has optionally been subjected to one or more separation and/or other
refining processes. Mineral hydrocarbon feedstocks useful according to the methods of
the invention can include petroleum feedstocks boiling in the diesel range or at higher
temperatures. Additionally or alternately, suitable feedstocks can include gas oils
produced by the distillation of crude oil at approximately atmospheric pressure. A crude
oil distillation tower can generally produce several grades of atmospheric gas oils. Other
examples of mineral hydrocarbon feedstocks can include, but are not limited to, vacuum
gas oils, demetallized oils, coker distillates, cat cracker distillates, jet fuel boiling range
distillate fraction, kerosene boiling range distillate fraction, coal liquids, and

combinations thereof.



[0023] Animal fats as referred to herein also include processed ani nmal fat
material. Non-limting exanples of processed aninmal fat material include
fatty aciwearddesty acid 7 al kyl esters. Al kyl ester®@Cryuse@alobyrs4 ncl ude
C -05 al kyl esters. One or nore of methyl, ethyl, and propyl esters are
preferred. [0024] Algae oils or lipids are typi cal ly contained in algae in
the form of nmenbrane conponents, storag% products, and netabolites. Certain
al gal strains, particularly mcroal gae such as di atonms and cyanobacteri a,
contain proportionally high levels of lipids. Algal sources for the al gae
oi s can cof@®idh varTy!iGrﬁg:dandqmnQaveeang'nitialthdinngim 0h at deagtGbout ol HTC, ffarpi ds,
based on to rces for algae
oils incl ud%%ng)\g?étg&ét %Ogt 5 (?{)P%We%ﬁ abéﬁngelcl[ &ngtfﬁl@%l%% ?Ot%écel | ul ar al gae.
Exanpl es of ckmwuerabayhaeed m:iha@ertlan ohuhdtﬁq@hyhaeboﬂsht a)rem@hlymme arllgtrbnsgl ont ophyt e,

tribophyte, gl au chl.or ar ni o eu apt
cryot omonad KSR R BRI RBH S e & PRy PRRERRE at i ons
t hereof In bnﬁngpdnﬁthaﬂeeﬂeﬁmhgeﬂaemmpebmlrefat wikieh ﬁmsmegee@mlnmmhymeae and/ or

Hapt ophyt a. eci es cl ude ut are not_ lipmted to,

Naperl ol o aiBeh s RS i aed Dee Ty Bt p ™ Cuiey g b R ey
Phaeodact yl umltldsnangabmteumaﬂa&uaqsmbmg@oﬁadsﬂaereaﬁ ab&it Y BUPES Fod Bk @1y 4tm
Tetrasel m s chui, and nas rei nh rdti.i 002 he feedstock can

i ncl ude var%aﬁg"b%%uﬁtcsorﬁ ef‘%é f&hfre HE{ &d%‘HO 1¥eb ources. In

enbodi ment s riab& @nhamcaqmapmmg Mttow%uwssooelrw@@dr mutm d)@ﬁ‘lé%t eck, the
boi l i ng point and/or cloud POI nt of the conbi ned m neral El us bi ocorrponent

f eedst ock capPudty @s%éﬁﬁﬂ ;) fiuﬁbef\?é@lﬂ@%aﬂpjPb@lfea@&hétﬁléfvfée‘%’fc shaNed al

feedstock. ‘e Bo1ﬂ§§b$l§lq)f abfif 4i®ethrGa0 hNGhMER a@&ut h@@@orf&g@w atgull W % of
feed based on a bi oconponent source, for exanple at |east about 0.5 wt% at

| east about 490%karlesat When e fepdouehagictaringd hased aazpdqud ppisttthoslqudopoingof | east
about 10 wt? o %¢.l N such
enmbodi nent sme ed Sfoglg%tﬂcagﬁﬁgﬁ é% t% irgﬁle@a\t% ggﬁbé)lu ??ﬁé@gﬁwq %&M’Ee{ fél)tout 60 W %
or |less of mmmw F{abodt 4°Copr lessazrh@heZﬁB(ﬁlvput%@M@/dQs& of et 1bout 40

wt % or | ess ? EE C% Q)r }% %P%th%reaﬁﬁrnm%ﬁlé/%P 9].‘8&11;3% %60/81815 FIAQ%E%F th%qge%ztl)elﬂqe

bloconponent S use res I nvent’i on can 1 nc e any of those
whi ch conpr icsebgt laastrabbyt SEF (a@bq/ccﬁ"catefer aadpkrekadt abduy 1 3¢ (adsouf PFR), at The

triglycerid EE i j h ocarb ains in
their struc?u?t %tvzisﬁ;(a%) Lgr’n ’t%lef%% é %%Js(la]g)o f@’r%%alg{ a(ira%?ﬁ?%% to 26

car bons, foxabeneadtphe from112 to 22 car bons from12 to 18 carbons, or from
14 to 22 car(g@%z Types .of tr| glycerl des. can be determ ned accor d| ng to
their fattyl MBS PheCaAORYIndUT R GG SHROWER be readily

det erm ned @a%'bfwla@@sas GhiEe et @Q‘ﬁﬂt@@é G@nt?%&l %lc&ly dl Eu SilfRRadryShifig i nvol ves

8 extracting the fat or oil, sa i ng yzing) the fat or oil,
preparing aRCEPRIpS (eBbrgviatedag Fylf ‘}r tsé]rf“%(’n te) sléygéli‘ﬁr‘?ll Bt myerigi | | and

det er m ni ng ot e nfdoREn & b@@%h@lfér)n &%}@Borﬁ§bg’$ﬁ c%p@dﬁai YRddtiodally BN€
enbodi nent, a majority (i.e., greater than 50% of the triglyceride present

in the Iinpi @lteraatelyialcagarmaerity ohihe swén @yt begp thet ferneoorganesyiiuaci d

consti tuent §0mp?%§gg on total triglyceride present in the lipid material.
Further, a triglyceride is a nolecule having a structure identical to the
reacti on prdisd of Tgleyweeral feclnigeantsseigableafbt ysea vat®us embodiments can have

a nitrogen content from about 50 wppm to about 6000 wppm, preferably from about 50
wppm to about 2000 wppm, from about 50 wppm to about 1500 wppm, or from about 75
wppm to about 1000 wppm. Additionally or alternately, mineral feedstreams suitable for
use herein can have a sulfur content from about 100 wppm to about 40,000 wppm, for
example from about 100 wppm to about 30,000 wppm or from about 200 wppm to about
20,000 wppm, preferably from about 200 wppm to about 10,000 wppm, from about 200
wppm to about 5000 wppm, or from about 350 wppm to about 2500 wppm sulfur.



Thus, although a triglyceride is described herein as being conprised of
fatty acids, it should be understood that the fatty acid conponent does not
necessar iwo 20Moai3s a car boxylic acid hydrogen. Additi oRralllus2@/041754
alternately, a majority of triglycerides present in the bioconponent feed
can preferably be conprised of Cl2 to Cl8 fatty acid constituents, based on
total triglyceride content. O her type‘s6of feed that are derived from

bi ol ogi cal raw material components can include fatty acid esters, such as
fatty acid al kyl esters (e.g., FAME and/or FAEE). [0028] Bi oconponent based
di esel boi | ¢ 7] angdn fvereals tmbedimenty pf thalnvyntivaytbe fastl aan additipnalbyverni t r ogen and
sul fur cont i contain
op to about %g%ﬁats\lggﬂcm%é?ér%é %%m%}@o%o&égt{gﬂp{og&%s 9@%‘3 V%%?a%ﬁ Oéﬁﬁg‘pﬁ]ﬁ{r}” {r ogen.

| nst ead of and/oogeER. @nnb’rolty ﬁmka‘hmlpgmetlenamrlatsanqtudee«tegetdﬂt famtcnlomnomént in

bi oconponent. . anen | ese boi |

f eedst reans, 118 S/gb Wiulawq?l% ?/mse(gt}%gont ent, as
much as aboutatelﬁlswtv%mspﬁgtﬁnaltyomteelptd m@érlaaﬁtcmdé:d’brﬁs)r abaUypeld¥ lipido oxygen

content. Suitabl e, bi.ac, onent, di esel r dstr.ea r| or to
ot ot 1 et metbods IMRGRaEc RS s tocup Bl sy IR Bl R

Exarrpl e at h@?stbgaMMeﬁn\Ahﬁolﬁxmget) s%l%'ﬂtsemlon lﬁxﬁlﬂihg bihlﬁﬁilds)olf @t{jchabltzaﬁfta]tol y, a
i oconponent feedstr pri r ot r eat ment n i nclude an efin
content of &tclydggisph ‘gfb%ﬁr%c r@/iorltlxﬁf kyd ReciAtgsed eaﬁeqee%t@tcoabaat% W@?or at

| east about (g8t % Mier BALQGITRERE He1uRO Hut 88 nSfnctfigurfleBHR{ OB KgRN have been

previ ously hydrotreated or not preV|ousIY hydr ot r eat’ed. [0029] he cont ent
of sulfur, AFisaheerol-dsciygdhpidaderslitg faksoilsindpheshpdipisiok seiaesiset by bl endi ng

two or noregy $ 16&Rs EYRL t S ed aver age
based on thegrg\%gnlh%gbﬁceg% ggééorﬁggxla&etf}gs'l&i& %@é&gﬂ% egglg]a%gwgblgﬁocorrponent
f eed can be stsfoedsced thchr darlvaatwsoteafenasmmdtth@mew%vm, rﬁ@fsalublfwet@lmgtlﬁ,d:eatmut 20
wt % bi oconp - a sul fur content of about
1000 wppm gﬁg{%@\%ﬁg@)ﬂ# 6@?@%@%@%@%%%%%2 9 the bioconponent feed has
a sul fur com(ﬂﬁt] of Tahioup oldnisfp tipids kendraBusktvie agthb bevidad cdlleecnizandsd be
expected to ve ur content. . of about .80 rotreating stage
[0630] In vartone BrESbiEEwTer fhioreadBest e Rdr BBy Brubeay [ one or
nor e hydr ot cedblhydgnst agess ank form bewpaitdns Adhipdsdysacatii@st st age can be in
any suitable e of hydrotreatnent reactor, such as a trickle-bed reactor
or ~anot her WB@ of rieapplss ot yegetakla Ails thal Gap ke used ghigepridairs wddh Bhase. A

hydr ot r eat ”ﬁ%nt%nqgﬁudéaﬂut'afbv&lt Malt%@%e@&dt(tt%otapaﬂ bl i cBeodli dipbl e
hydrotreati ng catal in the presence of %en under hydrotreating
condi ti ons. spdEsE] Al mlafrot ﬂ)éla”tlﬁ?éli*ftlo&atealeI I@a cdntellion. e pibgatorone of
Goup VIB alaﬁ/ J%op@égﬂqq\({lba &1 Q;ﬁ‘iféi&? flaQREd 91'?%51111 111&%11 aW'oH bamll es of
suitable (opti'onal) support materials can’include alumna, silica, titania,
zirconi a, S|t411ioofan]adndmc¢l anednbi nat i ons ther eof, or any other suitable
refractory | al I als ¢ ncl | yhdenum
ond or Cung T B vsp AR TS et e B R B R R R Pl EA

cobal t, andhouerial. (Nnn Hmmngyxhnqﬂes@aptongssmegemblooﬁ nagnial mdhatnj@tty)madsor nor e

of : a tenpera refro C to . about .425C f e fromabout
300C t o apodt HineH ERER ARIGHS Gty wEaSe LEOUF SR Rt about 2. 1
MPag), for awmﬂrﬁeﬂa;tl étl@&,%d@hipytes&‘ﬁdhr@pﬂegm(eabout 2.4 MPag) or at |east
about 400 pm& iabout 2. ;. a total pressure of about 3000 psig (about
20.7 MPag) ss %mp@&a%ﬁn@alatﬂaﬂtat e U g aqeqpignte Wi the Msaionor | ess,
or about 80GhdpgikDbuk a@%tmﬁn&l tts/%gf)faqvtaubaﬁwg@at klhﬂtgllt@tktgoﬁt lt¥h BRBEEnMEl Oci ty
(LHSV) of at |east about 0.1 hr-1, for exarrple at | east about 0.2 hr-1, at
| east about clickenHpt. ifheétmat fatSéa%be etieingd foors amy suitablg pourqadneledingbout 15 hr-1
or |ess, foqes%pamglagdgllgg[lgmdlagmt}{fagﬂlggs | ess, about 5 hr-1 or l|ess, about 2
hr-1 or less, about 1.5 hr-1 or less, or about 1.2 hr-1 or less (note t hat
the LHSV ref@3]t o tAramglfais s weddrsdite lyermelaao ingde processed angmalfigmatdral.

