WO 2010/ 077352PCT/ US2009/ 006738 1 | NTEGRATED HYDROCRACKI NG AND DEWAXI NG OF
HYDROCARBONS FI ELD 10001] Thi s di scl osure provides a catal yst and a net hod
~of using such a catal yst for processing of sulfur and/or nitrogen content
feedst ocks_to produce naphtha fuels, diesel fuels and | i I il
basest ocks" OBACRERSHND 100021Hydr ocr ackjng of hydrocarggﬂﬁ¢%e Q@%g S is
often used to convert |ower val ue hydrocarbon fractions. into higher val ue
products, such as conversion of vacuumgas oil (VGO feedstocks to diesel
fuel and lubricants. Typical i.ng.re Lon , Renes can i ncl ude an
initial hydrotreatnent s 4itt—a post

hydr ot reat mnent step. After 8.1y fpl Y PRQEARBONS-an be fractionated to
separate out a desired diesel fuel and/or

| ubricant oil basestock.

[ 0003] One nethod of classifying lubricating oil basestocks is that used by
the AmericagpgPgtroleuminstitute (API). APl Goup Il basestocks have a
saturates ctontent of 90 wt % or greater, a sulfur content of not nore than
0.03 wt% and a VI greater than 80 but |ess than 120. AP C-irou. 1]
basest ocks|[@00d] t he Blasediselogyreuprorides aa satabsk $néx e dpethefap t“ﬁ‘gg\/fucihsaat

| east 120. A process schene ch.as the on t ai IS i I
sui tabl e f 63RSLIACPTHBRSBRE g%%ﬁﬂrlaTQZ%f @@&gﬁﬁ%{ﬁ%’gsﬁg‘g@%ﬁkﬁ ﬁ gﬁédz?%b Y

appropri at ﬁ%é}ﬁﬁgﬁ;&lQQQ%%lé"@ﬁfd Iu%ri:cﬁﬁﬁ%éﬂ Haketookel d of a desired product
is to use catal ytic dewaxing to nodify heavier nolecules. Unfortunately,

conventional nethods for producing | ow pour point or |ow cloud point diesel
fuel and/ OWH basestock are hindered due to differing
sensitivit e catalysts involved in the various stages. This limts
the selection of feeds which are potentially suitable

WO
2010/ 07735§R0P] US2009dmosBie of dryduesarbon fesdsiasss devefiet usr b 4 CorNET or

G oup Il or higher basestock l.n_conv i i sts
used for ¢ eV o POCEIRE TRy P Sl i e S PRERER, et bRt o
have a el g 1)ehymnkah d0leOU)C fedddlocko b adisrnh] sanch hetsicantsf urTypical
nitrogen. By contrasSt, catalysts for catal ytic dewaxi nqci; usual ly suffer from

a | ow t ol ehpdroerdcking: ocecsionnsaiiemes| eamp aralidlagr initplnhxinegeaindltly¥PR #hat
are selective for producing high,yi,elds,of diese j i hi gh
U1 S he o hydimaraskie sigarids pEtERafGuRrr NEn T § iED theBk o, (it N1 O

typically Beﬂ iR RGPSoAdYE tE)Oseg)QPat@er”é Rbiréd!|diédel andl andfort lubgemtpogsent
in a feed. contamnants are present, the activity, distillate

sel ecti vi t paggtdbckubricating oil yield of the dewaxing catalyst will be
reduced. [00051To accommpdate the differing tol erances of the catalysts, a

catal ytic dewaxing step ig?gifoigﬁlgs i RbEafd @ S BLELBUAILRaP G8EP bY

steps. In i on Y8° 1Y ere or the catalytic
dewaxing, (i Rnﬁ:ﬁ%ﬁ‘@g%%ﬂ B8 APIR AN Gasip iltbasestaid liaveianmmumatesi ent
as it dictates the order of steps in the hydr otpr ocessi ng se(%lenge.

content of 90 wt % or greater, a sulfur content of not more than 0. wt% and a

VI greater than 80 but less than 120. APl Group I1I basestocks are the same as

Group I basestocks except that the VI is at least 120. A process scheme such as

the one detailed above is typically suitable for production of Group II and Group

I11 basestocks from an appropriate feed.

[0004] One way to improve the yield of a desired product is to use catalytic
dewaxing to modify heavier molecules. Unfortunately, conventional methods for
producing low pour point or low cloud point diesel fuel and/or lubricant oil
basestock are hindered due to differing sensitivities for the catalysts involved in

the various stages. This limits the selection of feeds which are potentially suitable



SUMVARY 100061l n an enbodi ment, a nethod is provided for producing a
napht ha fuel, a diesel fuel, and a | ubricant basestock, including:
contacting a hydrotreated feedstock and a hydrogen containing gas with a
hydr ocr acki st under effective hydrocracki ng copgii-i produce
a hydrocrac eﬂ)‘i@?;’%ent, cascadi ng the entire hydrocr acEnghg@P??ﬁgﬁs,

W t hout separation, to a catalytic dewaxing stage, and dewaxing the entire
hydr ocracked ef fluent under effective catal ytic dewaxi ng conditions,
wherein the,  conbined total, sul fyr .in |iquid-and ' t ot he
dewaxi ng stREe'SF<NgIRERG @Wéﬁegdaﬁseﬂnﬂﬂ% Qé?%?lac%))? Orgg?‘%ﬁ?g%ﬁ{ot% gse In
hydr ot r eat glm C lise WRBT hfdlvshe yedr geF aglkei Ngdegiratessing naldudes a
zeolite Y Etg)gfé/ catagl ég(?f,%%n%’ wher el n }%She dewaxi ng catal yst includes at

| east one rorirceatking naf ¢k aihifdictiensoberalhave0a mehasivelyt igh gelesancgolfon e, at
| east one WO 2010/ 077352PCT/ US2009/ Q06738 Go VI11l metal.. and,at | east
one | ow surdOREUNIRARE Syl 4P %&IIJ eOr PP o}g\y’ ’ﬁgﬁé]; Cet%]@ﬁgf] for gﬁta&ﬁ{fr her
enbodi ment, | ' A L8 GoA cBafakiRant Vel patidursel
fuel, and adel%vuagﬁﬁgl%t‘dl@agﬁe@%@ogﬁgl ia(r)llgl“%(lggxg@bgoﬁt gcti ng a hydrotreated

f eedst ock ahsvaxidy ditalgen thenirei seisvgvedsr piddacimghhidh ouelds kf dipscherd high under

ef fective hydrocracki n§ conditions to produce a h dr.ocrfic ed effl.uetnt,
wher ei n priyelds @nd héigh Yhdela pihgnd pepintendeddpapGErit PRI 98 FYAFSEFELL i ng
step is fed to at |east qne.hj PniERRh A Bsdifgn gaseous
portion of 3{%8}’9{%}#}6{1%%?% l@?‘?:{]%@%%gﬁdg% ?ﬁgﬂmﬁd&épgrtﬁﬁgn%fsthen

hydr ot r eat ede@f ffl de@Biminwh@ré Prdsat, e adtivityy disatlamcdebattieftylandrtibiisating
cascaded, without separation, to a catalytic dewaxing stage, and dewaxing
the entire diyyielscofatbr dgwaking aalysinuidy befedaeed.ve catal ytic dewaxi ng
conditions, wherein the conbined total sulfur in liquid and gaseous forns
fed to the Xi ng-st [ : nehe kA Mts 04 catalftier on

t he hydr ot rlgg‘?@d fee s%%ggbjg%c%li‘gﬁe\?\glef?%?% t'ébgée}gl?1{/6§rocrg{cki ng ?:at al ys}{t

i ncl udes a g@eakidgestyp baseadn cagrbytt, framdtirrehgiroptduessiegvatepng Lo additiost
includes at |east one non-deal um nated, unidinensi on%l , 10- m%\.nber ring pore
zeolite, attolregsringaseERigtfreortor famthgicatadyic deWPeags Eeer RRIONTPYELSar ea,

metal oxide, refractory bjinde I ety: PdifmeRts i@ Rt hod
i's provi dedoFY %F@Eﬁéi a r%g%%rg\%‘g&%e% Ytahaftlée}ggepﬁ?ugla,g and ab? ubr i cant
basest ock, Hyagdpigéé@g;ngcs@gﬁ@,cdei, ng a hydrotreated feedstock and a hydrogen
containing gas with a hydrocracking catal yst under effective hydrocracking

conditions to produce a hydrocracked effluent, cascading the entire

hydr ocr ackegefiArgnt, W thout separation, to a catalytic dewaxing stage,
and dewaxi ng thé entire hydrocracked effluent under effective catalytic
dewaxi ng conditions, wherein the conmbined total sulfur in liquid a

d
gaseous forlfi@0Gled t b amembediansiige sreiped jsprgrisigd dpr Pm‘fcmﬂ?ﬂ;‘rﬁ‘%g"%i ght

f sul f th ted. i s wuberein & '
catalyst i dofads T, 8h0 7B iR R e HhES Aot L XOURRIGRA NO
catal yst WQRELY BT I5BPEDLEIS2Ni00G7 38 4vith anieydrdemcking| eststysoneder

non- deal um nat ed, uni di nensional, 10-nenber ring pore zeolite and | east

f
one Group ‘ffertinehpdrocrabon conditipny toyprodnee e Hiy/ %%@%ﬁdr%ﬂv?macwa% i s

i ded f dyci ha_f uel,. ' | i
bsest ock. e Braaigroke AR ghd, Withop et e, 19T ot Spihg SaRE
cont ai ni ng ;88 %leWakhAthRWA1iOS hagkichrked eyt unddeeffedthect algtibyidnagingcki ng

conditions to produce a hydrocracked effluent, wherein prior to the

cont act i ng cehdifipns,heherfein thencorhbimedttntal Isylfunin avidnepdsgessops foraes fod @t

| east one hj gh pressure separator to se te the gasepus p i.on_of. the
hydr ot reatg&e éileﬂaﬁféqﬁ S?ar m't H?’ée‘ftfjﬁdﬁan pg(qua(?ﬁnbf %%‘éelﬁ%ro& ?Je]g‘{regnei | uent,
wher ei n t hgygpiidhe S RESAC hasis ehihdtent the ascadadng Wddigut isenasatl on,
to a catal ylyl c dewaxi ng stage, and dewaxing the entire hydrocracked

ef fl uent unddliteeY foastd vatabat,aingt whertawtha dey mdngicatabyss inclhdeseatnleasteone
conmbined total sulfur in liquid and, gaseous, forns fed to the dewaxi st age
is greater nﬁﬂﬁa&%@aﬁ?ﬂm“&‘/‘%\?@rﬁ’rﬂn%f ?@ﬁ‘i‘?rﬂ?eroﬁmghgorﬁya?%{t?’e&tjgaasfe st ock
basi s, wherein the hydrocracking catal yst includes a zeolite Y based

catal yst, and wherein the dewaxi ng catal yst includes at |east one

non- deal um nat ed, uni di mensi onal, 10-nenber ring pore zeolite, and at |east
one Group VIII netal. BRIEF DESCRI PTION OF THE DRAW NGS [ 00101Figure 1 is a
pl ot of total l|iquid product (TLP) pour point versus 650 F+ conversion.
[O0O11]Figure 2 is a plot of distillate yield versus 650 F+ conversion.



[0012] Figure 3 is a plot of naphtha yield versus 650 F+ conversion.
[00131Figure 4 is a plot of |ube pour point versus 700 F+ conversion.
©10014] Figure 5(a) shows a prior art systemfor producing a dewaxed
distillate fuel and a | ubricant basestock and shoms a
Tirrect - woETe k7572352F>cT/u52009/0067333.5 cascade” proggg’ggzg’n%&"g)” nt

the present disclosure for producing a dewaxed distillate / diesel fuel and
a Iubricant basest ock. [0015] Figure 6 shows an "interstage high pressure

separat i on roc di of .the presen i o] inhg a
dewaxed di & ?zﬁ/ mg? g %‘?r?faﬁléfzasén?fle Pvﬁbﬁuiré?ﬁgtasfg%s%lsé 3 iﬂaﬁwﬁw
DESCRI PTI O};],B&QlG] Al nunerical values within the detailed description and
the clainms herein are nodified by "about" or "approximately" the indicated

val ue, and take into account experinental error and variations that would
be expect ed0®7la pefrsan Mmthargembddmmly akmethodnist peovidad ey, predusig @017] 1 n

mbodj ded f t
basest ocks MRATBr by G ik anghp dube et (Pior i dRePRAlGh: ha?ﬁ%%tg?%'eéa”
catal ytic %ﬁﬁ@dﬂé&@bcpffeéd@ﬁ)cf(e%’d 'an hdRsYeh ESMhPIETRAL . whAhSS Ukyd2b¥iat Rif is

one in which the total conbined sulfur levels in I'itquid and gaseous orns
i s greater chtayst 108kr mffachyemhyc@bbraohlrlgheom@ddﬁm rte apredute ed ydracradestds .

Cat al yt d th t discl f

v of sone LT oRberpipaBl 14 By o pamecs i e SEavanyroe Heasr e
hydr oi Som@{e@% [Tl d 4t 18as? Bfié hfgh\’]'}nregﬁﬁ‘g@ a%tfoﬂ&seiﬁye&é He e8NS PG ofhe
nunber and types o Iinftia ractlo s avail abl e for processi fgﬁcan be

expanded dtige hgdtdireateal effarne ffan manhqmdnmrnsmcnf th@ehgléw@ﬁawgl effbent, The
overal |l cost of the process, shoul d | ower, as tae r’r&‘r‘llt orm

dewaxi ng i WherdBuheesire Jhisptragked e f@%ﬁ%és toﬁécaéla ‘F’o{(’ a
processi ng Cat-gpﬁ cyh&!vgmh gé'ég(;ear?gn?é\génxsx%ftﬁ hﬁ?@h&%orﬂ@@%h@ﬂt FRderbe

i mproved, e proces e selfected to neet desired
speci fi cat effastiveasatpans ﬂéwbﬁmgeb@mdltmgs,cwhdnein dhs comtaned dotahe;uaiaposur e of

t he dewaxing catal yst to contanminants, The VI of .the |ub rgéél on %‘ay al so
be i ncr easbauidmnhEasgous hames feselo Picededvaring Fage ik Rragter than d

the pour  an o SR R LR R ke ‘h‘é”@%‘é‘a&%‘é‘%%

100181The tavdBRt iidudisos ©88lilenYobased dabglystsand fwl@erdmvmel dgvomanglopslyst

sui tabl e
includes at least one non-dealuminated, unidimensional, 10-member ring pore

zeolite, at least one Group VIII metal, and at least one low surface area, metal

oxide, refractory binder.

[0008] In yet another embodiment, a method is provided for producing a
naphtha fuel, a diesel fuel, and a lubricant basestock, including: contacting a
hydrotreated feedstock and a hydrogen containing gas with a hydrocracking
catalyst under effective hydrocracking conditions to produce a hydrocracked
effluent, cascading the entire hydrocracked effluent, without separation, to a
catalytic dewaxing stage, and dewaxing the entire hydrocracked effluent under
effective catalytic dewaxing conditions, wherein the combined total sulfur in
liquid and gaseous forms fed to the dewaxing stage is greater than 1000 ppm by
weight of sulfur on the hydrotreated feedstock basis, wherein the hydrocracking

catalyst includes a zeolite Y based catalyst, and wherein the dewaxing catalyst



for use in a sour environment while mnimzing conversion of higher boiling
nol ecul es to naphtha and ot her |ess val uabl e species. The dewaxi ng cat al yst
is used as part of an integrated process including an initial

hydr ot r eat e feed, hydrocracking of the hydrot

dewaxi ng oga?%ggéy%?uent from t he hydragr.acki ng, and anﬁggP?%%gﬁﬁﬁ?nal

hydr ot reat ment. Because the dewaxi ng catalyst is capable of tolerating a
sour environnent, all of the above steps can be included in a single

reactor, thus agvoiding the need for .cqostly .additi I d her
qui prent  1BFUAEY RbrFAhGHERRa: At agvaey prBibeeioly 10TARE0H (B g
catal ysts %Sﬂte%(a%%ééﬁoé@dr&?p WIMEREGLPN provide an activity advantage
rel ative to conventional dewaxing catalysts in the presence of sulfur

feeds. In the context of dewaxing, a sulfur feed can repregent a feed
cont ai ni ng [8009east I 6fll ppnarnthersimbediorent @ methodds peavifediier Prodecipgs by

i ght of I , t.l 000 b i ght : : t
4000 ppm byranbitg (b & irseirtoct, gk EPRbGaslcb SR, s dibe RomBrongi
The feed a ldPé(tgéaQ&prfe&g%djg )ﬁ;é&l{)@ R0 deRC bolindi e ataer withan Hyd¥oOrapkimgby

wei ght of s ur or nore, or 5,000 ppm by weight of sulfur or nore, or

15, 000 ppmdajalyei giderofffentiveuhydiocrasking kcangisionarfot pradugertd divideenrackede

sul fur may be present in the gas only, the |jquig onl r . t he
present di séfleeity wheraie PEIOE | C?‘ét@éfnsg stFR. G‘gquﬂga&a%oﬁh@g% (?Jt21 5?9%%%%{] ned
sul fur in1igui f b hrstt A ghsroNS pbBidResT
mllion (pﬁ#ﬁ% ’Bgeﬁlgold%tﬂt@g%r?%%hﬁégmg‘g;rs%??tga ggﬁmgésl?lo%tﬁ ba%i s. [00201Thi's
advant age igge ashir@veted it ubemothealigaidapysioncofphd diydrptecatl elilusat, ring
pore, one-di nensional zeolite in comhinati.on Wl'%%{é a I.ﬁjwélzurfac area et al
oxi de refr achesein tiengrtire bydracekethicEhuet ds capeadedy WHBhSEPAER fh % ati o
of m cropore, surface area t : > AadeldVv. nt had&eol ite
has a | ow sciafq?%téc ?8“’31‘ 0 '%gg?’aﬁ(gbe\%ﬁékgg%%nﬁgcc ta(l?‘{sst fuﬁf%lgr i ncl udes a
netal WO 2040404 70%533?1@ 1dd52Q09 QOATiIE8NT, MhdragethatdambihedctotadrsulBucin as a
Goup VIIl metal, preferably a Goup VIII noble netal. Prefg([@gl %he
dewaxi ng caiaiig snd igesepusrferms et HitafeWAKIRG FHEF 1F iBRerFothan Il?}gf’, Ysuch
as ZSM 48 or .ZSM23.,.100211The,ex ar '

surface ar é’ée’égtfg S‘Elguro%jﬂWaBy%ﬁon%ﬁ{aerﬁ ?gf: %ér{{)(fil?%gs@h\gﬁ%%%}gItﬁégﬁ)r’(gpggfea%gfrﬁegg of a
catal yst. Uagﬁfst%&lhae@ 205 RA%e AT Basdl AthBEEhindasheretm tiandewskimgotatalyst ogen
porosinmetry data using the BET nethod for surface are% measur enent. (See,
for exanpl éncladdémabrgaskdael non-dgguminatgd.apnidimonsignal, (99“?8‘)“%?1' THEe RPE opore
surface area Qef ers to surfaqc;,e ar\(;@jdu? ito t he uni di mensi onal pores of the
zeolite inZeABCHa0RRT 19SIOMEAPYIP Vo Y he zeolite in a catalyst will
contribute to this portion of the surface area. The external surface area
can be due to either zeglite ar hinder athicn a catal yst. Feedstocks
100221A wi ded¥ghgéeof 6 F-atfe- et ¢ f eedst ocks can be

hydr oprocessed in accordance with the present invention. Suitable

feedst ocks jpppude whake 1384 pﬂlS@b‘Pﬁ)@alﬂﬁ}uﬁ@bmﬁﬂcc (TR powt paispheasic6 507
ua,

vacuum r esi propahe deasphalted residua, e.g., brightstock, cycle oils,
FCC tower It ¢@rsigas oils, including atnospheric and vacuum gas oils and

coker gas oils, light to heavy distillates including raw virgin

distillates, hydrocrackates, hydrotreated. oils, d i . 5| ack waxes,
Fi scher-Tr dB% waxEEUTE &f1f Pﬁé%tég?&lﬁﬁgﬂtﬁ#@%P’S@u%gg\ﬁ]gge&h{é elro?lal s. Typi cal
feeds woul d include, for exanple, vacuumgas oils boiling up to about 593C
(about 110 nd u il i §usBHIC Hoc@bewio®00C (about
660F to abg@lg%F) %ﬁ%%gilag%&?f;ﬁa@g?a&ﬁgﬂﬁporti on of diesel fuel
produced is correspondingly greater. Initial hydrotreatnent of feed