hydr ot reat i h Vi voI une
of any su bsg\%ug%?g% é()ampﬁgg%g) ges?ed%ﬁ&ai?aﬁﬁm@?&l 1{139{1&6%%%1(% a%&ufa?t!y a§ d

rate of at | east about 500 scf/bbl (about 85 NnB/nB), for exanple at Ieast
about 1000 scf/bbl (about 170 NnB/nB); and a hydrogen treat gas rate of
about 10000 scf/bbl (about 1700 N8B/ nB) or |ess, for exanple about 5000
scf/bbl (about 850 NnB/nB) or |less. [0032] During hydrotreatnent, the sulfur
and nitrogen contents of the feedstock can preferably be reduced. Wth
regard to sulfur, one or nore hydrotreatnent stages can

f eed
Ségl 5, Esh 011r§ [? P’ﬂ%j%l?s ando al




advant ageously reduce the sulfur content to a suitable |evel, such to about
1000 wppmor - 10 - less, for exanple about 500 wppm or | ess, about 50
wppm or |[we012408138 30 wppm or | ess, about 20 wppm or | @€3/USaom81736 wppm
or |ess, or about 10 wppmor less. Wth regard to nitrogen, the
hydrotreating stage(s) can additionally_or alternately reduce the nitrogen
content of the feed to about 100 wppm of - ess, for exanple about 50 wppm or
| ess, about 20 wppm or |ess, about 15 wppm or |ess, about 10 wppm or |ess,
or about 5 pmor |less. Hydrotreatnent can additionally or alternately be
used to deorikgkistere Allsylgstersdymentlsmaluse |G- (d b epeanat @ne axmiaehoicagihdor r espond
to renoving .9 xanpl e at least 95 nol % at |east 98

nol % or at eﬁgggf@%%pﬁn%ft%gf@%r tglrr%d?(ygen present, and/or which can
correspond {@024¢duciAlgact dils codpyidematypidaby edntdinedOn dlgut Botlar fokress, for exanpl e
0.05 w % or mI %%%dn Q.01 Wt % %)rral ess, toraﬁg.ngga W %ﬁrrtalineﬁs ttrﬂﬁ" bi oconponent
or ot her oxy&e RS8R %lené’soee%fspt%élﬁ.s’ oxey et eg 4 teed tEh avoid

probl ems w phrticalbdy ko sahiandiaand/aad cgmabdcieviat doaninditepdridoralighigheat i on of

wat er or carbo i.des,durin dr opr ocessi ng. [.0033] After hydraqtreatnent,
the teoul 11 9o Ry Bl ebdsonR s e Mt S haoR o G P D e The
aromati cs caRiteNb 40fwtthe lipMehatddeattad wfigHt demt bvansaithéant ageousl y be at

| east about 10 wt % for exanple at | east about 15 wt% or at | east about 20
wt % Separ al Y& and Adgy spesespdPy Agerodo Buiude.tut arpyetrlbritd de vgisellule 28dpar at i on
device can Bg &SBdat DeRCPRARIIS GUlcH IPMdIRS rREdoPhytE, RhBRDRIERY t he
hydr ot r eat ed feedstoci to the dewaxi ng stage. The separation device can be
a separ at or hetgrokentpplyyesy tribaplfsite etabestrly torchlasrrachnisphete. cyelgnaie, hapiepiaiiot her
combi nat i on c%toq{é)\ﬁhd:, Qthof etllallﬂ! ﬁggft%ﬁanﬁﬁ)ﬂ?efnattﬁé]g(egﬁﬁ'cgggﬁlgti s%‘lj&)tf.slnf rom

rodu For ex I e,

| i qui d- phase ct's. a a separator stage can be used to renove
vari ous convasemizdingnt.sigah casberi Sheankasduidd orpriryread adiei MiaptiphsiiaoSpesaiiorent , as
vel | as ot el Aas,PAATE: BRGEL &7 e ERelRiok AL LILLAG R 0duct s, The
separator stage can be a hot or col'd $eparation stage,’  or a conbination of
hot and col dinzeparaligbna gidvdiss Blyapaddndnn siagenwa P Qpengtsd catteraepr essur e
similar to the prior Aydr 9proorsSing .38 808, Ml s can P referred to as a
hi gh pressur?’separéjfll on’ stage, or the pres%ure "Bl owed to drop
across the $&02%]ati oreSécdgock ¢a00dh]de vaghgadanlts BEfbdstiedits gasd ghase ef f | uent
froma separation stage can be used to, proyide recycled hydrogep for a

hydr ot r eat mBHEOEPUGRL SO g}agmbwﬁ%mw%l&aé?(etocelaﬂonﬁﬁt Rt R i e

cont am nant $ee@stodk R bolling @it AR cOIPEIREHTtiSe dofhbide® nBRal piidch as H2S, NHS,
i ght ends, and the |jke, and conbi nati ons thereof The remai ning gas stream

can cont ai nPjggompongnt fegdstogk e rerrtPPad fodhe wlyes arvided gbovgder 4 hineiak t her

hydr opr ocessicgock. fWhGIc5iRE, tht Ricd o HERE H3sOBGUTPHBS SLAcd Basd Qv4 de
sufficient pressure for introducing the stream back into a hydrotreatnent
stage. Addi Picsprapmpniseurse.tier sameleyl lepshabqut §aivd e pilpaseahout b yivptahfeast

hi gh- pr essutg, 4 8080kt ILAE,HIN Dok Gffchd bt G 152N 106 Bbit IBRGE, b0y ! emove

| i ght hydrocarbon materials, at which point it can be suitable for use as a
distillate fagelaboft@036YAdabuchen&pdipents, thd feed eratadiiionallyer skiqseatedy i on st age

can al | ow b%cﬂldg%B({l{%é&ﬁfg%iopgsggfbr?(}lcgﬁl?glfegt @ﬁ&’ g%r%%alg%\é%rgjt @é’w?%'oitr Ee‘s'é,d product

stream for use | waxl ng st age I ments, e effluent
from t he hydbot Aeat’renicss nlage 30 win obkspasabedt 25hwidughess. hot, hi gh pressure
separ at or, i can_be. used tottse(gar e t[he h d[r.otreat ed.efl{# uent.into a
liquid effl and e%&a‘%o‘ﬁﬂ%{% BFP UG R ™ RREegd SARLLCAE A S AEY Ran

general |y i fgks¢rdick2omapiibe pAbariBariggtdridasandtiike fatSperlk GFA)AThE east a portion
of this gas ase effluent can be split off as a slip.streamfor use as a
st ream provi eFﬁ”@ﬂgH?ﬁﬁHPHg%%ﬁ¥Wﬁ%ﬂH@mﬁéﬁggwﬁﬁoq@gﬁFdﬁﬁwFF“ﬁﬁgFred, this
slip streamhgane B6mBAsBs BB frbfefabBstorh YOfoa@eArbohs; for@asmplt ypincialtby from a
makeup conpressor, e.g., to formthe total treat gas used?in t he dewaxi ng
stage. |In sgéRarBptspiam l i e s fo 14tna2 parhensndepesof trigheerdes cat r eam
from the hote ghib@hnddr-REHHhE (SBBATAY QEid CaRIRRAR. PR ABPhcid SorRtie@ifean

hi gh- pressure separator. |If desired, the gas phase effluent fromthe cold
separ at or capreAdnhdgiadcdasing Fﬁﬁﬁl‘éhmélﬁtoé@ﬁgﬁafﬁ(gﬂéﬁﬁ@“?rB‘?ﬁ* gnalysis involves

hydr ogen-contai ning stream e.g., using a conventional process such as an
am ne scrubber, at which point the now purified hydrogen-containing stream
can then be conpressed using a recycle conpressor and may optionally be
used in a hydrotreatnent stage. Catal ytic Dewaxing in a Liquid-Continuous
React or



[ 0037] One option for hydroprocessing a feedstock can be to conduct the
reactions in a reactor in which the liquid phase represents the continuous
phase i n wbeor2émstdr. Traditionally, hydroprocessing ha®Chaspoigondsct ed in
trickle-bed reactors where an excess of gas results in a continuous gas
phase in the reactor. In a liquid-contipuous reactor, the feedstock can be
exposed to one or nore beds of catalystg‘The reactor can contain a dewaxi ng
catal yst, which can be used alone or in conjunction with other types of
catal ysts, such as those suitable for hydrotreating (e.g.

hydr odeni t r e¥&asting ba fatiey oit. sewnityige dadradyzing g/ fafror hadrr@megg: pif ykylZagi on)
and/ or hydr qgr Oof ik ] gfﬁqn £ B Nt fngipper
portions ofgﬁﬁ§%$§g0?érpgﬁ§hcg% om,ﬁbd%ﬁ%?ﬁﬁﬂ%r%ﬁ'iggﬁgﬁsgéggbg?l hi s
downwar d | i §i§i shalysiewlrcens ealbgq'ilstent, mmajoriguil ag gtehier bat H°yksaf thegrigypaida i n pl ace
in the catal ed, . i nvol ve
exposi ng a Pé%%n?gﬂgh@ﬁ éﬁ£ﬁ I'n tﬁe8%§§§£§ tgb %gégwﬁﬂgm&%@#%ﬁ%%¥dbeing
bound by anpnpﬁﬂﬁﬁ@u&aﬂephamtymhemnanm@nvEGMﬁhmadn@bmamhesbemkmdactor, t he
reactor can,be oper at e se he reactor.
The hydr opr ST RERLE 4P st B rSieBEn s F wa e R B Raw ot ner
substant|alThmthMﬁmgbﬁnnﬂﬁmn@abuamnMﬂHmﬁmaMSmQQQUﬁmﬁdﬁbyﬁmygaﬂsmhase
typically ingc n en tional l uent ses, .and ot her
Gabes suoh AEEH Sardiang B bee 2R baR toito RS et PR HER SRR st ng. The
hydr ogen gasarbéxylibacigasdipfas e ddgioh)pi & alttniatply esBoriiy bf Sidpdeaddsipidsc@X Cess

relative to the anmount requjired for the hydroprocessin reactlon In a
convent i onal {'f PERYEROSEH TFabap BTl %%Wfﬁlstff/)‘bfr%bt"&legaé‘iyﬁ& catal yst and

t he gas phaggnsGfBnt9Hasibonabtal BAStcrABOMeBOMIRE bl fTTQAGkRhre R} iWE, for
exanpl e at | east about 85%or af |east about 90% The third hase" can

cor r espond tranthteloglpﬁei%\’dmta@ealﬁoeeknentswaal%bﬁeé%%aeﬁaﬁtet&ﬁuelk%fgbéaslqi eact or,
the feedst oG RYerOBloY FAGEERYY/G FY@d)| portion of the volune, such as less

t han about 20&6 for éxanple |ess than about 10% or | ess than about 5% As a
result, thel0028lid ﬂeedmubuﬂnhaydd@&ﬂb@hngamg®ﬁ$¢Ma@m@yphdbeMV¢nstead t he
liquid "pha f e fi ck that coat

t he hydroprgggggﬁﬁaagg{ggg dsggwﬁﬁc Ff‘%@@f@W% 8&$ﬁgs%§und by any
parti cul ar tdedgregm can borgain dp ccmbbutrii@()wpmeatmgen fpr wmn;lksupao abdut eOOent type of
processi ng env}nrn(i)t?rregt natséac? tr n al cﬁor suf r ﬁl rlma q‘lelteef‘a on nt 1n
i qui d- cont i"REFUY %%acté %%ac? on 'z ? ? c8nposed of

two phases. bﬁmenphﬁmﬂbﬂﬁmuﬁegalShbuﬂqphaﬁdwﬁﬁbmﬁﬁ@ﬂmgeﬁﬁdmﬁmhﬁeg;

hydr opr ocessi ng c st. The nd phase can be | i quj se

Cor't ebpona R fERtS FELasEECk T ervsanone g aoehe 40UL R BHE PRests phase
in a liqui dcﬁlﬁﬁ{tld?lal@uﬁtcﬁ £adb10 vtt% @y g@ndeatth MeSuitablé blecdshyldfnelgetttastlhat wll be
consuned durln% t he F 5500e33|ng reaction can _be dissolved in the |liquid
phase. DepeRaiAg™dRC tH tra hPTPRo STy BgR PR dkide at lﬁfer thogh® 317t he
hydrogen cogkghealcsRed€for &kahip® %maetutbwbm &§ 2af coltedli. ogRMidnAIE fe |1 quid, in
whi ch case it would be assuned that the dro%en was di ssol ved |n t he

l'i qui d phasaltepatelpm Rigomponiny faehdrean) RIKY (9 hygrqtieaintent pangincludeym qletiui d phase
can be sat ugahed oﬂttl&s%@ﬁtoﬂ\@f%, f@[%txam?l%tat’feﬁ’stt @ISbutS%vt%'%@@ttleﬂ%t%upms' cal ly
rather than chemcally; in the contex solubility of gas in liquid, as
used her ei nWt¥ohdhphiogerapongpipotionvhthe|fgedstaek e hats '?eleltl l]feIViOHﬁlY shoul d be
under st ood ion corresponding to at | east 85% of
t he solubllﬁgmo??%$%orﬁﬁ e@aﬁfgﬁﬁg%%ghleast 90% of the solubility limt,
for exanple [@(B%t I é@;stcoﬁ&%btulfuhente@bmbxxygmyaﬂdloﬂnftnsmafeedsatcklceaed 99% of
the solubility,li.m ourse,. include super-s at ed

sotut i ons, PREHEL o M D S8R A B Sl SURCLIBRASE T o
preferably ta@erage Haﬁbdbh@%tﬂéndtehlﬁaeé@lﬁbbbkatnt@te laintthdral féecalranéxamabmpctrmnup t o0 105%

f th | | t | t h dt
o ar peen t naedict pd il in LAt e dodf A0S AR R SRR R e Sl o B P hase.

In practi calbloea?ﬁptdieﬂtﬁeécs,Iftmydﬁ@@zﬂrfedztllﬁwkmeﬂcMem beatoluguiod wppasendcan be
depleted as the reactions progress in/through the |iquid-continuous
reactor. In such enbodi nents, hydrogen originally present in the form of
gaseous bubbl es can dissolve into the liquid phase to resaturate the liquid
phase and provi de additional hydrogen for reaction. In various enbodi nents,
t he vol une occupi ed by a gas phase in the |iquid-continuous reactor can be
| ess than about 10% of the reactor volunme, or |ess than about 5% [0040] The
liquid feed to the dewaxi ng reactor can be well m xed with a hydrogen-
containing treat gas. The hydrogen-containing treat gas can contain at

| east about 50 vol % of hydrogen, or at |east about 80 vol % or at |east
about 90 voI@b or at Ieast about 95 voI@b Excess ‘gas can be vented frontthe

[T o " T o T 1



[0042] Additionally or alternately, additional streans of hydrogen can be
introduced into a reactor directly. One or nore additional hydrogen streans
can be i nwpadiomgidat any convenient |ocation in a react ®T/Ush@1addss i ona
hydrogen streanms can - 14 - include a stream of make-up hydrogen, a stream
of recycl ed hydrogen, any ot her convenlgnt hydr ogen-contai ning stream or a
conbi nation thereof In sonme enbodi nents; "both product recycle and injection
of additional hydrogen streans al ong the axial dimension of the reactor can
be used to provide sufficient hydrogen for a reaction. [0043]1n enbodi nents
i nvol vi ng rélc,e;mcenmnemh@e@mwe 1mopigtical abont 10 sepasthp sesulting blepdedifepdut t o
t he dewaxi ng a? % ﬁﬁ%é?mﬁ&wEﬂﬁa@Hﬂﬂﬁﬁt@Mx%ﬂhP”E of product recycle to
Pt res e tag

t he amount o dintot waxi ng s can be at | east about
0.33:1, for}FE ggle ag | east about 0.5:1, at |east about 1:1, or at |east
about 1. 5:1 y or aIternater, the ratio of the anDunt by vol une
of product 16330¢! e tRvids afBsdie@l, the eRtocr esh Kealy dR@c@BDMlond olmeie | ess,
for exanple about 3:1 or |ess, about 2.5:1 or |ess, or about 2:1 or |ess.

[ 0044] Addi t P¥STaIreaing slaggs pad/aeaqiqrs. A hydireavnen slaggysas bedyaly syilahlpigpe can be
di ssol ved i gt gydr&iRABIDEKactdy, GRAGATTRRRLbE dSictod BiCHholSr t8Sof E@Ror MGt can
purposeful 'y introduced to partiall rovi de additional hydr

functi onal i 13¢lude RGENIRAPYS SaF plgﬂse eﬂ@aarﬁge%meﬁﬁgas? SRV ARG ¢ g% in the

l'i qui d- cont iknYAUS 1§ haGiRabI R r AR cGralydNn AYGrAeAL @ﬁ?m&é&%&érom a
separation device in the hydrotreating stage can be a gas flow that

i ncl udes bohhth@M@gemﬂaﬁmSa contam nant gas. [0045] One exanple of a
process tha r u 0 catal ytic
Geveni ng. pr ST e B RRRG Sy LRI S EERF 1B shFel) 2

f eedst ock t@haqdenamﬂm@<¢mbmﬂN$MauWQQn @kmﬁpksMeuﬁﬂ$i®bMMmbﬁum@MHX|ng
condi tions. E{fe gﬁ@ﬁM@» I% s at ur es caq §bout 500F
(about 260C™ QPS C%& Ul é%%ﬁz“ﬁ%‘ﬁ% t%&h‘im%é%? o} east about
600F (about t}&i@)@)o;r afy othdr shiefsd refrinocty nGhdikl. (Aaoptes 34Gfoup VAHetdloeal | y or

cxcanpl 6. abolie OO P& e | BRST: LUS BaOR Aot TSHSE) or | ess.

Effective dewaXi malpraea/eﬂfr@ﬁ mmymetradtmgear&ﬁn@b@m in2Q@ @siognbaddut 1.4
MPag), for exanple at ast__about 400 (about 8 NPa%é at | east about
afrwa?g O

500 psig (alfStRerar V“ZQQ(i@é@@“é@gﬁi%ﬁﬁémﬁg?aoPéﬁﬁﬂﬁ oNPAY), or at

| east about 43§00a Rsidl PrdsaROUL at Raf AVRAGDO ﬁggmbmﬂﬁﬁkﬁwgpﬁwé% aatgky, the
pressure can be about 2250 psig (about R [ ess or exanpl e

about 1500 PRy 3{Aprddiabaw 2§ M%&j)or Hrleasigabgut 4&8@% <ab2>0t)2 pMEgel atiet 8.2 MPag)
or less, abgukqlO00LRHI3804 fEOUbofR28.7 opfessl ﬁ)?%xanﬂﬂe @&QPBO@(BQ%DS' g (about

5.5 NPag) or | ess. Effective dewaxi ng LHSVs can be at |east - - about

0.1 hr-1, f ¢boaidipMBagitor jesy ot abebbIA0 roigAalyut 1.5 %Hagb edlsts; aboud h@lre hr-1, at
| east ab OUt [;'«Icgvgﬁ)?_é/ \;LH'SV’?%f Atq" §ttaba‘tp[ hr]l Rt Q’{a @egktta'o&ﬂ%lj

alternately, can -1 or or exanpl e’ about 10.0
hr-1 or | esdsastabowtd.shi0, drrat l_tia&babdueéé hralaolluHSB/ @fahoutJLSdir drdess, foor about 2.0
hr-1 or les di l.ter u

pressure, %’é{‘“{%@?’?{ lr(ﬁgr IO? 169&3“(%% fn%ol%sg ar%glgt?t}% oHé?s Ilb%ﬁp{re:g g}e 6(‘:rondl tions
sui tabl e foﬂ%ueemMmtazmrlmﬁb%(mﬂdﬂmeheLHSVr@@ﬁ4@ﬂkmweabdduqenhevwmere
excess gas is v n1the ava h r.ogen in the
react or cancgﬁﬁg 14% é%%ﬁﬁp %%ﬁ ; ﬁ%lFWﬂng Gﬁplggaﬁ f%%éﬁ émg%%lved in
the |iquid. 0f:lihy$uﬁ<|’¢qﬁdnt stadel snElsgs aalehiaging stage) ealiydgasn tredtgasnfa’ge dfiatlcayecessarily

|l ead to an the unt ;0f. avail abl e dro , iC oint the
of oot | vt rast SERE TR G ETR e B iRy Csb B se oo hBoid 8!
solubility Nnﬁ?vm3)<1fndtarmedﬂogaweit gafseﬁelsfmkt)1000’(b1esﬂlbylctalaglem7m)qhmbjnl3)i&y limit

for a typical hydrocarbon feeds ock can {.he range from about 30
scf/bbl ~( abgﬁif fey cxaplg Al SPY sq B‘t]t(abwb%&é\‘m 6180 oF lbut 34 NnB/ nB).
[0032] During hydrotreatment, the sulfur and nitrogen contents of the feedstock

can preferably be reduced. With regard to sulfur, one or more hydrotreatment stages can

advantageously reduce the sulfur content to a suitable level, such to about 1000 wppm or



[ 0047] One advantage of a |iquid-continuous reactor can be that the reactor
does not see a relatively |arge excess of hydrogen, which itself can be a
fi nanci alworaiznoarsd/ or can require conpl ex/ expensi ve separatSean/oeys4 prment ,
e.g., to allow for recovery and/or recycling of excess hydrogen. Typically,
the recycle conpressor used for hydrogen recycle in a trickle-bed reactor
can correspond to approxi mately 10- 15%!%F the total cost of the erected
processing unit. Instead, it can be desirable for a |iquid-continuous
reactor to supply to the reactor only an anount of hydrogen conparable to
t he amount Msededxpapleabay §PGpPe e5ksbnabque sk W or ssgabout &) wppm gat e

cat al yst coki i i nsune from
about 25 sof oo FabaBE g B e b S AR B SE M BT ( abour
85 NnB/ nB) . r{eBGUB8pAtogere therhyidmtregimigishage(Blowan wildihioretih er alteytebygeducs dirt r ol
measures, t roge ' ' xi ng can
be controll gﬁmggpés@%e&?%ﬁttﬁ%%e?ﬁ)ea%f) @3@6\%@ ﬂ Og&%gég%oeggﬁ%g%@ﬁ# éb g’% pﬂﬁ)\é\?ogen and
a hydrogen- fkasmabﬁméﬁwppgl omdns!;,ngunaﬁprmtm fesg b $0 Wbmhmﬂ;ss,beamt 'boundl by
any particular theory, [t | i eved that intraoducing H2S into a catalytic
denax ng. ot AGRTARSE bt df b kIR s AR e DR TR ATE Rl i g
activity foKearabshitiallgdédlygna@nwhick &Gin(@Rddpond & sinovih@it lesndtamvlirgmidr) can be
i ntroduced into the dewaxi st age by using at _le ortion of the gas
bhase ef f1 uBHTHE Bt et Ao g bt R A%eBt et SR b r TR e P bt ng
zone. For exadplehich cank6rrespbfd 0 rédudialk Sreltixy fandica@eNtoSL I eBHvalke, firsl i p stream
fromthe gas-phase eff|uent of the separation stage can he available for

di ssol ut i on ¥R P-H2 Vh &F b 84 e Gtin-or 207 T Iegs) @e,bl%fﬁmpsnem or

appr oxi mat ebhet HEgsREHRIiAihE Yoclidtdtk! DebiBeiinFRERd\a ¥R HidMeRewiaed to