[0023] The qoomsyy pHipnse ioh pltdsfdtbepvumppinsvergps ¢@07 §+ convessigee t he

sul fur, nitrogen, and aromatic content of a feed, and is not primarily

concerned with boiling poin onversion of the feed. rofreati
condi ti ons [P8tlude FWBTQOE_L@ PCW‘BSZ%BQ?@E%‘%@%I% ulinlz® 2 EWaxed

distillate / diesel fuel and a lubricant basestock and Figure 5(b) shows a “direct




tenperatures of 200C-450C or nore preferably 315-425C, pressures of 250-
5000 psig (1.8 MPa-34.6 MPa) or nore preferably 300-3000 psig (2.1 MPa-20.8
MPa), Liquid Hourly Space Velocities (LHSV) of 0.2-10 and hydrogen treat
rates of 2?%—%%‘9% scf/B (35.6 nB/nB-1781 nB1lnB) or nopErpseianadky 500-
10, 000 scf é nB% nB-1781 nB/nB). Hydsoetreating catalysts are typically
those containing Goup VIB netals (based on the Periodic Table published by
Fi sher Scientific), and non-noble Goup VIII netals, i.e., iron, cobalt and

ni ckel and m xtures thereof,. Thes t - ISR dxed
typical ly pr¥ednt p%eﬁ&?’?ﬁggmg}engﬁfftirﬁgé)géscs?ﬁf)?les rgéglt'%f:o; Ifr?r{g,\(tiL?;?IH:I%>e<li de f(gppor ts.
Sui tabl e MgiahaRX HBset ¥R NS [uBAtMADakaoaAci di ¢ oxides such as silica,
alumna or titania, preferably alum na. Preferred al um nas are porous

al um nas such as gamma or eta having average pore sizes from

i 50 to 200 A,

preferabl y[®Fo 15Bigare & shewacen aprigrsiagsmhigio HesssD SgloRr A8FE8I y 150
to 250 nR/ nd. a pore.volunme of fro : .35 to
0.8 cnB/g. %?’%Qggﬂﬁﬁoqff@e gse&t @fsgﬁ%ﬁfgy?%rﬁgogggﬁ ?a egg\%\néﬁg girsﬁglgt(rgg{ejdril%gﬂch as
fluorine ag,dihihd ;9888FMtIbysésisdkeases the acidity of the support.
[0024] Preferred netal catalysts include cobalt/ ol ybdenum (1-10% Co as
oxi de, 10-40% Mo as oxi de) nickel/nol ybdenum (1-10% Ni as oxi de, 10-40% Co
as oxi de) @EﬁA%@/ﬁE@@Rhﬁmdﬂ‘ 10% Ni as oxide, 10-40% W as oxide) on
alumna. E ' y preferred are nickel/nol ybdenum catal ysts such as
KF- 840, KF-848 or a stacked bed of KF-848 or KF-§4O and, Nebul 6%22
[0025] Al t e{0ft6]vel yAll memenjesd oratesst Wil Hicadgtatied ACsgaptio, ang the CLjims
catal yst, or a conbi i of , stacke uppo. | kndredkal

Borebie mergied Py “poSHEac SpRERtr Rl S IR kG AN ol o

catal yst. a e catal ysts are unsupported
wherein t h%te%&%ﬁt&%ﬁﬁmﬁw thot 86d SoRRidReaha0wball bd expéondd by alpessn one

G oup VIII non-noble tal and at | east one G oup VIB netal, based on the
total wei ghtvief dréimabusllicatlad 8t particles, calculated as netal oxides and
wherein the bul k catal yst particles have a surface area of at |east 10
n2/g. It ig furthernore preferred that the bulk nmetal hydrotreating

catal ysts 1 ein conprise about 50 to about 100 wt% and even WO
2010/ 077352PCT/ US2009/ 006738 9 nore preferably about 70 to about 100 wt %
of at |eas{o®mg G oupviidds araboediaidnes, repaicessnis movidsdsfor dhe pedisyoy &

nmetal, based on the total weight of the rticles,. calcul ate I

oxi des. Th@Mimuhbawt@é@ﬁd(ﬂréoynﬁoggcﬁﬁ’g%w POWoﬁl-Sﬁﬁﬁﬁee%“ﬁLst %ﬁg%%cgﬁaegasi ly
be determ ned, VI B, TEM. EDX, ..[ O 1:Bul KONMROSE IeANFORRERY isSdreg one
Group VIII Cﬁ%ﬁﬁo%ﬁ%a%ggft‘gengﬁ%?ﬁg%é%%@r%%t al's areepr e?erred. It has
been found; kaHich thd Ritsl 6@EBinet halfanlldvetaimligatd pad gasdoms farmss is greater

sintering-resistant. Thus the active surface ar of the bul k catalyst
particl es itlsmdi0Rfapped byumaight, o8, t@n@yﬁﬂftéqat?‘jgffﬁﬁé%?cqi}b(?ﬁlﬁ' Vi @at?bx]ér oup

VIT1 non-ngbl e netal ¥ bIBhef
310103, | AvRE et e PR io BCRET SH AT b PR R e o

cour se applagﬂ;t? gdﬂq)é}g;rgi sthe oBatalytied detvakirg ghélyliroitdmemzaionhan aneod oup
VIB metal is contained in the bulk catal yst particles,, the r%i.o .OL t he
di fferent Gnoumpuvel oefeed sevesalyedeanipgss. nokhee PRMbER| andThdes ool IHERAL O hen

nmore than gne Group VIl pon-noble nmetal.js i I

nol ybdenumﬁii‘ﬁao’tl%r?gi"?(%weafoé BiossEhtE acggGlr) %uepx?%ﬁ gécﬁgdtuael gb tt?ﬁetgpégné@%le

mol ybenum Eyﬁﬁﬁgﬁhé ahi e e Rimbkiepl | heidverdle cogng® thaf pihicksslsifould be
e

Preferably oup VIII non-noble netal conprises nickel and/qr cqbalt.
It is furt hewepmefthe mbdity Hatper fremGlouptivg B feseir @vmonmsas valldsABes S on of

nol ybdenum and tungsten., Preferabl. C i hat | o

ni ckel / ol Vﬂﬂ@ﬁlﬁ’ﬂtt%‘é@eﬁ’ramﬁg% t/ ﬁgl?y 1%iednfjfB t@%%s%nedrjlorar(ll(ljs tlllatef fuel
ni ckel / cobal {4 mRbYDAGNHETERARHES: Beprocading BopaRidisheisl 1 sdttced pi nattes
appear to be sinter-resistant. Thus, the active surface area of the

pr eci pi t at @eéisedscet fidatieds casropppsed & sefbesingeeenditionsetorveie thpeposHeseint  as
oxi di ¢ conpounds of the correspondin I or..if, the catal

conposi t i othehdewpEss Csaﬁﬂlf’$to‘80",°“§3lm’ﬂagISZEE@?T;/(}UQ%@%IPE? %Eacglé?r%%églﬁaibneg
metals. [0027]1L 4i Spal ed: lde Rirédsed Horemincnthe
catal ysts b‘%"ég"lﬁ?gr e}l?ﬁlaﬂgvg{egﬁgeg%lf 1(?2&‘2&?%);&2;[1@;[6% east SOyI%rQ/g and gr~|mre
preferably of at least 100 nR2/g. It is also desired that the pore size

di stribution of the bulk netal hydrotreating catal ysts be approximtely the
sanme as the one of conventional hydrotreating catalysts. Mre in

particul ar, these bulk netal hydrotreating WD 2010/ 077352PCT/ US2009/ 006738
- 10 - catalysts have preferably a pore volunme of 0.05-5 m /g, nore
preferably of 0.1-4 m /g, still nore preferably of 0.1-3 nug and nost
preferably 0.1-2 nug determ ned by nitrogen adsorption. Preferably, pores

o " o " o .



aci di c supports, such as anorphous silica alumna, cracking zeolites such
as USY, acidified alumna. Oten these acidic supports are m xed or bound
with other netal oxides such as alumina, titania or silica. 100291The

hydr ocr acky 9%0f6r09%%§s can be carried out at tenperatures®fshé@iapout 200C
to about 4 : hydrogen pressures of frém about 250 psig to about 5000 psig
(1.8 MPa to 34.6 MPa), liquid hourly space velocities of fromabout 0.2 hl
to about 10 11-' and hydrogen treat gas rates of fromabout 35.6 nB/nB to
about 1781 ,n8/nB (about 200 / ; i in
nost cases ,d’etsﬂlee"éig?ﬂ Bﬁﬁ%‘? ev&ﬁ'%f’oﬁéé‘gd/? g %gg;c?) agtg%n}sﬁgé}?edlregﬁl&&g?é%g out
300C to abgut, Aasednydrogen pressures of from about 500 psig to about 2000
psig (3.5 MPa-13.9 MPa), liquid hourly space velocities of fromabout 0.5 h

to about 2 Il and hydrogen treat gas rates of from about 2 / to
about 1068[0MIB8K8 (aberiinveRDve BEEEE MyOohtss the B & %‘pg@%zﬁﬁﬂﬂalScess