regul ate the m xture of makeup hydrogen and gas phase separator effluent to
use for sat GraystRgisPHAYAIdAIdesctivation dopknthe efiertipn of Hatehgdiesonestded 1 qui d
effluent. OagiQPtJaRpr&euifd be to nonitor the H2S content of the gaseous
output fromthe hydrotreating stage using an H2S anal yzer. Thus, the anount
of the gas pHESE sepHtcabpiroedatthentribhe wonting midrgreethécida@itcamhdye acont rol l ed to

achi eve a degil.Ak GANFEMLAGARCLIRS L A0 ILAHL i 8ATL] nuous react or

treat gas. tron y or alternate ase separator effluent
can be addeddvantagessifyfoi @i least atzo Uihtvi%s,dot dxamptat lcessbouwabdut’Or it loast % of t he
gas di ssol V%ﬁ%itﬁot @9 input feed to the |iquid-continuous reactor conprises
H2S, for exdnpl & dt™ 1 east about 0.3 mol % at |east about 0.5 nol % at | east
1 nol% or at least about 1.5 nmol % Further additionally or alternately,

the anount ofpaptignand Gag Recycling + he feed can be about 10 nol % or | ess of the
total di ssolygeagas,afdhy&samrh&aRepraRn Rl ik & He@S&: to 3AMEe it 0! % or
| ess, about 1 nol % or |less, or about 0.5 nmol % or less. Still further

addi ti onal | ympiritigs pragrigpashipg thethadiapeatey} fsedsfogle ¢ the devraxing stpge-dThe oduct stream

ft d - : : t about 50
arter dewax 'F(ggrsatcflaggggceactfgBgag%pﬁ]ﬁg)ﬁ%%s}l emrfﬁbn(%%{or %)I(QI[H?IIIQ? d@\h?é gast abou

wppm or at out I'i an enbodi ment 1 nvol Ving

i nt r oduct i oan@hergombinttam oideticayasifabifohscagratdzgasphese aroluets frof lmpwhat i cs
saturation | e ced. S n i.ment, the
aromatics c%ﬁ%@ﬁﬂ)\ég‘?g'?ﬁog%g%?%%gﬁ?ﬁa?%grnﬁ §£Ig%emdé§?%)36? g%gﬂglgi be at | east
about 50% otorthreinantesath 531,68 end BHE, fofmcdhleringipudrotteatnidng aglewlhxd sierghage, for
exanpl e at Iﬁast albout h%SO or ay lﬁai% arbgutt 75% Inatvrartg Qus er(ablé)(gi ment s,

t he i nput t 8"PREPGERK n& %Pag Can®'dor e %Co%d et 4 %eor Yon of the
hydr ot r eat edr &fld bapefation §t0R56] L @idingtioicofthenand dgl sepiradm@s The séphmtioemoval
and/or isonerization of relatively |lo -c.hﬂ%%@, araffinic I ecuhges from
feeds. CataPy# @H&B%é?iahbprééﬁﬁrebsémﬁ%% P8 m@%csﬁrn@éﬁgw RFEERi ng

and/ or by hysde@ddsoaes high psduiesparhtidheige i tiRGitbsesre chiysh Ddewa digp cat al yst s
can conprise nol ecul ar sieves such as crystalline alum nosilicates

(zeol i tes) BfO%ith €BHPUCR FA¥Shosphat es (SAPOs). Additionally or alternately,
the mol ecul g3 eve 1 chboBmdit RhOLasPnR TR RAULG 2 SdfaMBon b &xBEPI € a 10-
menber ring 1-D nol ecul ar sieve. anpl es of nol ecul’ar sieves useful for
dewaxi ng camsddrie proile resyeledhydrogen foriarfydedreatmentagigr 48he eshasp efffogn 23,

ZSM 35, zeol ] I nat.j ferred
erbodi ment . CTh el g filrinarl HREMDEHAIROBRERD 1 Jafedd S s,
ZSM 35, ZSM 48, and conbi nations thereof, particularly ZSM5, ZSM 48,

and/ or ZSM 23. Optionally, the dewaxing catalyst can include a binder, such
as alumna, titania, silica, silica-alumna, zirconia, or a conbination
thereof, for exanple alumna and/or titania, or one or nore of titania,
silica, and zirconia. Additionally or alternately, a portion of the

catal yst in the dewaxi ng reactor can conprise or be a hydrotreatnent

catal yst. [0051] One feature of nol ecular sieves that can inpact the



nmol ecul ar sieve includes the ratio of silica to alumna (Si/A2) in the

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

al um na rwoi2e12af3BBout 200: 1 or | ess, for exanpl e about PCZQIS2010/04178¢ S,
about 100:1 or |ess, about 90:1 or less, or about 75:1 or |ess.

Addi tionally or alternately, the nol ecul ar sieve can have a silica to
alumna ratio of at |east about 30:1, fidr exanpl e at | east about 50:1 or at
| east about 65: 1. [0052] The dewaxi ng catal yst can also typically include a

met al hydrogenation conponent, such as a Goup VIII netal. Suitable Goup
VI11 et al s agHrS. iNFG| ighe emts, angidhe Ije, andreopbinpiionsthcsees Thesiememimeigas dewaxi ng
catalyst Calub el idenh d.5281 paRBHLen o donth Al of G gy V11 | et al (8), for
exanpl e at [east about l'east a wt% at |east about 1.0
w % at | eadydraproesssing. SIfﬂp%d,dhlsattealm@sfoea@opmssw@pm%e sdifatiienit pressukey  or
alternately i o) 9 ess of
the G oup VTS ENEHRraEbRARL n FE B HRGB Oidaihafl, Wl BhechO°2 0 o
or | ess, abdutliqhids b fwmltlsﬁsgh-messatmune df. the ytd¥otmatingesape chiOBS3ipprd sone

enmbodi nents, the d i at al yst cal cl ude

o openmt Sl TR R Rt Ui AR PSR RER Y S8R ana o .
Such G oup VisBllaretiel.s can typ| cally be used in conjunction with the at

| east one & VI t al h as. NI and/or Co. An e of such an
enbodi nent AU0H be AfdRAN A PG liempiglyy b sgnasfion pagagaal WWL RFrvBEYClBhE Ni Mow

When presenbf h}dﬂ@geﬂ@ﬁ@f@r Pﬂwﬁﬁ’dgad I¥efhd Sraduct fhmMds &b il @aaéwaltagdbsp W % of
the Group VIB netal ( e at |least about 1.0 wt% at |east about

2.5 W% or Ixguch e%té%dle%mth%efﬂuw tpm Absdivdradisaimept reearandr patsed throughe

dewaxi ng cababy ﬁfgh%?égsdr@%h{q%r AU cak Be Qsetho/ Qe@ﬁrateQ%hﬁfronteQ@d Graup VIB

nmetal (s), for exanple about 15.0 wt % or |ess, about 10.0 wt % or |ess, about
5.0 wt % or [es liqyd e%fbl@@taniaeawl%ecﬁfﬂmees sThogaeplase @félu@rémgeﬁgraﬂtat al yst
contai ns on r

preferred Glrl%étlju%?gnyh é ?%E€L§Othag%§ye§ Aé 'FIE‘ ?tqg)tg éMFl’r0 ogl c%%g gr%j%gfrdta?nets

[ 0054] Typi ca#n e spbf &fF axdi dipisirban br e sgein atyhveled brthebaneérsitonousnt o a

(about - 00) HEMERAGET R BisBhusBloPlR BRbAb e by B SRR o0
10C) . Howevens, typomiy frylpesna&mmamyprése@yygatorfompthertotel t@aisgasut;esl ict have cl oud

points up t§ aalljx(i)rlljt 217%F %r %em& (E] %r)l(ta r ma erof bOUt tfrse%F f{fabOUt
16C). Siml F‘iv & 35 cﬁ i i 15 Ical bl occﬁr%% "Beds can

be up to abdwthoNith(lﬁmme saﬂaﬁ)or chﬂnth\tﬁbd: musmar&tat;lhngbmtessurasepﬁmﬁuclf fromthe

enct one. cobret By peopeenyerfim Bes ‘é%p%tpﬁct‘r%%t e O e

cold filter c@dthtg@hﬁtgfr@t@laﬂiydmw}ﬁébnaaudhgﬁ&lamf &gl umgnﬂmtzeﬂtﬁmzpqmwﬁedctby t he
above net hods, the diesel product can advant us have a cl oud point at
| east about 25¢ 1BHRFCTERER 2t WA P wwufbﬁle%t%w@mseﬁ&ont%%g tifaMfahaxi ng
stage, for exampkempbssb@asie ARG bMprdseM@nd mal opRaslly Bb@ud in20C | ower, at
| east about 30C | ower, or at |east about 40C | ower. Addl tionally or

al t er nat el y 'YTRECHNG 82801 nt of the dewaxed product can be about -5C or

| ess, for exanple about -10C or |ess, about -15C or |ess, or about -20C or
| ess. Furth@%ﬁdlﬂewamnbimmummmc_ﬂuhe cl oud p0| nt of the dewaxed
feed can be east about

| east about [Y58E (91 OPF%“ toﬁe?fc“r%%a‘feétl%aeF S“’C% C%tt?eetﬁ’r%%‘% %the feﬁ%onFoduct
from t he dewaxteagosihadéchainlidiad/ghasd repeasits tharendohdas f)hasmnmtherbectbiy that is at

| east about _10C. | o han the corres din of the feedstock, for
exanpl o at TEaonghH rropeessy e fgrengonisaan Qi besbrsdionshore i t | onal

Enbodi ment s exdeQ0sighAaelilisiinn additudis gad prasdiatied factdh én & Dy@do0muean i ncl ude
one or nore of the foll ow ngb enbodi ments. [0056] Enbodi nent 1. A nmethod for
maki ng a di &2&1onthrefeedsiost eritbe cXBRRT fasgns gt metﬁﬁea%?ﬁ Agha e dCHER i th a

hydr ot r eat i RgntfiabAbYSlindBe8Yst, &t @Cdah ¥ uMdldat beRtch Ao @RAithicaRS typks a
hydr ot r eat rrent reactor that” i ncl udes a conti nuous gas Fhase to make a

hydr ot r eat e@f eflystie fitch as thoss withblg far hrdmijentiag (eat ydradetiirpesittionnt o at | east a
hydr ot r eat egykhb sk fo R QAUS)/ RMYdBd S8F1RARSS aRE/GAHQFocracRife NYE 1 qulicﬁéElEd
liquid product havihg a cloud point, the gas-phase produ€t including H2 and
H25; m xing the hydrotreated |iquid product with a hydrogen-contai ni ng
stream and at |east a portion of the gas-phase product to produce a
hydr ot reat ed dewaxi ng i nput stream the hydrotreated dewaxi ng i nput stream
havi ng an H25 content corresponding to at |east about 0.1 nol % of a total




- 19 - gas content in the hydrotreated dewaxi ng input stream and
contacting the hydrotreated dewaxing i nput streamw th a dewaxi ng catal yst
under ef fwotnizeogwBal yti c dewaxi ng conditions in a | i quiPdTABS2I1AUOES
reactor to forma dewaxed effluent that includes a dewaxed distillate
product, the dewaxed effluent having a §o| d flow property that is at |east
about 9F (about 5C) less than a corres‘p1 ndi ng cold fl ow property of the
feedstock, the cold flow property conprising one or nore of a cloud point,
a pour point, and a cold filter pl uggi ng point. 50057] Enbodi ment 2. The

nmet hod of erpedirensthe tap onypesraiorionk el Hewastetandfcrn fevitdowaward tyeedhribe ar omat i cs

content of {opabti Ba6; Sl 4ssike iR BOBh! GANLER rerin fn

hydr ot r eat egéaéfof'l uent 036%8{%%%‘gi0ner18t§1%t§. aA%’e%ﬁ%é %@% ?rail rll% dresel
fuel productntheertplyitdiedhg: provi ding a feedstock having a cloud point of at
| east about omat i cs

(about -4C) and havin f.irst a tent;
contacting 1988 tead BuioieeRite RSO abt g AP ETPRG TR A &7 ot ve
hydr ot r eat i ngalgsatriaihiipessnce of Bydiyudn oWidattrtei boealChyany tphiculanttatdds aa
conti nuous gas phase t e hydrotreated eff] yent; separating the
o ot roat edoBERIaHEC DR Gec el byt S Pt a0 oy TRa BROHIGE and a gas
phase produgtesert hethgasctphame hpi@gtbcéssing chtblghitRerrédPoaRdo e Solidphasang t he
hydrotreated |iqui pr_oguct_ w th a hydrogen cont ai gi ng stream and the gas
phase pr oduciother 83" PRI HE!H RSHCRUOTOWRE ThEC it PY & EsediAte: BRKabont act i ng

the hydr ot r gatrehdBSWRXENGplidHRNY schhd BRIBNWald, ad devPXdsBGkubiRhtdonmitdnder
ef fective catal é}tﬁl c dewaxing conditions I n a |liquid-continuous reactor to

form a dewageds BRf ¢ dofm Juiiee Gydrapfosessbsaklischydrogen gasdn BesroRiiged s t he dewaxed

ef fl uent hayjjigapRes®icubaiBl dess 6aNhem mt BAburltSeired RRR about 50% of
the first aromatics content, and the dewaxed effluent al so having a cl oud

poi nt at | edsdropibenssingra¢tinm) In pogyentioan tigkde-bdygertpothpsolif t he feedst ock.
0059] Enbodi - ' [ ts,
[ ] 'hg?rgéroéessd_%%atﬂ?stt Q&Fltg%as%ﬂﬁse%ﬁ chfuP% th?é%{ %\eéhﬁ%/bg? SAROAL BN

wherein the ng conprises adjtsting a rat ydr ogen- cont ai ni ng
stream and thlemat fof exagipleat frosttabor 88%0 arhelcgphsbquhd¥e pholiud t'pitasercatiuce t he

nydr ogen conSHITRY AN olNghlbteldh AU, SROLT QHAHS o RRGKRes B WL, R0 N8/ 8 o

| ess. [ 0060 e e one o e previous
enbodi ment s mayoelyeicoupata shel portian pdtht ivolomef sutihes ldewsmetow2Dbaémt from t he

| i qui d-conti nuoys, reactor is,recycled b XI it w.th t) drotreated
liquid pr odﬁ)éatmpg? %e%srt %no&%g%'i ]3)/ r)illélsﬁgtha\lll\,iap %ut?%’e %%a re%ué%vﬁ]h-eglgﬁlggfeﬁgt%k stream
-20- 100611 nEyhodioreatoBinudizehaet hotbadf thalyuidfaad niahenghrdeyiootssmple,

PO e B S B LS SRSl Lo o Lhe
recycl ed as [@B9] nputwBkdueBhd Bouhnl 8y hihytibhirlut® Bcb AL UGuil 88@ nAbus reactor
[0062] EnbOdlpron%?c{[es Z 'diff-g?e%t tr;lgé Qfo pQOcoefssil?gne%lvggfmgt a;[ choef\npg{e%\{é g gisckfee[rtgg?elargggt >
In a liquid-continuous reactor, the reaction zone can be primarily composed of two
phases. One phase can be a solid phase corresponding to the hydroprocessing catalyst.
The second phase can be a liquid phase corresponding to the feedstock, which can be
present as a continuous phase in a liquid-continuous reactor. In an embodiment, the
hydrogen that will be consumed during the hydroprocessing reaction can be dissolved in
the liquid phase. Depending on the quantity of hydrogen used, a portion of the hydrogen
could also be in the form of bubbles of hydrogen in the liquid, in which case it would be
assumed that the hydrogen was dissolved in the liquid phase at approximately the
solubility limit (i.e., the liquid phase can be saturated with hydrogen, but “saturated” is

meant here physically rather than chemically; in the context of solubility of gas in liquid,

as used herein, the phrase “approximately the solubility limit” should be understood to



wherein the contacting in the |iquid-continuous reactor conprises: renoving
at least a portion of the hydrotreated dewaxing i nput streamfromthe

| i qui d- combi2nlecesi3Beact or; di ssol vi ng hydrogen in the recousdopost7son; and
passi ng the renoved portion containing the dissolved hydrogen back into the
| i qui d-conti nuous reactor. [0063] Enbodi nent 8. The nethod of any one of the
previ ous enbodi nents, wherein the ef f edtive catal yti c dewaxi ng conditions

i nclude a tenperature from about 500F (about 260C) to about 750F (about
399C), a total pressure from about 200 psig (about 1.4 MPag) to about 2250
psi g (about MEEN &cypaiflation prirespendHgNo ftrlens @%/oefthgsozumhtyilmlbp@&mhlyt95 hr-1.

[ 0064] Enbodi . - - L eM] : jment s,
wherein effg%%gg&ﬂfg&gtsﬁgy Bﬂbﬁggﬁ%%%llﬂg%é&%t%%l@ﬁ)gej gfvt%l %%r%uebr%a ﬁglel rom about
500F (about t@80@yt 1960 efisbustol@oldF liatbwhich 426 6f ¢ougset intlade wpersstwrated r om about

200 psig (a . 1. J t,. 2 , LHSV
from about 8&55%%1@mpggg%%égoﬁggﬁ%fi?ggﬁ§§%9ﬁ@@@ggéﬁﬁgP%ﬁ%ﬁ%gé”ﬁﬁge from
about 500 sdi@%bf theadlobititydmiNA®/ axBhple o ebouds LoIAER ssbiligblimitabidus, the7 00

N8/ n8) . [ 0065] Enbodi ment ... The net hod of one ..of revi ous

boai ment s FREraDArERE aditssrige B 47 e Bt Paftin BT eve and
a support ed dixedledd, in thediqoioll phadel @i practebenttdptidng, hglirddMdBsolZdh 2, ligdaM 23,
ZSM 35, ZSM 48, or. a cpnﬁinﬁ%ion.thereof h&%GG%E&Egﬁigpnt.ll. The net hod of
embodi ment DO GHERECR A @S IGIrgElionsProgesy &V euss UAFERIHEYS D& or a
conbi nat i O%ﬁ &’au_aheﬁif)oc[iﬁi@ﬁﬂh%ﬂ%géﬁ ¢¥Rsalld Bresdid én tﬂEfd’ﬂ@be@ﬁsg&E%buglﬁles &h t hg

previ ous enbodi nents, further conprising: separating the hydrotreate

ef fluent i nf5sate inodhg ﬁ%lﬁi%ﬁ%&%f&%{%ﬁe ﬁﬁe&a}nép e ProRie a@%ongfas-phase
products, tRedBas BhA&RIR AHELS @RRindA&| thdiviBnRloctPrRIby H2adphsdRS,
providing a first gas-phase product for mxing with the hydrotreated |iquid
product ; redVERdn@NHINPDEFEHOT G28 BF S5t B akpul HE L ghiks ecapiebrrlene. oakses recycl i ng
t he recover gg hydregen. -21- 100681 Enbodi ment 13. The nethod of any one
of the previous enbodi nents, wherein the hydrotreated dewaxing input stream
has an H2S ¢(@HOEnt dfheditjuiddendtto igdavainSreandirnbe whkk nixadatithgaly diagen-he

gxgr 8;5 r Zﬁ%gg?ﬁ%ﬁ@é "nggc gg? p\'j\ii}e&?é{o%@ﬁog&a@&ﬁ? lrmgsdéaﬂg&}taiﬁ%t lea-lléltqgooq%d.md of any
vol% of hydrogen, or at least about 80 vol%, or at least about 90 vol%, or at least about
95 vol%. Excess gas can be vented from the mixture before it enters the reactor, or
excess gas can be vented directly from the reactor. The liquid level in the reactor can be
controlled so that the catalyst in the reactor is substantially (e.g., completely) wetted.
[0041] In some embodiments, the hydroprocessing reactions in a bed, stage, and/or
reactor can require more hydrogen than can be dissolved in the liquid phase. In such
embodiments, one or more techniques can be used to provide additional hydrogen for the
hydroprocessing reaction. One option can be to recycle a portion of the product from the
reactor. A recycled portion of product has already passed through a hydroprocessing
stage, and therefore will likely have a reduced hydrogen consumption as it passes
through the hydroprocessing stage again. Additionally or alternately, the solubility of
the recycled feed can be higher than a comparable unprocessed feed. As a result,
including a portion of recycled product with fresh feed can increase the amount of
hydrogen available for reaction with the fresh feed.
[0042] Additionally or alternately, additional streams of hydrogen can be
introduced into a reactor directly. One or more additional hydrogen streams can be

introduced at any convenient location in a reactor. The additional hydrogen streams can



second aromatics content is at |east about 65%of the first aromatics
content. Exanple of a Reaction System [0070] A reaction system suitable for
carryi ng Worotme3msBove processes i s shown schemati cal | y PCH/USR@uf0e1734 | n
Figure 1, a hydrocarbon feedstock 110 is introduced into a first
hydrotreatment reactor 120. A hydrogen treat gas stream 115 is al so

i ntroduced into hydrotreatnent reactor 1#20. Optional ly, the hydrogen treat
gas stream 115 can include a portion of recycled hydrogen gas stream 152.
The hydrocarbon feedstock is exposed to hydrotreating conditions in first
hydr ot r eat mételude @ gteeamr ofipakeiup hyfozgr, a sesmaroigecyslse hpdrogasy anycatheal yst beds

t hat cont ai r ot i - e reduce the

sul fur cont g(r)ll'?%gl &tlﬁgﬁgélgg%ng%ﬁlﬁéé%%{%@% Ctog% a ag%%ﬁg%gp g%rsn% wei ght or | ess,
or about 50 cwppdiments,|bedsprodict byl andGnjpgiipmodadditengl hyll @7 jtichms hipdg ot r eat ed
feedstock 11 QR hRALLYof hOSbrATLEYAG! L EOLITEN L EALhRkaddP, I ntO &
separation stage : ere gas phase products are separate romliquid
phase producdastionSeparati on stage 125 is shown as a single el enment, but

stage 125 ¢ pr esent | tiple devices that perfqrmthe function of a
separat i on WGP TI Phttnrtinelieroas of BeePed bdiTonr apstaige 125
pr oduceg a Imedngit ket e@lwdxiir@wta@fe,&hé ﬁﬁﬂbﬂ-tiaSam@ﬁhtﬁp&bl@ﬂﬁbf@r@&ﬁﬁ;ﬁ:yﬁb td slt ream
132, and a gaseous strea 22 for recycling. The stream 122 for recycling
i's passed ¢ B raip ot fosh f%%lﬂ&tfa@éeﬁwg 5P SR RIS -0 s Mxanpl 6, an
ani ne scr ubReimpiat @RDIBUICNNT aMAaRbsut firom 4t|1'b%st5ab61ﬁ3;m:1._-m&iit$&faﬂﬁ6ﬂ can then
be added to the hydrogen | oop of the refinery. Alternatively, the

embodi ment - 8k@n#ely rhFatio of the BNt oK olyte phiprode rey eripilie PrewAef Bethst age 155
bei ng used agq4RA( be BoulNEoNYAT RIS aRIUA: PLF BAL 1BR0F 2 5836 [, odedfdut
Optionally, the output 152 fromthe purification stage 155 can be
conpressed @iot leshown) before being added to the refinery hydrogen | oop
and/or to a r pr - d.| i qui am 128 from

t he separ at mﬂit agéAp (lfag[ﬁ)?‘ %lg[n&%;téllggtgﬁt %X(%ae 1#%3%%&4%%%?%&g{i}{s&dewaxi ng

react or 140diskylvalrin b deedstdoa iAgpntapaodnd gas]£kCh as HeS, hyrdbegturgatfely | | qui d stream
128 can be saturated or .parti.ally. satuyrated wth drogen.. This can be
zccompt i shedofuRuig o B i RG b AoB it oy Ll Hafy 550
hydr ot r eat etheliydtoigeh ainseagtioh 28tha higuiti ventimioxd stget Rer shumplanm dvarhsddagasc m xer
165. An option slip stream 132 from t he separation stage.125 can al so be
added Lo F hdoSrubPAaHobRrsE Toesbidolaf SRR BT e AR YA CRRERY: GuTa may
be flashed abfhekdlogavindg cohemshatdac. M xer to renobve excess gas.
Alternativelé/ excess gas in the liquid leaving the static m xer may be
vented di r ed@MpIf ¢ oreExapRlf ofizprocqsy Bajaade apriofmed e igidesnsipaqus o

sat urated Oke p@F is!a%hial&ti@%E\Hi;@ﬂge&o&ygr@itilﬁﬁtc%@ah%l%%% F6ABdb¢8, the
hydrotreated |iquid streamenters reactor 140. e h}J/ﬂ_r otreatéd liquid

stream can BesihaBiferdeiow or dawpringipaielyse eyder effectivetfialyfig) dsiiasingt o ni xi ng
Wi th gaseoué?ﬁtﬁt‘icﬁﬁnﬁff&?@e 8Qehxdifbden J?Qcm:ekgdﬂ 'a?fé@ét'aﬂ&l{?'déoﬁgéﬁ%&ﬁ{ My gact or

140 dewaxes feed and generates a di esel product stream 148. Liquid recycle
stream 178 d¢errexiyapld piwast dfolit $308I{alpet8R°(Pr e dikasttabautrt@a T @l@t 3 Bsti.onal | v,

reactor 140 d Ok ki i: f Ul ' tal yst.