100301The product fromthe .h ragicl S . i pNto a
catal ytic was§ Hb 3 TUL FONT rgé]egn& %ﬁ{lf& krggléﬁlc&(%ltrll gcr@tn ?%ﬁgﬁ{ E?gg Ss, Qﬁgng

separ at i onpjsged@suio fshHIBA WRE bthéelehy dalmabiecipenizs arthe dewhying ccatidystxis ng
stages. Elimnation 2010/ 077352PCT/ US2009/ 006738 of the separ Elon step
has a vari esed af pednsfeauéncgrtediproresedpaluding amputgphydrotisatped i then
addi ti onal .equi nt is needed, Ln.one .for .cat al yti i t age
o e Rk o SEIR py AR R B BRI e bt

Al ternati Vﬁ%&’mcﬁ)&ﬂﬁ%‘} rﬁfak'aﬂgcl)iﬁ\[&;a%ﬁ@dly}ﬁydiodmnng_ Becasssts Ueyatiage
place in separate reactors. Elimnating the separation step al so avgl ds any
need to repatebsuisi apableeof wéetating etsout envinenraenty gl of the dRpYh&teRy §ABEFacki ng

t b i.ntained at i ng. f kb i

el ver od H610e chakely S RBop OSSR 1Y ReR] Ry GGy Sushil shivters

bet ween hygﬁ@ﬁ&%ﬁ%ﬁgnﬁgr@?&fdﬁiﬁgﬁﬁy"ﬁ%b;ﬂﬁte@';ﬁf@gé@ans that any sulfur in
the feed to e hydr

crac g step Wil still be in the effluent that is

passed fromthe hydrocracking step to the catal ytic dewaxing ste\p A
portion of [(8] or gahhie dewhking ¢atalypis yssddracerding tyile JBYeRIM REP é@eeﬁnwi |

be converted.to H2S during hydrotreatj.ng., Si.m I I in

the feed Wil Ge  SaRAREBRS BrhBreaiors EVE Y bR oR e eAeReRr O
the H2S a”ﬂrlHWféeaﬁ.ﬁeﬂa e icBBteRY Yroddveaihglda Wul fur tfead &lanviephesehe aefektiuent
to the catalytic dewaxing stage. The |l ack of a separation step also neans

that any | cghbingasasiestl 00 P byoreisht afisul g, oryatrerst 4009 pgmapy weightiof pe

t in the effluent, The total .conbi | fuyr f ti
P ooess | nwbinobryaRtoD by Srsieiy Sirpitddbes JATD bR BYNSER L 00
greater t“%“g%;ngﬁgt REYRY B9 0001 Sl b Wwedht! SHasfifug, ODR: BEvn Myd Weillen das at

| east 5, 00 y weight, or ‘at |'east” 10,000 ppm by wei ght, or at |east
20, 000 pprmytuvetarhinclute gieatee dsdn KO0OPPrppynvtejghted fowl fur Psimengeoh? H68nt

di scl osure, these suylfur vels are defined in terns, of .1 total ¢ i ned
Sl ur i prr e glsol Y e ah poTsAL0 Geimry TEREas MRl PorE
mllion (p #’m’t i tedesbrefstelas Rasy, the liquid onl
100321El i n?ér?a nllaghne\{\% a%@%ﬁ?ﬁ %ﬁﬁgﬁéﬁgeﬁqﬁen hydrgé(?rsac?}z:i ng gﬁd ca%/al ytic
dewaxi ng i 6r boah| Edr ithe pagsenbyischmusd)i theseysudfuralestelneate rdgfnwt adsythe total

mai ntain catal ytic activity . in the of  ni trogen

_ f el ted | l.
and sul f ur corabimgd il g dn 16&%”&@9&&352{‘;%2”5%3(}&*% \P/”g‘-x'?’?'gaétl%\égﬁ{% R3fts per

f eedstream t . .«a few hundred ppm By
contrast, 'Pi‘?/ PéigﬁﬁﬁR9h9\,@§§£§'gf}be§%§§ﬁ%?ﬁ%§%%‘§§7dé%$‘§g - 12 - feedstreans
containing up to 4.0 wt% of sulfur or nore can be effectively processed

usi ng the jooénti velkiataivastage isnachicwedbbylithentse ohe cajakyst comprisig gul f ur
content in liquid and gas for of t he1 %yg.ro en cBnt i ni nig1P s _and

hydr ot r eat HrmcsRbRIt ok Deken OBE ARCRyQEg! 701G flb OrgpINgiion v 0% SWHCCor at
| east 0.4 % . {.e | o8 SRt highWM %
or at Ieas%wei H\}\?@) %gﬂef ﬁe?f‘aggon e%g{%’réy Ott)lgtorgevglz%&eaé’e\ég&%sc%ég]hcgﬁ)giaAS‘%rM %et hods
D2622. [ 0033bldf micrapdrersnafacy ereantooditatent faca asdampllerhdtashy, thgzeplitedwar e
separation step without stripping my be perforned an the effluent fromthe
hydr ot r eat2 dgwr &6 ¢ almpRLFatife pr s deVvaring Q%&?’Ffegﬂ@q&fﬂg S gnmetal
enbodi nent, the high pressure separation step allows for renoval of any gas
phase sul fur and/or nitrogen contam nants in the gaseous effluent. However,
because the separation is conducted at a pressure conparable to the process
pressure for the hydrotreating or hydrocracking step, the effluent wll
still contain substantial anmounts of dissolved sulfur. For exanple, the
amount of dissolved sulfur in the formof H2S can be at |east 100 vppm or
at | east 500 vppm or at |east 1000 vppm or at |east 2000 vppm or at

| east 5000 vppm or at |east 7000 vppm [0034] Hydrogen treat gas



configured and controlled in any nunber of ways. In the direct cascade,
treat gas enters the hydrotreating reactor and can be once through or
“circul ated by conpressor from high pressure flash druns at the back end of
t he hydrocipasih@@end/ or dewaxi ng section of the unit. portkmosioepse flash
configuration, treat gas can be supplied-in parallel to both the
hydrotreating and the hydrocracki ng and/ or dewaxi ng reactor in both once

t hrough or circulation node. In circul ati on node, nake-up gas can be put
into the unjt L ‘ rESN YINi fetdl ! pRfekblyall Group wIilhe
hydr ocr aci g}yﬁlﬁ(?%}é%%i ﬁ:ah&é%rgfsﬁhg%ng.éﬁﬁlﬁc?rlgul ati 0?1 'rmde.,}at he tLEieat gas
my be scruypedmetdih Bmeforeblyotheadywaiihe camlyst abhensolimensional $0meember H2S
and NH3. I n another form t?{e treat gas_cap, be recycled w thout cleaning or
scrubbi ng. g poragatlyst, sueh aSiZqu*i*e@r’rZ%MnElrmy be  conbi ned with any

hydr ogen contai ning gas, including but not limted to H2S contai ni ng gas.
VIO 2010/ 07 15526CT/ | $52000 POGI3Bco ahch and ARIAI oS IsAblave chercdeneiing
catal ysts a{ ding to e 1nvention are zeolites that perform dewaxi ng
primarily byay §PERITha@bAging thy dstabaurbame dreedfnoelalytbridicpe spdpemirpas aife
catal ysts are zeolites with a unidinmensional . pore s{qr uct ure. B%?é%%)%g{?%
catal ysts icatsulated basadeeb apalypisPiiybess BPIOSERCIY, (R gsdng e | (or

ferrierite), ZSM 11, 7S 87 n 281 FAr ef ®if eCatal .,
mat or al s 476 So el ey (SoR el R o 8 e ot
preferred. ﬁQM@stQ@WSﬁ)zwleimﬁr@mrmfabe arSMVrfarssta swfatceangat dueatesthe ca to

alumna ratio of fromabout 20:1 to about 40:1 can sone¢)i {,ﬁn be gtef.erred to
as SSZ-32. ubidierensionebporas of it eeplith i therdevasing iRy AP 1 ERYCABR e

terials include Theta-1 NJF10, Elk13 - K7 i
embodi ment SAS it Sryubuelld APpRidtiot N SGERTSY e, papil sfhiud ous

metal hydr ogenali NdEOAaNRALeollerMEiddr wiyidnagarayston conponent i s

typically a Goup VI and/or a Goup VIII netal. Preferably, the netal

hydr ogenati on conponent is a Goup VIII noble netal. Mre preferably, the

met al hydr digedsibtltsh conponent is Pt, Pd, or a mixture thereof. [0037] The

nmet al hydrogenati on conponent nay be added to the catal yst in any

conveni ent er. chyj,gue IR0 ahfie chBhal hisbdomerat ¢am be

conponent i[% inc%ievé&n \/\r}/gitl%lyles(sﬂ.E Oé%gﬁ%(%rrpl e, after conbini nig a zeolite

and a bi ndefydréfiecessbiinestcaiaintt evitndhbiprekent davenionex Suitdele fasdeoeks al yst

particles. _‘?’hese catal yst particles can then be ex‘(‘)osed %o a sol%éjdg‘g

cont ai ni ng inclsde tvetmle ardi rsdupsd peirelspm N”Bé?’n%{m(\?g §IC ABRY AfacEE ded to

the catal yst by ion e IROFCCStoadid dttbmsagid xt ure

of zeoli tep(g;?a}/r%(gqaisflgzﬁ%ﬁggglid%gf "S?llgg}raskt%cl)(’g ?rguwél?’olr:l.CC[StOOSB.lThe arr%unt of

metal in thgsCachldiss agassprRridtandeastul, daswi o dndsmden gas atlsllight to beaat

| east 0.15 wt % or at least 0.2 wt% or at |east O.ES vvt%; or a% dnealﬁt 0.3

W% or at digilte iscludieghaawd visgin Aigiades, oGRS KMES oMYA, Y e

catal yst capn be %or.le ] I o ik L oPr 1
#W&F‘eg.o\%’ \Rfa%kowgﬁegj alis’l‘saﬁg_ne?r"l"rﬁg%% ¥akes W&ﬁ@naﬁeé’,‘ﬁa{?@ﬁuh@% 0

wt% or |es éss. " For e ment ¢ ere the nmetal is Pt,

Pd, anot hery,edA0n20%f197 78HRRaIT fé6R0GBLR0 GY38de, fbf exaGipdep vatuum rgsis| eilnet al |,
or a conbination thereof, the anount of metal is preferably from 3?,@"650 2
W% nore proshieg aplty abowsS335C1aBowk bh00SRHand espayria the &ngeef 3port 4 to