[ 0074] FI G ie%gtc%ﬁ@r%a%?g)ca +‘§hg§?13§%§ ’éérl\%t é‘?;' 8@%&@%@§weit%¢%%8?%gfydr ogen

i nto a | i quiabeut 35A°F Halous3398@drdess, thinexEinGle aBoutt’(6° Friaboat 3712¢hordess oshown f or

m xi ng hydrogen wi.t-h.a 1iguid. Sidg.streams of liquid 273 are renpved from
Fenctor 240 B oftF aRubklt Fra s Bude S Bt el B8 B WP i Wt
hydr ogen fr @ pyigltabgen .sMPegnoR @d2ampldee lasitabowdtded pdig (abioak 27M Phs), dtheast

returned to th act 0.t | so ossi bl o saturate liquid
W thinthe PeAteOT R Chol Shrdbien R ShBUS Fove LteRar S e
reinj ect) aayoutilopo fdignabit b alMPAep M difodali@6t dlfernately, the pressure can be about

2250 psig (about 15.5 MPag) or less, for example about 1500 psig (about 10.3 MPag) or

less, about 1200 psig (about 8.2 MPag) or less, about 1000 psig (about 6.9 MPag) or less,
or about 800 psig (about 5.5 MPag) or less. Effective dewaxing LHSVs can be at least



Exanple 1 [0075] The following is a prophetic exanple. A heavy atnospheric
gas oil is selected as a feedstock. The feedstock has a boiling range from
about 225¥0t2012a198138 440C. The cl oud point of the feedst®Ck/usgo1aloeirss - 4C.
The sul fur content of the feed is about 4000 wopm The feed is hydrotreated
in a trickle-bed reactor under effecti ve hydrotreating conditions. The

cat al yst includes nickel and nol ybdenunll on an al um na support. The
hydrotreated ef fl uent |s then separated into a liquid stream a gas phase
stream for recapturﬁ recycl ed hydrogen, and a side stream containing
hydr ogen andbq48.1 hThdorsaypmp abb%ﬁtélmut@ hrhat legeti plosut @A thed af fegftiplpust Peam i s

about 10 wppm of AOZE]T0E Py Ao @RkEd) &l atayrtﬁ@m{ma&b%ﬁf hydr ogen

streamare mxed in a static m e I SSO drogen in qu
stream to appleexfargkahyie sivat Kol wbi drlletsy, abputidto, herr besy@boelw phoderdesssirr eam

fromthe i QHdu‘?z%%gﬁ b Fu %ﬁ&%{l&ﬁoﬂaﬁ%@ zﬁ%rﬂﬂeé’eqle\’%&lgerét&% &g%ﬁ% %at ed

liquid streamin a I NCrea nount rog -
23 - rel ati vélSivofot hbqedpedinecisaemnsu it ¢onrprisd cdnd@ioheaitabld fre uéqoimam caI I y, not
chem cal l y) %Lubra edt liquid streamthen enters a |iquid-continuous reactor
cont ai ni ng & GEWEKIT R %at al yst. The dewaxing catal yst incl udes

al um na- boung46pM 48n einbbiiAbALIvhEre Gx bR lis veliRe oSatoi @b ﬁ@ulﬂitﬂéﬂ d streamis
dewaxed under eé‘f gctl ve dewaxi ng conditions to produce a di esg fuel

product havPHYa8l OV Gag IBITeastor sHolits CotsEROne FRUSAY P B SMOBHN tHBP#Bn in the
stage is abgutolad0n afiighll 14 @d@ﬁ@&uaa&ng\lg'ﬁ{gﬂ&)trea{@@wQdyh&gle&rs%gsm ng, a

decision is nmade to reduce the hydroqen consunption in th
| i qui d- cont I598&U%" iperaRse &t the Ampwtof Biiilgle Wéog,epovéﬁélmh@amt%ﬁffa@w&r@aw and

H2S i's adde%a&‘atetvhﬁnr{r@l{e@ctb'ﬂné}m q @Iﬂleﬁ't%%QhJ QubAf) Undlor g 1R Streans.
I ntroduction of the H2S reduces t hydrogen consunption in the

| i qui d- cont {lisedstesk): eldie hydrogan Sab’blhty Boit derfay tpipFal hadecaboy fWﬁQ‘P?ﬁB%ﬂ Bdzause t he
hydr ogen CO%‘%E)H&%'% duf %ﬁﬁﬂ (aﬁoP?ﬁf FNQ?EP'SToSabBQt 29@@&/%?858’&%2' e liquid
e of the

product, ther i ncreasing t I Cl ency ewaxi ng catal yst. The
cl oud poi nt Not /oy e resul ti ng |l iquid product is about -30C. Exanple 2

[ 0078] Three &gﬁg cen ed to investi Xing of a
hydr opr ocesi i sti qe afi Vamarge 3 fjcllul{l{ QRS RCEer C%ﬁbeet}l ﬂ(ﬁfeor\?v&ll Cﬁ‘g dé)?(s’anpl es are
provi ded t onbl detss telaivelytldrge exrpaci hodro¢gddSwhiah axetbfrmh be s figaiciat dtaincamd@nd

171 chl e bedohLHRY by @i S rEr BT bREN B b e RS Ba Ry brben

Cﬁnsunpt [ Orréﬁclﬁﬁgpﬁéi@ds Hy@rogh. fSTypldag&ltmmedymﬂpmwslsédetaﬁmm@gen[ 0079] | n
this exanpl e ewaxl n wa PEertorne on two t A
Tabl e 1 shoWEYER& ap%%'erbﬁ éegctelf cag cwwp@&rtae@@e@alaﬁfys}q ﬁ? é@éthﬁé@al Coﬁ"he feed

in Col um Ach@s$ crecic@bricbyb Yini. Olﬂst@w"ﬁt%ﬁﬁ b@iiesf?&ﬁl@fo?thﬁﬁiﬂ—c@ﬂﬁluﬁhstlémn The
aromatic saturation occurring for this duri n%)l ewaxi ng can be used as
o)

a basel i ne fOWPRYIY eSS B%}V Bk dweunt p@@@mgea coOmPRTPlpt thepnamineghlihs t he
properties @f; ahyhiRBhctNRL rdddGoHEES to mitigate catalyst coking. For example, a catalytic

dewaxing process can consume from about 25 scf/bbl (about 9 Nm’/m?) of hydrogen to
about 500 scf/bbl (about 85 Nm®/m”*).

[0048] Alone or in combination with other hydrogen control measures, the amount
of hydrogen consumed during the catalytic dewaxing can be controlled by saturating the
feed with a gaseous mixture of hydrogen and a hydrogen-supplementing contaminant,
such as H,S. Without being bound by any particular theory, it is believed that
introducing H»S into a catalytic dewaxing stage can suppress activity of the dewaxing
catalyst, including activity for aromatic saturation. H,S (and/or a similar contaminant)
can be introduced into the dewaxing stage by using at least a portion of the gas phase

effluent from the product separation section of the hydrotreating zone. For example,



contam nants in the formof sulfur and nitrogen. In order to sinulate the
effect of using a slip stream of product gas fromthe hydroprocessing unit
as treat §yax012008138 dewaxi ng zone, the hydroprocessed f @€d/tshaamo4i7a4 Col um
A was spi ked with dinmethyl disulfide (DVDS) and tributyl am ne (TBA). After
spi king, the liquid product was found, as shown in Table 1 colum B, to
have about 1.86 wt % sul fur and about 581(§‘wppm nitrogen. To ensure that the
DVMDS and TBA were fully deconposed to H2S and NH3, - 24 - respectively,
before the feed contacted the dewaxing catal yst, an additional reactor was

added upst r éathaghaketip hyldingst sigam @bkt i sigrm SoPkthagasadeseteliuabofbsi ti on.
This reacto i = Sl £ - NI P al yst and
oper at od_at “Ino0r SOF L abaa o A N ha e R Lo R BT

col | ect ed abigemp thippraxduitely dreesolubditclioit. Oonbi memedakyebesndnuicdltd weeolbiepl et e
deconposi ti ) Kl n i tally conpl ete
deconposi ti @%}%H‘?ﬁ@%ﬂ g@gh%%ﬁgltr@%ags %ﬁ %gg?g\%\ﬁirgﬁfgueﬁitggg %)%O?%A&}an}s/mtgn | cul at ed
to contai n &dgsitallly, SotrrbéMcHRS therig d@beattd Dqud effihérit.NBIBe opFive caddbt toon of a

smal | anmpount_ of rel atd ve volatile co nds i.s.also reflected in.the
Geti 1 hoet omeBliaf i B goflehusi o SREROER B Bt SheCRlEraelss og

di still ate atddydcheTlap]tkesmbyndoOpe gaabhsedcethirabdi difldhecdnathic@mip a8 bincbe
properties. [0081] A hydroprocessed distil e material having the

D oPer il oo SHOMIE 10 BT IRESP S epiatar S e T S Aot e Sreatbout 10
hr-1 over agaalAdtitiAaidosMtembtcy, it YadPhadeSvpASotlenaont Ba aldaddista at about

2150 psig (about 14.8 MPag) total pressure d at a treat gas rate of about
3360 scf/ bbﬁuf?lalﬁaﬁfem&womﬁéﬁweﬁsr abpts0-{ okt Ogﬁﬂg rdipRbeg TeRpEPIETH S was

- 100% hydr ogeNiquiScon@h s tdactdAnrides HREfRYEGH MR ARSSB6utdI ShbP, af €
cont ai ned about 3.5 m sul fur and had a total aromatics content of about

Wpp 19
17.0% Tabl éagt aboyPepplio @blsased st 912t ke apagbll drvel ) Fophweddikpaiilypr ocessed
Distillate GEAldMRBhARouHE @MLEYiEAeE 1§ 8% fedhaft be about 10 mol% or less of

the total dissolved gas, for example about 5 mol% or less, about 2 mol% or less, about 1
mol% or less, or about 0.5 mol% or less. Still further additionally or alternately, the H,S
dissolved in the liquid product stream after dewaxing can be at least about 25 wppm, for
example at least about 50 wppm or at least about 100 wppm.

[0049] In an embodiment involving introduction of a contaminant gas, such as
H,S, the amount of aromatics saturation can advantageously be reduced. In such an
embodiment, the aromatics content of the effluent from the dewaxing stage can be at
least about 50% of the aromatics content of the input to the dewaxing stage, for example
at least about 65% or at least about 75%. In various embodiments, the input to the
dewaxing stage can correspond to at least a portion of the hydrotreated effluent.