Ny e i

accordi ng t'8 Sts™w owratib of silicato

al um na. Fofi2xamfodi@H i€ SVréddhonthiyly atdagerof silica to alunina in the
zeolite cagﬁ%e Iesg t han 200: 1,68%0r Ih%ss than 110:1, or less than 100:1, or
| ess than 90:1, or less than 80:1. In preferred enbodinents, the ratio of
silica to dhitisl hadrotreatmentrofrfeed: 1 to 200:1, 60:1 to 110:1, or 70:1 to

100: 1. [0040] The dewaxi ng catal ysts useful in processes according to the

i nvention | so ihcl ' QOR; QGhiRIN $o rddiRe GlRNAN FUTQ
catal ysts 3@@%& n p?@%gggﬁ%@ﬁrﬁgﬁof{ﬁ trﬁegia}] ent oln Iz£§r,e formul ated using a
| ow sur f ace,i@bgeéh, bimidefomatid ovhient ofice fardeanki isdest pemestecosceamed nddt wit h
a surface area of 100 n2/g or less, or 80 n2/g or less, or 70 er/.lg oreless.
[0041] Al t erhoaling epgintt enkersisy ahdthenelesdol Fydrapeating| confiions, dndife, .+ o
to



provide a catalyst with a desired ratio of mcropore surface area to total
surface area. In dewaxing catal ysts used according to the invention, the

m cropore surface area corresponds to surface area fromthe unidi nensi onal
pores of zgelhi@ms7dsh the dewaxing catalyst. The total spdfaeRefREisgsponds
to the mcropore surface area plus the-gxternal surface area. Any binder
used in the catalyst will not contribute to the m cropore surface area and
will not significantly increase the total surface area of the catal yst. The

ot al | cat alGERCTRIRGROF AOOT Soror & SURARELeLI ik SRt he B e Ol
zeolite canofRkld GUs R1bLUeMIR R Hbre! SHOfEXBIONIVRL3000 hAEE2AN BiRa-20.8

Pref erably, o of mcropore surface area to total surface area for a
dewaxi ng cafpd)y$hiquil Hobty Spaed Vebowtiey(lddB¥) of Hh2r 19595 angyydrogen treat

mui 1 ng ¢ hexporicr P OROHIEH G ts fof T ki Bor ieERan exfPud n
mul | i ng - a re, extrudi ng
the m xtur P 3hou 3a] st I ERHRtZ&re tRSICRNS Higgseal ds
can al so bgo@ngc?/?"'@dﬁeﬁ?E?g% ?hlél o}%?%ﬁggvﬂgfgo%%r ty?es gf §%glhem};e.ol iete and
bi nder ni Xth@inidH GrRUPWIB ehethlsaivever bn aheiferiadicnTable peliahgd by Eigherange

from0.1 to 3.33 wt% or 0.2 to 2 wto/? or 0.3.to.1 wt% [0043] .Inlyet

anot her enetntibial,, and Bpadwble S8R SUIILMERS, &F - EM% A inike! @R al so
be used. In.such an_ enbodinent e Wej: p I rdsace
area bi nde™ &5} g?eé?(gfgl j'lhggeeé?eetéﬁt%r\gﬁh%ﬂges\/\gf éﬁﬂélggﬁ%g %ggyo@é%e?g hi gher

surface ar gajdek nslesul flde94sH Abfrastoat invehly oxide baiportset duitkledesctals esideor
form ng a mxed netal oxide binder have a sufficiently |ow surfa rea,

R e
t he propor sugmstsofnchuichloveraidioRKEs isHCh e Bli¢hdeluRing P’éé‘éaql%pplbﬁﬁf%‘? Y When

two or nore, netal .oxides, are .used t i e xi,des

can be i ncAMyYPat eé)f ereﬁf%i ?19118118%5[ gﬁeyé?ljogé '%Lﬁ];ﬁlgg%gél}“ag%% net hog‘é‘#g:}:lg%g

exanpl e, 0@@6]9%@?6&: §igds oMb es 200tA CPrB_&thﬁWﬁStte ior Apg shofaombrearfrarh t he

zeolite powder, such_as duri n? spray dryinhg. The spray dried zeobl t e/ bi nder
X

powder can 106eo 366 mf/gedrafetahly h60 seddRanifataad HRPWeYHRAW?! HPMob 2P0

extrusion. [0045]1n yet an r ogli t, ' t '

sel f - bound L dhemd e@eﬁgﬁb@o@{}gﬁﬁO?T%Pr{grerﬁ%e[sﬁbﬁgﬁtggo@egggca:@%ﬂt' z(?lrgbtl%r(li t he
catal ytic i ANQLENGKUSB0Rnd QERATALHRal0f ihsremed0tet acidBPQF the

pr ef er abl ng%§t%m%oc,ua hﬁdr ocg)]en parti aF pr e?'tsure of from1.8 to 34.6 nPa
(250 to 506@pmest.), preferably 4.8 to 20.8 nPa, a liquid hourly space
velocity of from0.2 to 10 v/v/hr, preferably 0.5 to 3.0, and a hydrogen

circulation e of  from35.6 to 17 / cfop

pr ef er abl y[qdizgﬁt 0 s%f&f%T?nghfgal( iﬁﬁ%’%o&g% ésof:f)?i % gly%ag Ao as
2010/ 077352RGE HS2Q09N00 47 38ide) At kel/RR3ybddndnol I 0% ts pRIdE7] THO%eEDI uent
fromthe dewaxing stage may then be optionally conducted to a final,

hydr ot r eat e®okide) epnickebtuasteny(dt! 0% Nirsoxigarlft4Eat Wetht 0P haliHea ¢ he
same as those descri bhed above. for t first hydrotr reeactl on
condi ti ons Eﬁ%?m%libépl?g%ﬁﬁafﬁ/vﬂlrc e gty ﬁbu%c%ﬁgggggﬁg%%-éﬁqﬁ%}@? O(;rf[ he
condi {i ons ,{sBlcibfBed bf K-BYSLPKIRBAOTEAL NbARABAT Ler the

post - hydrotreatnent, various fractions of the effluent nmay be suitable for

use as a diesel fuel or a lubricant basestock. However, in so%
enbodi nent §002he r ealtbtiatigelyuiths bydrotisates calgkystayn he HRAvk marRl caefyst,

d d. | h embodi h '
T Tons B sompingion fEtadied BADSF sBRRICLREn IR bl REEEREEDY O |
post - hydr oty eat nent xr?efaﬁpthaltthmeeéaftél?@t@tareamsbgpémpwwahemet sulRredalest a

di esel fuel poftion and a lubricanf basestock portion. The |ubricant
basest ock pariclasrconapriseliEh | 6@ vauls etatddast one Gronp M rrasblggnaiakbindit

th talytic d t i ; . e ;
The. 1ubr i clfel BEGEEOR I TrE el Derrt i et TS Hape PaIX EoaPrrBRtpess o
hydr of i ni Sgﬁgﬁg[kgjf %{ﬁaﬁ%ﬁ it PR wHRrR 8RS bEn@PRh s paltRE4Hdve Dnaface

enbodi nment , uent fromthe hydrotreating step can be
area of at least 10 m%g. It is furthermore preferred that the bulk metal

hydrotreating catalysts used herein comprise about 50 to about 100 wt%, and even



directly cascaded to the hydrocracki ng step. The hydrotreat nent and

hydr ocracki ng catal ysts nay be located in a single reactor. This may be
referred to herein as a direct cascade enbodi nent (see Figure 5(b)).

Dependi ng ?W)%)tp@oﬁgsger catal ysts and the choi ce of reacpipRsHgfsliciigons, the
products of the process may show i nprov@d viscosities, viscosity indices,
saturates content, |ow tenperature properties, volatilities and

depol ari zati on. The reactors can al so be operated in any suitable

catal yst-bed arra n npﬁ@ 08, 4 4 VNI BeenoBle

ebul ati ng %@eﬁr?ﬁgf}’gﬁ a%’f“)l(e E)Oe ,Juégiégtr}?!r@n?ff%)gﬁng% Iggqurghgor mal [y utilized.
I n enbodi mepda] WheseeihonefdlougntIs menlf et pdrie tatalt weight pEhe partivies,

2010/ 077352PCT/ US2009/ 006738 - 17 - directly caiﬁﬂde&égo t ﬂxdrocééflcki ng
step, the calulatedns mataltaxedesy dihs amaunt@f GiRP apg YarRc PEMBt%Ch t he
conditions in 1he hydrogcrackin t igure 5 schematically shows a
conpari son r’é@?fﬁé@ﬂ %Sli%ﬁ?/gﬁttef’gﬁglﬁ \?@agk‘?@h%%sg'stem (Figure 5(a)) and one
reaction systemsuitable for carrying out the present invention (Figure
5(b)). Figyoeéi(a) Bhovsamipti @mpssitioeacomprismgsorenGuioup ¥1Bonoeneblnal
reactor for perform ng a hydrocracking reacéior%.@ 005%4 Figure 5(b) shows
one embodi meetal axfd typ OnewmVilBanetalscare prefeyed ethed Pep LH\‘%:I' llﬁbmt WPect
cascade progcess,, The initial beds.of . k t i i

e g N e o G e v S
exposed t 0 Ry graACtAEKshPafilléd ¥Shnailhilearabing wict hdhe moleemedict @roup

separation. After hydrocCracking, the effluent fromthe hydrocrackin tep
i s exposed VIB aodEnawp NIt aneri-peble wetdsutanges @le%@ialé[t groérépgqii’?]i'm.ﬂﬁfst er

dewaxi ng, the_eff| f he, devaxi ' i
nyar ot r eat reiereky 05RO JAanE R T ebodr SrorErar R el (ARG oS

saturate uQ)qec%iufﬁ%bc{rp%b@k@iﬂe‘“h@tzﬁ@@@ﬁtﬁﬁ}ed[iQQﬁe?]s}hél]. tIhencrenkenbheabup MIBr  art
schene, any catal ytic dewaxi ng and/ or cat al iési c isonerization is perforned
C

in a separ ahe@al BacdmaineThin ghe dubueatalyst mertichess troraionet Hirafifferenl YEW are
poi soned by the heteroatom contani.nant.s (such i fur
and/ or or gaPiE meitalp (‘fgé?f)erg@%inehﬁlg}c%r e@En?an?%h‘?@%%ﬁ)?/e? r%?feag%%ﬁ%:‘ ?f uent .
Thus, in a 1% - i SIBRAE 3hicOWheleaRolyddumed dnd thhgsten deecr ease
t he anmount \gﬁpﬁﬁg%ﬁgﬁﬁgg?gfng@éﬁ?a%%ﬁant S. Becaus(e)ygdi stillation also
needs to bgraent as Grdup ¥ Bepatad, ehe ardlpbenuontungsiesrratin @refpmbiy fige i fhe

nd 1 hor of amee P o |16 BTGy ok GeBake! rodr SEhE AT EBP IS ek bon
ol ecut ©5 1aiAlarCosa D9 YS Airhdy prolbAeal el chd!RolRSEH ofktab Wonfrich &f |

out . [0053]2'1n ITect cascade enbodi nment of Figure 5 (b), a layer of
dewaxi ng calbabigitidiasobeaaslybdehudednkettwegstert he Brpthraldyackembingtieps ad t he

final hydrotreatnent. By using a contani nant | e t catalyst, a m
dewaxi né stréq:kelmlzbdm%l‘i/ﬂmg@ﬂ us2f69/ 008"7%%92“0&3%’%683%1/%%%8% or nnlélgpon
the entire effluent, fram i st } i

nol ecul Ies ﬁ‘r‘%l%eé}r#f)g?w W‘ﬁgb%%g‘ﬂﬁg{%%nﬁ%é;%g F'ueﬁ?sgggﬁ%xﬁ?ggll?dg%% Elgjé)le .
dewaxi ng. Thive sitbAreiumati Mhusj thle aveide yrfateareoiof iryprsoipitatofs mamtpned hai n

nol ecul es, thus allow ng nol ecul es that woul d normal {é}( exit a %I St} |t1!1ati on
step as botduwing use.beThormetelsedra Grexsraiiy| FES| dSaPrFEIE SOMRBINEaRt ¢

basestock. SLILLALLY, RATE UREGHL SR AR Rk hibbbGaidmeeshumc v ||

be convert @TEPY} | nol ecu net effect is that nmore of the

hydr ocr ackq:ronﬁ;(;ulnaglaqrt}yg ddrrdipohdiagrmeant ed into high val ue products, as
opposed to bei'ng separated into bottons that |likely will be cracked for

gasol i ne. The anount of diesel and/or |ubricant basestock should. al so,be
i ncr eased, [883@ndi ndt snalsperraErTRdethef t{’?lg’“h%é‘%f’é?lo X&roir@@%%lcpfahs&}lge%( b),
the first dr.otreating.s [ ERors Qe fesBIY bE 8t RA¥AKINY
step and 52{"67'}8 Wﬁrao?ggaﬁ%?alg%a grg{)fé%tg%g??go?ﬁned 0irn%t he sa%/re reactor. It is
advant ageoyg?/50 M Nk M6 ddwreduriier thef poeacizer distbutermarti tel pulleavetabf

t hese steps could be perfornmed in separate reactor. For exa

| e, the
hydr ocr aci diydgots¢atinge cathlysiebp APPEVHER G N @ﬁesalné?aéf dhe ¢ Pﬁgogﬁwg’&ﬁbnt
SoUr Sery %zdggt\pelaa)gn%g cgttaﬁpsts'. N RGEPH PPl RAC! BlestM duiR uhe?dWh?&B%@t%é’”

bet ween th



two reactors. Process Exanple 2 [0055]1n an alternative enbodi nent, the
effluent fromthe hydrotreating step can be passed through a high pressure
separator to flash off H2S and NH3 before the subsequent hydrocracicing
step. This ferred to herein as an "interstage hi.ghs e
separat i on@%@@?%nt (see Figure 6)._ihe interstage hlp% B%’?@Z@Eﬁé
separation enbodi nent nmay result in higher conversion in the downstream
hydr ocr acki ng/ hydrotreatnent reactor. Figure 6 schematically shows one

enbodi ment of an jnventive reaction syst r farm i rstage
hi gh pr essGr@sENB? St PSRRIy BAre Wlﬁ%ﬁe@%@'égﬁeﬁg{gi %‘éﬂr}% @%ﬁi&%ﬁg g%glsh
configurati f i act 7 ta ppetea@p emy - i @ly
pressure sgg%’a%@énﬁgg%%rgfér?ﬂ&ﬁgu?g%g,Iﬁ{/lgweglg%??rese g?fl uent fromt hg
hydr ot r eat ije@rm@aslt by nftPékensadsagsian. i Rtederably, Wores smaller than 1 nm are not

2010/ 077352PCT/ US2009/ 006738 - 19 - leﬂit one high Earlgszsur?ef sgg}ghati on

devi ce, suptesart. t Rerthenmorgfthpseghulkrmastel nydtisahag SRR PLGEIPa5 1 K8 hi gh
pressure sepafati [ [ g t a NeiQ@n e 5afif | uent
fromthe | "GH4 P g@gt%%oﬁﬁgééﬁ?hg@ﬁggh{ﬁﬁr%gﬁre %@E@n{a@%ﬁ& \1/\(/?1{? cﬁﬁﬂ’cgnt ai ns
di ssol ved Begeabty ROSHIdME Yha 9300 ansatd tioré prefosably @cvnivira ¢hn8 @00 am.

hydr ogen contai ning gas. The hydrogen contai ni ngl,egas ]ga¥ contgjﬂ H2S. The
conbi ned mEvenmeorePrefeaably tha spsharpartisleadiamess adrdls ange iy hgldm

hydr ocracki ng catal yst, , After hydr ing, the effluent fromthe
hydr ocr ackia?l‘gnéotsiBr‘%Pgragl?’pl s@ﬁ ’%%f(% %ﬁq‘g-icsﬁt%fghedi ate separation to a sour

servi ce dewaxing catalyst for isonerization. In one form the hydrocracking
cat al yst apddrfigaslanaProgssat al yst are located in the sane reactor. The
effluent fromthe dewaxi ng stage may then be optionally conducted to a
final hydrotreatnent step then separated into variou

u by a
fracti onat §028thesetydiostacking safalys typically @n %‘ﬁ&%‘&i@?é’f'ﬂ%ﬁalst VPe
product sugh ,as h L OAtES afusiha t HREKIRE QLues St@haaESA di esel
cut, and agﬁggkvslug)rp%ﬁgbge&glféés %T?Eb%%{m%'ﬁg Fupr | cantébasest ock portion can
t hen be subgiagi®d aleniaasoDenttheenwacidivgswipeptsoareamotddeor baved yritle othsraxi ng
step in order to _achieve desired, rppert,f',es for the | ubricant basestock.
The | ubri caetalsaddestsoeh apshumiva, B@R1A Hetllefe hydr of i ni shed and vacuum
stripped. The high pressure separation will renove sonme gaseous sul fur and
nitrogen f he oS eds SRR ARed 0RPU tcliperAlfaN{ra] for
further trie(gpg nt . em%ggerf:ra}t@ﬁle@;%ﬂgaﬁgt ed ef?l ugnt 734 tgﬁ%t is passed to
t he dewaxi agotH@eCaambsti §50°CHhiydrogenf messexempf Fomatrant 288rpsiDB0apPH by

wei ght of total conmbined sulfur in |iquid and gas for o] he drotreat ed
feedst ock BOQY psigtAi&ME o346 P@%ﬂ}cll %‘Hl}"r\“ yhﬁﬁ%ﬁ@rcﬂsé?ﬁd’?ﬁ%&&w (g%nt ent
of the effluent A pr ch LMLy | ' s @nlihie telgveuti ng
catal yst, 58%3%8@@\1%@? naglﬁgja?{d g(?%/ég}ﬁ%\flgl%yt@ggggg%%gtg%ﬁtﬁ gfgé%ge\t/(gr e sour
envi ronnent 781 @958} (4bcanadOSCH/Brimabohe 1 Y0 SCIEB) c Tygiciyalny/wostarades, he

dewaxi ng catal yst are | ocated in two separate reactor ith no i di ate
separ at i onthepgangitionsewdbbavestempesaiurts il it E)a"(gﬁt(gl BE’QPt, 3 Q(wgt t&’e?%é’%tgg 6
hydrocracked,ef f| uent ma I : E Ol s sak mni3.9

cat al yst fEYdra?éﬁ?thS?Fé‘FeS?/ 8%&"3‘5 %@@HP%@%}@;@@@@&;gg%g%gg/ 006738 - 20 -
het er oat o) Qi AbUFIdt abBdesddiady ef drahibiont Lpedi'eso Theuts@cshand
hydrotreating'step may be located w thin the  saje react g{)@gs it he

hydr ocr ackhydrogen toraheges mgtestapiony abriy) D8 Ph/M @ FaPYY W&y daheut
reactor. Al final hydr ment step, the effluent is then

separ at ed ﬁéuﬁ)sg:%‘@éﬂég%&%&r@égﬁﬁ)acti onator. These cuts can include, for
exanple, a lighter fuel type product such as a naphtha cut, a lighter fuel
type produpewaitly Pcasdi esel cut, and a heavier | ube basestock cut. The

| ubri cant basestock portion can then be subjected to a sol vent dewaxi ng
step or another catal ytic dewaxi chieve desi

ng st in. order .to re
properti es(@030]t he Thibpradust from &g BZE‘%CWCK"%!J%?}{?% ITGEHY A GE dp‘(??? fon can
t hen be hydr.of j.ni . t {i.pped. i pdihesSisS
1005711 n SR B P e R b P s
cat al yst i peuud@shdiwesn Ghel hyidciaekihg3andvctal ytandewaxinglstagesa, Elominaio9 t o 5
wt% Pt, 200:1 to 30:1 Si02: Al203 ratio and at |east one | ow surface area,
refractory netal oxide binder with a surface area of 100 n2/g or |ess.
1005810ne exanpl e of a nolecul ar sieve suitable for use in the clained
invention is ZSM48 with a Si02: Al 203 ratio of |ess than 110, preferably
fromabout 70 to about 110. In the enbodi nents bel ow, ZSM 48 crystals w |
be described variously in terns of "as-synthesized" crystals that still
contain the (200:1 or less Si02: Al203 ratio) organic tenplate; calcined
crystals, such as Na-form ZSM 48 crystals; or cal cined and ion-exchanged