[0050] Catalytic dewaxing relates to the removal and/or isomerization of relatively
long-chain, paraffinic molecules from feeds. Catalytic dewaxing can be accomplished
by selectively cracking and/or by hydroisomerizing these linear molecules.
Hydrodewaxing catalysts can comprise molecular sieves such as crystalline
aluminosilicates (zeolites) or silicoaluminophosphates (SAPOs). Additionally or
alternately, the molecular sieve can be a 1-D or 3-D molecular sieve, for example a 10-
member ring 1-D molecular sieve. Examples of molecular sieves useful for dewaxing
can include, but are not limited to, ZSM-48, ZSM-22, ZSM-23, ZSM-35, zeolite Beta,

USY, ZSM-5, and combinations thereof. In a preferred embodiment, the molecular sieve
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can comprise ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48, and combinations thereof,
particularly ZSM-5, ZSM-48, and/or ZSM-23. Optionally, the dewaxing catalyst can
include a binder, such as alumina, titania, silica, silica-alumina, zirconia, or a
combination thereof, for example alumina and/or titania, or one or more of titania, silica,
and zirconia. Additionally or alternately, a portion of the catalyst in the dewaxing
reactor can comprise or be a hydrotreatment catalyst.

[0051] One feature of molecular sieves that can impact the activity of the
molecular sieve includes the ratio of silica to alumina (Si/Al») in the molecular sieve.
For instance, the molecular sieve can have a silica to alumina ratio of about 200:1 or less,
for example about 120:1 or less, about 100:1 or less, about 90:1 or less, or about 75:1 or
less. Additionally or alternately, the molecular sieve can have a silica to alumina ratio of
at least about 30:1, for example at least about 50:1 or at least about 65:1.

[0052] The dewaxing catalyst can also typically include a metal hydrogenation
component, such as a Group VIII metal. Suitable Group VIII metals can include Pt, Pd,
Ni, or combinations thereof. The dewaxing catalyst can include at least about 0.1 wt%
of the Group VIII metal(s), for example at least about 0.3 wt%, at least about 0.5 wt%, at
least about 1.0 wt%, at least about 2.5 wt%, or at least about 5.0 wt%. Additionally or
alternately, the dewaxing catalyst can include about 10.0 wt% or less of the Group VIII
metal(s), for example about 5.0 wt% or less, about 2.5 wt% or less, about 1.5 wt% or
less, or about 1.0 wt% or less.

[0053] In some embodiments, the dewaxing catalyst can include as an additional
hydrogenation component at least one Group VIB metal, such as W and/or Mo. Such
Group VIB metals can typically be used in conjunction with the at least one Group VIII
metal, such as Ni and/or Co. An example of such an embodiment could be a dewaxing
catalyst that includes NiW, NiMo, or NiMoW. When present, the dewaxing catalyst can
include at least about 0.5 wt% of the Group VIB metal(s), for example at least about 1.0
wt%, at least about 2.5 wt%, or at least about 5.0 wt%. Additionally or alternately, the
dewaxing catalyst can include about 20.0 wt% or less of the Group VIB metal(s), for
example about 15.0 wt% or less, about 10.0 wt% or less, about 5.0 wt% or less, or about
1.0 wt% or less. Where the dewaxing catalyst contains only Group VIII metals,

however, Pt and/or Pd is(are) the preferred Group VIII metal(s).
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Distillate Product Properties

[0054] Typical mineral distillate feeds suitable for conversion into a diesel fuel
product can have initial cloud points of at least about 15°F (about -9°C), for example
from about 25°F (about -4°C) to about 50°F (about 10°C). However, some types of
waxy heavy atmospheric gas oils can have cloud points up to about 70°F (about 21°C),
for example up to about 60°F (about 16°C). Similarly, the initial cloud point of typical
biocomponent feeds can be up to about 70°F (about 21°C). In various embodiments, a
product from the dewaxing stage can be a distillate product that can be characterized by
at least one cold flow property, such as a pour point, a cloud point, or a cold filter
plugging point. When a diesel fuel product is produced by the above methods, the diesel
product can advantageously have a cloud point at least about 5°C lower than the cloud
point of the feed into the dewaxing stage, for example at least about 10°C lower, at least
about 20°C lower, at least about 30°C lower, or at least about 40°C lower. Additionally
or alternately, the cloud point of the dewaxed product can be about -5°C or less, for
example about -10°C or less, about -15°C or less, or about -20°C or less. Further
additionally or alternately, the cloud point of the dewaxed feed can be at least about
-35°C, for example at least about -30°C or at least about -25°C. Still further additionally
or alternately, the product from the dewaxing stage can have at least one cold flow
property that is at least about 10°C lower than the corresponding property of the

feedstock, for example at least about 20°C lower or at least about 30°C lower.

Additional Embodiments

[0055] Additionally or alternately, the invention can include one or more of the
following embodiments.

[0056] Embodiment 1. A method for making a diesel fuel product, comprising:
contacting a feedstock with a hydrotreating catalyst under effective hydrotreating
conditions in a hydrotreatment reactor that includes a continuous gas phase to make a
hydrotreated effluent; separating the hydrotreated effluent into at least a hydrotreated
liquid product and a gas-phase product, the hydrotreated liquid product having a cloud
point, the gas-phase product including H, and H,S; mixing the hydrotreated liquid
product with a hydrogen-containing stream and at least a portion of the gas-phase
product to produce a hydrotreated dewaxing input stream, the hydrotreated dewaxing

input stream having an H,S content corresponding to at least about 0.1 mol% of a total
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gas content in the hydrotreated dewaxing input stream; and contacting the hydrotreated
dewaxing input stream with a dewaxing catalyst under effective catalytic dewaxing
conditions in a liquid-continuous reactor to form a dewaxed effluent that includes a
dewaxed distillate product, the dewaxed effluent having a cold flow property that is at
least about 9°F (about 5°C) less than a corresponding cold flow property of the
feedstock, the cold flow property comprising one or more of a cloud point, a pour point,
and a cold filter plugging point.

[0057] Embodiment 2. The method of embodiment 1, wherein the dewaxed
effluent has a second aromatics content of at least about 50% of a first aromatics content
of the hydrotreated effluent.

[0058] Embodiment 3. A method for making a diesel fuel product, comprising:
providing a feedstock having a cloud point of at least about 15°F (about -4°C) and
having a first aromatics content; contacting the feedstock with a hydrotreating catalyst
under effective hydrotreating conditions in a hydrotreatment reactor that includes a
continuous gas phase to make a hydrotreated effluent; separating the hydrotreated
effluent into at least a hydrotreated liquid product and a gas phase product, the gas phase
product including H, and H,S; mixing the hydrotreated liquid product with a hydrogen
containing stream and the gas phase product to form a hydrotreated dewaxing input
stream; and contacting the hydrotreated dewaxing input stream with a dewaxing catalyst
under effective catalytic dewaxing conditions in a liquid-continuous reactor to form a
dewaxed eftluent including a dewaxed distillate product, the dewaxed eftluent having a
second aromatics content that is at least about 50% of the first aromatics content, and the
dewaxed eftluent also having a cloud point at least about 9°F (5°C) lower than the cloud
point of the feedstock.

[0059] Embodiment 4. The method of any one of the previous embodiments,
wherein the mixing comprises adjusting a ratio of the hydrogen-containing stream and
the at least a portion of the gas-phase product to reduce the hydrogen consumption in the
liquid-continuous reactor to about 20 Nm*/m® or less.

[0060] Embodiment 5. The method of any one of the previous embodiments,
wherein at least a portion of the dewaxed effluent from the liquid-continuous reactor is
recycled by mixing it with the hydrotreated liquid product prior to said mixing with the

hydrogen-containing stream.
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dewaxi ng experinents with the hydroprocessed distillate feed are shown in
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greater t hagvh@r&n e E@éc?igécaﬁeﬁﬂ}éc&eiwgﬁné Q?ntdm%ng fn@fﬁﬁg? te%g{aﬁggﬁorg%gwtr ements.
S p s romthe hydrotr

This illustrates how using a gaseous~ sl ream eating
producti on $e@ar(aiouo2o0sCagabadanSOE (bemedIXCala total presdure ifiog abhet 280 psipt  of

vt omen, CORRUE: NG 8P a8, L9850 PREC SR SR e o
woul d reducértiebarroant’ of product recycle required. - 26 - Table 2
[0064] Embodiment 9. The method of any one of the previous embodiments,
wherein effective hydrotreating conditions include a temperature from about S00°F
(about 260°C) to about 800°F (about 425°C), a total pressure from about 200 psig (about
1.4 MPag) to about 3000 psig (about 20.7 MPag), an LHSV from about 0.2 hr'' to about
15 hr', and a hydrogen treat gas rate from about 500 scf/bbl (about 85 Nm’/m’) to about
10000 sct/bbl (about 1700 Nm*/m”).
[0065] Embodiment 10. The method of any one of the previous embodiments,
wherein the dewaxing catalyst comprises a molecular sieve and a supported metal, the
molecular sieve comprising ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48§, or a
combination thereof.
[0066] Embodiment 11. The method of embodiment 10, wherein the molecular
sieve is ZSM-23, ZSM-48, ZSM-5, or a combination thereof.
[0067] Embodiment 12. The method of any one of the previous embodiments,
further comprising: separating the hydrotreated effluent into at least a hydrotreated
liquid product and two gas-phase products, the gas-phase products each including at least
H, and H,S; providing a first gas-phase product for mixing with the hydrotreated liquid
product; recovering hydrogen from a second gas-phase product; and recycling the

recovered hydrogen.
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[0068] Embodiment 13. The method of any one of the previous embodiments,
wherein the hydrotreated dewaxing input stream has an H,S content of at least about 0.5
mol% of the total gas in the hydrotreated dewaxing input stream.

[0069] Embodiment 14. The method of any one of embodiments 2-13, wherein the

second aromatics content is at least about 65% of the first aromatics content.

Example of a Reaction System

[0070] A reaction system suitable for carrying out the above processes is shown
schematically in Figure 1. In Figure 1, a hydrocarbon feedstock 110 is introduced into a
first hydrotreatment reactor 120. A hydrogen treat gas stream 115 is also introduced into
hydrotreatment reactor 120. Optionally, the hydrogen treat gas stream 115 can include a
portion of recycled hydrogen gas stream 152. The hydrocarbon feedstock is exposed to
hydrotreating conditions in first hydrotreatment reactor 120 in the presence of one or
more catalyst beds that contain hydrotreating catalyst. The hydrotreatment can reduce
the sulfur content of the treated feedstock to about 500 ppm by weight or less, or about
50 wppm or less, or about 10 wppm or less.

[0071] The hydrotreated feedstock 118 optionally flows from hydrotreatment
reactor 110 into a separation stage 125, where gas phase products are separated from
liquid phase products. Separation stage 125 is shown as a single element, but stage 125
can represent multiple devices that perform the function of a separation stage. In the
embodiment shown in FIG. 1, separation stage 125 produces a hydrotreated liquid stream
128, an optional gaseous slip stream 132, and a gaseous stream 122 for recycling. The
stream 122 for recycling is passed to a purification stage 155. This can include, for
example, an amine scrubber to remove contaminants from the stream. The stream can
then be added to the hydrogen loop of the refinery. Alternatively, the embodiment
shown in FIG. 1 shows the output 152 from purification stage 155 being used as part of
the hydrogen for hydrotreatment reactor 120. Optionally, the output 152 from the
purification stage 155 can be compressed (not shown) before being added to the refinery
hydrogen loop and/or to another process.

[0072] The hydrotreated liquid stream 128 from the separation stage is then passed
to the liquid-continuous dewaxing reactor 140. Prior to entering reactor 140, the
hydrotreated liquid stream 128 can be saturated or partially saturated with hydrogen.
This can be accomplished, for example, by adding a hydrogen stream 142 to
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hydrotreated liquid stream 128 and then mixing the streams in static mixer 165. An
optional slip stream 132 from the separation stage 125 can also be added to the stream
that enter static mixer 165. Optionally, the liquid may be flashed after leaving the static
mixer to remove excess gas. Alternatively, excess gas in the liquid leaving the static
mixer may be vented directly from reactor 140.

[0073] After mixing to generate a saturated or partially saturated hydrotreated
liquid stream 128, the hydrotreated liquid stream enters reactor 140. The hydrotreated
liquid stream can be combined with a liquid recycle stream 178 prior to mixing with
gaseous streams 132 and 142. The liquid-continuous dewaxing reactor 140 dewaxes
feed and generates a diesel product stream 148. Liquid recycle stream 178 can be drawn
off from diesel product stream 148. Optionally, reactor 140 can also include a portion of
hydrodesulfurization catalyst.