_________ 1 o R A o o




10059] The ZSM 48 crystals after renoval of the structural directing agent
have a particul ar norphol ogy and a nol ar conposition according to the
general formula: WD 2010/077352PCT/ US2009/ 006738 - 21 - where nis from70

to 110, prafoe{()ip(lﬂ);%sgo to 100, nore preferably 85 to 95. s(lf g?ﬂﬁg/(ﬁ?ﬂks

enbodi ment, n | east 70, or at leagi-80, or at |ea
anot her enbodinent, n is 110 or less, or 100 or less, or 95 or Iess I n
still other enbodinents, Si my be repl aced by Ge and Al nay be repl aced by

G, B, F V, d.Z 0060] - th d t al
is pr epa?ed’ff ﬂ)@n?%%%&ftﬁéépng@f' Y V@ir‘ll%ﬁé nﬁ?%ﬁﬂﬁence%g;e% gfﬁdéﬁgﬁ(d‘alﬁroetc fu 3ms
sal t directl g@zﬂ?ﬁ&?n&elf' Ro %dﬁ[ﬂ%@leﬁﬁgh?en& he neBded. Tilone fofms iidictulyalkc

directing a silica in the mxt s less than 0.05, or |ess than
0.025, or Idesaxirgasta@e 022l tHen hadotchekirgtage narat located mokhke samae i rgagpr.
structural directi ng agent:silica jin the g?ﬁxt ure is at |east ar at

| east 0. 01BItespatitely.crnidrogragkisg and catalylic JRFAREE HQEGHFHERY ta‘?ﬁé’}dﬁﬁl B
t f t t t 15 t
ratio of s r aﬁ%ﬁéy?%x gdfée Elgﬁgggﬁg thel éép%%}gidﬂ Efé% Hls%S B &idb Sarfy’ Ag:P- @ 0

0. 025, prefs I n an enbodi nent, the as-synthesized form
of ZSM 48 egpsésalrizehhs feedsi Instendalthereffuen fimm tlad hy)dmk:raﬂkmg)stmge cahpesti| |
anot her enbodi nent, the as-synthesized form.of ZSM 48 cr st | s has a

si i ca: al umaiatainsidast PECEEIRG PEISSWIEASAS the, ctfpent; 15| dejiier g‘? © ewping: ss.
In yet another enbodi nent, the as-synthesized form of ZSM 48 crystals has a
silica:al uff3§& molar ratio of 110 or | ess, or 100 or less, or 95 or |ess.
For any given preparation of the as-synt heS| zed form of ZSM48 crystals,

the rol ar ¢eogIgsi t i Blimddtingcthet separationi step bat\wannlayctmdradkmgcandqgatalg@m | t

shoul d be noted that the as-synthesized fqorm of ZSM 48 c
mol ar rati §§WeKingrlsymenpy dabary FRlsH: inree %%ﬂdaip the pydroc H F%H‘i SBH t he

reaction xtur epa %i}ﬁ.@ h may
occur due 8 llnnﬁlon%ffﬂietg{)ltﬁ%[ogp gss%??rrl&éf é‘%o %: ’Za%ﬁle E)tlac)t gn%h? (E)@é%%
reaction ngghdking f€® tAheoftomsbhtie Jn(glaﬁﬁdsdlﬁrromthhée&cbantheohuydmmtaukm)g

[0061] The ZSM 48 conposition is prepared from an w&s reaction mxture
conpr i si ng steplwidkboeonsiarieddo dlSaduringhydoHgaEe. so AR MEORER P pase

and di r ectl R0 20901 nd SoRFAIE D HRRdIRE! HRGEY Skthodiod BRKAEh sEhihe

reactants | oW Hg

2010/ 07735?—?@5&5@@@39&&91%3aurm§Zaydr&r&ﬁm@ 203 tfdlzreefveuth eﬂe) e#ﬂieﬁlttto the0 H20:
Si02 =1 toB500 O4: ST = 0,3 O4: Si02 (preferred). = 0.14 to 0.18

tenpl ate : c&anC:d@v@dng @tags tTelwpllaak @f agjeparafipnétey aléa)m@an@ thatsanyglighto2s
[0062]1n ¢ ggseeslb(%ve Eia)t Sed &% aﬂgc?r%craarc%rpgr\?/\ﬂ g5 of O}Sre?e(?ltthnttﬁ? efftRALS! | (?a

The total combined sulfur from the hydrotreating process in both organic liquid

form and gas phase (hydrogen sulfide) may be greater than 1,000 ppm by weight,

or at least 2,000 ppm by weight, or at least 5,000 ppm by weight, or at least

10,000 ppm by weight, or at least 20,000 ppm by weight, or at least 40,000 ppm

by weight. For the present disclosure, these sulfur levels are defined in terms of

the total combined sulfur in liquid and gas forms fed to the dewaxing stage in

parts per million (ppm) by weight on the hydrotreated feedstock basis.

[0032] Elimination of a separation step between hydrocracking and catalytic
dewaxing is enabled in part by the ability of a dewaxing catalyst to maintain
catalytic activity in the presence of elevated levels of nitrogen and sulfur.
Conventional catalysts often require pre-treatment of a feedstream to reduce the

sulfur content to less than a few hundred ppm. By contrast, hydrocarbon



ratio and the structure directing agent:silica ratio, The broader ranges
for these ratios include m xtures that result in the formati on of ZSM 48
crystals with sone quantity of Kenyaite and/or needle-|ike norphol ogy. For
si tuations yai te and/ or needl e-1i ke norphol ogyp} i red, the
preferred %an({égmgﬁ%ul d be used. 1006317he silica sour Cepb?/g@%)tro%/ﬁgﬁgbl y
precipitated silica and is comrercially avail able from Degussa. O her
silica sources include powdered silica including precipitated silica such

Z il d sili l's, siligj id idal_sil] §
Chdoe(r) oreadsarvenoanis, o 0 vhh pihs ShaBlnf & etk dfnbE cildtilely, | ca
. | . ) . H v M
sources nay r%g%g&? 'ﬁls]ngggll%smv gﬁ@g%g]ﬁ%. MRY aR@nhbbdifent, ahtefal @ofdiked e

salt, pref e um s I's commercially available fromUS
Al uninate. sQifuercatéitabl digaidininduges durmeofi thel bydrogehecorthiniman @as sand s

such as the chloride, alum num al cohol ates or hydr at al ym na such

ganma al unitalrotseated Sssosk can Mgt deast 8ilawt 2’&%% Irr‘?és.t%jr%é” t%t]scg %ﬁ%ﬂ&‘ PgP

di ssol ve thenetal oxi B, b |1 kgl y | 4R, &t arephy
sodi um or p%&%g%ri %Jtn@ﬁ%/t r‘%%c{%,oe;a%%arls?d;@h{/d?ggl@%gé %ﬁ‘gzﬂé%raﬁgé yt hy\gr{)xi de
and the |ikifith@ntint ety rgmagainéd bg santexiaABTM metimdsdD26Xch as

hexamet honi um di chl ori de or hexanet honi um hydr oxi de. The ani on (ot her than

chl oride) could be other anions such, as hydr.oxi dﬁé hnf'l.t Bat €4 sul f at etionOt her
hal i de and [0A33] i ke In pB adREAHERiCHRR ARG A YRP Cstiash high pressure Scpard

N,N,N,NI,Nt [ - |" T i | { i T ratin
2010/ 077352 I?;l(\,}lll'rj? L@gg‘g#%&%g@wgéﬁe gﬁsggg%ﬁnmgngg%@{rggﬁﬁe 1:{?'f]aeog:systgal S
obt ai ned f remtbhwithyot gstsusieingrtilefiged dntsaeh ianeertiddimehtaviee highwprpssorogy
that is free of fibrous 1rmr phol ogy. Fi brous _rmgp ol og h}z no(i/ desl%rgeeczi% as
}hl s C:Kstéﬁpmgphoﬂt@@yi lovrs e §€1|tnﬁ§alcézfa4r9’t g8 i ;:lg? Pt yHof de 48.
n anot her enbodi nen ai ogdi ng
{rrlpaéwnﬁg@ oin, tﬁ{g) ' %{%ﬁ&éﬁ esf{lﬁgrﬁt nﬁ?wfe{/&“ bRGusy b es%;p§ra@f€)% 1

to the invef ogy contains’a | ow percentage of

needl e- | i kgoRBHABAlLAYpredsiee aompatabdd tnaadpwcbiskeresnmrplfot dgyhyireseating n t he
ZSM 48 crystals can be 10%or less, or 5%or_less,, or 1%aor . less. hi an

al t er nat i verehpdrdicrasking step, 28R4 ﬂ@%ﬂ‘lyéﬁ’%ﬂ §till aponiaing sulstaptial AMPUNTS; @
o Er T oL O iSO SRR o RESTIE sh KoY 8f HsSoi6d SR B fEobmlonp

applicatio S are belreved to reduce the activity of
ZSM 48 for SamR 4Me&s 10D vipasdranSeast 500bippin ok adésist ¢d00mpphploogy léast hi gh
purity, the ratios of silica:alumna, base:silica and directing