[0074] FIG. 2 schematically shows another option for introducing hydrogen into a
liquid-continuous reactor. In FIG. 2, two mixers 275 are shown for mixing hydrogen
with a liquid. Side streams of liquid 273 are removed from reactor 240 and introduced
into mixers 275. The mixers saturate liquid with hydrogen from hydrogen stream 272.
The saturated liquid 274 is then returned to the reactor 240. It may also be possible to
saturate liquid within the reactor within hydrogen without having to withdraw (and

reinject) any liquid material from the reactor.

Example 1

[0075] The following is a prophetic example. A heavy atmospheric gas oil is
selected as a feedstock. The feedstock has a boiling range from about 225°C to about
440°C. The cloud point of the feedstock is about -4°C. The sulfur content of the feed is
about 4000 wppm. The feed is hydrotreated in a trickle-bed reactor under effective
hydrotreating conditions. The catalyst includes nickel and molybdenum on an alumina
support. The hydrotreated effluent is then separated into a liquid stream, a gas phase
stream for recapture of recycled hydrogen, and a side stream containing hydrogen and
H,S. The sulfur content of the hydrotreated liquid stream is about 10 wppm.

[0076] The hydrotreated liquid stream and a make-up hydrogen stream are mixed
in a static mixer to dissolve hydrogen in the liquid stream to approximately the solubility
limit. A recycled product stream from the liquid-continuous reactor is also mixed with

the hydrotreated liquid stream in about a 1:1 ratio, to increase the amount of hydrogen
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relative to the expected consumption of the feed. The (physically, not chemically)
saturated liquid stream then enters a liquid-continuous reactor containing a dewaxing
catalyst. The dewaxing catalyst includes alumina-bound ZSM-48 with about 0.6 wt% Pt.
The saturated liquid stream is dewaxed under effective dewaxing conditions to produce a
diesel fuel product having a cloud point of about -40°C. The hydrogen consumption in
the stage is about 300 scf/bbl (about 51 Nm*/m’).

[0077] During processing, a decision is made to reduce the hydrogen consumption
in the liquid-continuous reactor. A portion of the side stream containing H, and H»S is
added to the make-up hydrogen used for saturating the streams. Introduction of the H,S
reduces the hydrogen consumption in the liquid-continuous reactor to about 50 sct/bbl
(about 9 Nm®/m®). Because the hydrogen consumption is reduced, there becomes no
need to recycle liquid product, thereby increasing the efficiency of the dewaxing catalyst.

The cloud point of the resulting liquid product is about -30°C.

Example 2

[0078] Three experiments were conducted to investigate dewaxing of a
hydroprocessed distillate in a trickle-bed unit. The following examples are provided to
illustrate the impact of H,S on aromatics saturation and hydrogen consumption. While
the experiments in Example 2 were conducted in trickle-bed reactors, the same
relationship between H,S and hydrogen consumption is expected to exist in liquid-
continuous reactors.

[0079] In this example, dewaxing was performed on two types of feeds. Column A
of Table 1 shows the properties of a hydroprocessed distillate feed. The feed in Column
A has a relatively low content of both sulfur and nitrogen. The aromatic saturation
occurring for this feed during dewaxing can be used as a baseline for comparison
purposes.

[0080] Column B of Table 1 shows the properties of a feed that includes
contaminants in the form of sulfur and nitrogen. In order to simulate the effect of using a
slip stream of product gas from the hydroprocessing unit as treat gas to the dewaxing
zone, the hydroprocessed feed shown in Column A was spiked with dimethyl disulfide
(DMDS) and tributyl amine (TBA). After spiking, the liquid product was found, as
shown in Table 1 column B, to have about 1.86 wt% sulfur and about 580 wppm

nitrogen. To ensure that the DMDS and TBA were fully decomposed to H,S and NHj3,
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respectively, before the feed contacted the dewaxing catalyst, an additional reactor was
added upstream of the dewaxing reactor for spiking agent decomposition. This reactor
contained pre-sulfided NiMo/Al, O3 hydrotreating catalyst and operated at about 600°F
(about 316°C). Measurements of liquid product collected after this additional reactor
confirmed substantially complete decomposition of the spiking agents. Based on this
essentially complete decomposition, the treat gas entering the dewaxing reactor was
calculated to contain about 1.9 mol% H,S and about 0.2 mol% NHs. The addition of a
small amount of relatively volatile compounds is also reflected in the distillation profile
of the spiked feed. Otherwise, the hydroprocessed distillate and the spiked
hydroprocessed distillate had comparable properties.

[0081] A hydroprocessed distillate material having the properties shown in column
A of Table 1 was dewaxed at an LHSV of about 10 hr”' over an alumina-bound ~0.6 wt%
Pt/ZSM-48 dewaxing catalyst at about 2150 psig (about 14.8 MPag) total pressure and at
a treat gas rate of about 3360 scf/bbl (about 570 Nm®/m’). The treat gas in these
experiments was ~100% hydrogen. As noted in Table 1, the hydroprocessed distillate

contained about 3.5 wppm sulfur and had a total aromatics content of about 17.0%.

Table 1
Hydroprocessed Spiked Hydroprocessed
Distillate (Column A) Distillate (Column B)

API Gravity [degrees] 40.4 39.5
Cloud Point[°C] -3.6 -3.6
Sulfur [wppm] 35 18600
Nitrogen [wppm] <0.2 580
Simulated Distillation [°F (°C)]

0.5% Off 295 (146) 218 (103)

5% 352 (178) 352 (178)

10% 380 (193) 381 (194)

20% 417 214) 418 (214)

50% 493 (256) 493 (256)

80% 600 (316) 601 (316)

90% 655 (346) 657 (347)

95% 689 (365) 693 (367)

99.5% 763 (406) 766 (408)
Aromatics [wt%]

1-ring 15.5%

2-ring 1.3%

3-ring 0.1%

Total 17.0%
Cetane Number (by NMR) 57.5
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[0082] Results of two dewaxing experiments with the hydroprocessed distillate
feed are shown in Table 2. In the second experiment, a higher dewaxing temperature
was used, leading to a greater reduction in the cloud point. The cloud point of the
distillate in both experiments was reduced by over 5°C and over 95% of the aromatics in
the feed were saturated. Note that no value for 3-ring aromatics is reported, as the
amount present was much less than 0.1 wt% and/or was below the detection limit.
Hydrogen consumption in both experiments was measured to be about 331 sct/bbl (about
56 Nm’/m’).

[0083] Results of the dewaxing experiment using the spiked feedstock are also
shown in Table 2. The dewaxing catalyst was the same as that used in the prior
experiments and was operated at the same overall treat gas rate and pressure. Liquid
hourly space velocity over the dewaxing catalyst was about 15 hr'. A higher dewaxing
temperature was used in order to achieve a desired cloud point reduction of about 5°C.
[0084] As Table 2 shows, aromatics content was only slightly reduced in this case
to about 12.8%, representing a total aromatics conversion of only about 25%. Hydrogen
consumption was measured to be about 171 scf/bbl (about 29 Nm*/m®). However, a
portion of this hydrogen consumption corresponds to hydrogen consumed in the
additional reactor that decomposed the DMDS and TBA. When the hydrogen
consumption value is corrected for the hydrogen consumed to decompose the spiking
agents, the true hydrogen consumption of the dewaxing process dropped to about 107
scf/bbl (about 18 Nm?*/m?). This represents greater than a two thirds reduction in the
process hydrogen requirements. This illustrates how using a gaseous slip stream from
the hydrotreating production separation stage can be beneficial in reducing the amount of
hydrogen consumed during a dewaxing stage. In a reaction environment having a
continuous liquid phase, this type of reduction in hydrogen consumption would reduce

the amount of product recycle required.
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- 27 - CLAIMs: 1. A nethod for nmaking a diesel fuel product, conprising:
Table 2
Dewaxed Dewaxed Dewaxed Spiked
Hydroprocessed Hydroprocessed | Hydroprocessed
Distillate (Run 1) | Distillate (Run 2) Distillate
API Gravity [degrees] 423 423 41.3
Cloud Point[°C] -8.0 -12.2 -8.3
H, Consump. [scf/bbl (Nm*/m’)] 331 (56) 331 (56) 171 29)
Adj. H, Consump. [scf/bbl (Nm*/m’)] 331 (56) 331 (56) 107 (18)
Dewaxing Temp[°F (°C)] 595 (313) 614 (323) 740 (393)
LHSV [hr'] 10 10 15
Simulated Distillation [°F (°C)]
0.5% Off 280 (138) 268 (131) 208 (98)
5% 343 (173) 339 (171) 344 (173)
10% 369 (187) 367 (188) 373 (189)
20% 433 (223) 431 (222) 437 (225)
50% 485 (252) 484 (251) 487 (253)
80% 557 (292) 555 (291) 558 (292)
90% 649 (343) 648 (342) 649 (343)
95% 685 (363) 684 (362) 686 (363)
99.5% 755 (402) 756 (402) 761 (405)
Aromatics [wt%]
1-ring 0.5% 0.4% 12.0%
2-ring 0.1% 0.1% 0.7%
3-ring - - 0.1%
Total 0.6% 0.5% 12.8%
[0085] While the present invention has been described and illustrated by reference

to particular embodiments, those of ordinary skill in the art will appreciate that the

invention lends itself to variations not necessarily illustrated herein. For this reason,

then, reference should be made solely to the appended claims for purposes of

determining the true scope of the present invention.
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contacting the feedstock with a hydrotreating catalyst under effective
hydrotreating conditions in a hydrotreatment reactor that includes a continuous gas phase
to make a hydrotreated effluent;
separating the hydrotreated effluent into at least a hydrotreated liquid product and
a gas phase product, the gas phase product including H, and H,S;
mixing the hydrotreated liquid product with a hydrogen containing stream and the

gas phase product to form a hydrotreated dewaxing input stream; and
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hydrotreated liquid product prior to said mixing with the hydrogen-containing stream.

6. The method of any one of the previous claims, wherein at least a portion of the
dewaxed effluent from the liquid-continuous reactor is mixed with a hydrogen-

containing stream and recycled as an input stream to the liquid-continuous reactor.

7. The method of any one of the previous claims, wherein the contacting in the
liquid-continuous reactor comprises:

removing at least a portion of the hydrotreated dewaxing input stream from the
liquid-continuous reactor;

dissolving hydrogen in the removed portion; and

passing the removed portion containing the dissolved hydrogen back into the

liquid-continuous reactor.

8. The method of any one of the previous claims, wherein the effective catalytic
dewaxing conditions include a temperature from about S00°F (about 260°C) to about
750°F (about 399°C), a total pressure from about 200 psig (about 1.4 MPag) to about
2250 psig (about 15.5 MPag), and an LHSV from about 0.2 hr'' to about 15 hr',

9. The method of any one of the previous claims, wherein effective hydrotreating
conditions include a temperature from about 500°F (about 260°C) to about 800°F (about
425°C), a total pressure from about 200 psig (about 1.4 MPag) to about 3000 psig (about
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20.7 MPag), an LHSV from about 0.2 hr”' to about 15 hr™', and a hydrogen treat gas rate
from about 500 scf/bbl (about 85 Nm*/m’) to about 10000 scf/bbl (about 1700 Nm*/m°).

10.  The method of any one of the previous claims, wherein the dewaxing catalyst
comprises a molecular sieve and a supported metal, the molecular sieve comprising

ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-48, or a combination thercof.

11. The method of claim 11, wherein the molecular sieve is ZSM-23, ZSM-48,

ZSM-5, or a combination thereof.

12. The method of any one of the previous claims, further comprising:

separating the hydrotreated effluent into at least a hydrotreated liquid product and
two gas-phase products, the gas-phase products each including at least H, and H»S;

providing a first gas-phase product for mixing with the hydrotreated liquid
product;

recovering hydrogen from a second gas-phase product; and

recycling the recovered hydrogen.

13. The method of any one of the previous claims, wherein the hydrotreated
dewaxing input stream has an H,S content of at least about 0.5 mol% of the total gas in

the hydrotreated dewaxing input stream.

14, The method of any one of claims 2-13, wherein the second aromatics content is at

least about 65% of the first aromatics content.