agent : si | i @900nvpphe areabeasof0M xermeoraaideasti7Ag0 vBP@nbodi ment s of the

i nvention should be enployed. Additionally, if a conposition free of

Kenyaite a free,.of neeqle-ljke r o] S Si ; p ed
ranges shoﬂﬁé?{}e us@%ra%g%ﬁﬁeé%s-cgkﬁﬁgéi gééo Szgﬁf4g{a§?yg ra%%g gﬁgﬁtlg% be
at |east paphfighted sid @shtliedrinta@yuaenssr dfurdyserinttheatineencascBieyitregt gay be

acconpl i shed by heating at tenperatures of from 100 to 400C,  preferably
from 100 t en&89ChePhpdolicatingaifapler atifb e PE cORKE §}Hl9&5h09btfé’fpcf"§a.te‘i fabydr yi ng

is performed under partial, vac f1 , ' | ower
t han t hose “QMPAFHOE pHEY ih&glbpreeggbli?efgﬁﬂ%@@p%%%% g@?’?@%?% | y nd

wi th a bi ndgr/@rdemixing seRidr bRthephnior [h ahesienplBifludarcondigaratiel, steanpad o
tenperatures of the use desired and are attrition resistant. Bj nderds/ may be
cat al yt i calcay bectuppliedin pazatiel teebethdhe hyfinireating apd 2 hydiosrackingand/or

i nor gani ¢ terials such as clays,,and i: chr.a a ilica,
L oanr a2 enaRiE Teaptirap pous ol HERaE B Blre LT Mot i frodd |
mont mor i | qm]feeuﬁ%!lsa&ﬁl GRNPEN Gitd! i awiai drakiiRre ThethenRighbprdabweradeietuld t h

S suc

other materi a h as silicates. Qther porous matrix materials in

addi tion t grefietdbdpintouhe hadrocrackingdovmdng iseassoryzongt dniciiclasignineds, the
silica-magnesia, siligca-thoria, .silica-zirconi si.lihca-bervllia_ an

3111 ca (¢ dFseh 2as sl B seropbrRavlt st r g T B R BEb B0k B e,y
mat eri al ssychkags| Nifa- @l AHRG PRANGR fedt gds Gan el pdled RARARMEaning or
silica-alumma-zirconia. The matrix can be in the formof a co-gel. The
bound ZSM 48rubbaimwanltcradtelyi nize Vighid efflngat fraynvecambirgzdt witB 233 hytdypgen
framewor k al um na. [0067] ZSM 48 cr St'ﬁ%ﬁ al_siaiart of a catalyst may al so be
used with SORBIHANEIBAGI1HE &iglblﬁ%ﬁ‘ﬁ%‘ to Hab et apNRE &enat i on conponent s
may be from Goups 6 -12 of the Periodic Table based on the | UPAC system
having G oups 1 - 18, preferably Goups 6 and 8-10. Exanples of such netals
include Ni, Mo, Co, W M1, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd.

M xtures of hydrogenation netals nay al so be used such as Co/ Mo, N /M,

Ni /Wand Pt/ Pd, preferably Pt/Pd. The ampunt of hydrogenation netal or
netals may range from0.1 to 5 w% based on catalyst. In an enbodi nent,

t he amount of netal or netals is at least 0.1 wt% or at least 0.25 wt% or

o, o, ~ a2 N7 o, o, ~ O~ a2 N7 g, N ey g . o~ g,



[ 0068] Hi gh purity ZSM 48 crystal s nmade according to the above enbodi nents
have a relatively low silica:alumna ratio. This lower silica:alumna ratio
nmeans that the present catalysts are nore acidic. In spite of this

i ncreased %%ilj&/ywﬁhey have superior activity and sel eﬁ&/ﬁéf{)iﬁﬁ(ﬁ)ﬁﬁ Il as
S.

excel lent yie ey al so have enviropental benefits from the standpoi nt
of health effects fromcrystal formand the small crystal size is al so
beneficial to catalyst activity. [0069] For catal ysts according to the

i nvention i nco ra ZSM- 23, any sui.table nethod for pr ing ZSM 23
s DowlaRtsy, AF SBRIAbE, ThE fiald St £oSRng o B Bhelith 120N
of a synthesi bt i 08 i ing a hydrocarbon feedstock,
2010/ o7 ansemrL RS B BHb Y eRinglbriREALLEY Ramcling owratio of S 02: Al 203,
For exanpl &fore phefeeatliyn theagalystsuirt asbltet ovitiprepddimenskgil 28re ahugterd. or ned

by nethyl ating i m ngobi spropyl amine with an excess of iodo n T

met hyl at i oRuitablgcgstalygy 1’6‘3,‘“%‘%1&5]@3@ & 188 JIPEE RELCHr -%sgﬁt)gﬁ ZsML38

i m nobi spropyl-am iGh_11S vat ey R~a It a .23he py eis
heated to g&r Ié%%ﬂ@%@p%?a“ﬂr%%%?@ g?’ ??qit%t}?’s%h?hggir\deggl tip%%gg id
product i s pfdtériifls ede dld-2easbiad , VEBM-30sBEM-48 cohat8VI-231 00Z7INI-4hes dnostct i ng
agent produced by the above nethod can then_he nmixed with c&)l oi.dal silica
sol (30% Spoefyrred sbiafe dhast a Aeghienhaviagstigr éa Vb3 aftkatirec 4} ﬁsﬂg%éﬁ as Na

K), and_dei.oni zs _ i b
any bonvenPUREsEFE ot bRyl b1 b HAPREL salOrRyHRe, RAbRES 698, ¢

sol ution i gsyhen IRateehdlecarcsiyoéaitat 28d isotrheuprnaithirtke aboed) nesterlal®C, and
t he resulti.nr‘l:%JZSMZS crystals are dried. The ZSM 23 crystals can then be
conbi ned winchude ThsiaduNEde, BRed3 Il ddernd NW@Bm a catal yst according to the

invention. 100711The foll ow ng are exanples of the present disclosure and

Tom a5 crylRBeE o o B SRar gy B e R B R o NGt IERHAGR
100721 A niustHer eindRelePs eRatae thyldironatioh xdomigoreht. DI Thatraetal Hgxaogination um

Chloride (56% solution), Utrasil silica, Sodium Al um nate sol ution (45%,
and 50% soeRmpersidristyRicakdy ubra Varmad/@. a foopp oV HEaedtilon Prafialhe)the

5021 s oorRl a3 BefnabpT a7 £l ! SEbREFRLTOERENARA. o) s

102-0.02  the metal hydrogenation component is Pt, Pd, or a mixture thereof.

[0037] The metal hydrogenation component may be added to the catalyst in
any convenient manner. One technique for adding the metal hydrogenation
component is by incipient wetness. For example, after combining a zeolite and a
binder, the combined zeolite and binder can be extruded into catalyst particles.
These catalyst particles can then be exposed to a solution containing a suitable
metal precursor. Alternatively, metal can be added to the catalyst by ion
exchange, where a metal precursor is added to a mixture of zeolite (or zeolite and

binder) prior to extrusion.

[0038] The amount of metal in the catalyst can be at least 0.1 wt% based on
catalyst, or at least 0.15 wt%, or at least 0.2 wt%, or at least 0.25 wt%, or at least
0.3 wt%, or at least 0.5 wt% based on catalyst. The amount of metal in the
catalyst can be 5 wt% or less based on catalyst, or 2.5 wt% or less, or 1 wt% or

less, or 0.75 wt% or less. For embodiments where the metal is Pt, Pd, another



WO 2010/ 077352PCT/ US2009/ 006738 - 26 - [0073] The m xture was reacted at
320F (160C) in a 5-gal autoclave with stirring at 250 RPM for 48 hours, The
product was filtered, washed with deionized (D) water and dried at 250F

(1200 . Th ern of the as-synthesized materi al ypi cal
pure phase%‘é?%?gﬁﬁ%é? t opol ogy. The SEM ¢f.the as-synt heggg/‘gg%ror%&bgﬁsal shows
that the material was conposed of agglonerates of small irregularly shaped
crystals (with an average crystal size of about 0.05 mcrons). The

resulting ZSM 48 crystals had a Si 02/ Al.203 ar rapio of -71 .
as- synt hesiG&upc MiHt apllevaieale fvariay 1?‘?1?%“”%@68?@%}’393%‘01‘“8?rﬁfby}%ﬂr &e ion

exchanges w ' it S [ 0rg tEemMEehatdinad dvehl myrd by
dryi ng at g%%r%xﬁa@hgtéﬁ%aﬁ%% Pfglltgfe%{g)(%%IQQOZ(BSEOC) for A? hours. The
¢

resul ting Zpbfefsbl{ ffdnl 03 Q21 .5A203) crystals had a total surface area of
-290 nk/g (external surface area of -130 n2/g), and an Al pha val ue of

--100, -40 % hi gh h ZSM 48(90:.1 Si 02: 3 ] | s.
The K1 or mlBPS&Lal s Prdribindhe dewdnels ciaygesed Shprott L5HREAE 56 oGor
for 4 hour%nta{gggﬁéﬂg&mg@h@nﬁ 2R A e wahkesinal Fhesmbpeated

products are's 1/0 (/00F), 150 (750F), 140 (800F), 97
(900F), an@ZQ9-48L0RORtio Exdlipd & AlBmikk apthcatcobite ain baessthan XKk |, gdess

Dewaxi ng Catal yst [0074] The sour service hydroi someri.zatjo tal yst was
prepar ed bythen }il9d, 65 lw%@swpﬁgl,(ﬂrﬁessl‘%é?@f&%ﬁss t‘@é‘ girrpﬁ?’eprff\%"‘?ﬂ th 35
wt % P25 Ti Q2 bi pnder. and rudi i nt : 1 bAURGhad@her I3, eetiaty st
was t hen preé’&%ng?lﬁﬂﬁ’ irt}he %ﬁor §géﬁ%§t&1%85’l’-‘y z%aglmlnl))%i um e%<char(1)ged W th amoni um
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Base area. In dewaxing catalysts used according to the invention, the micropore
surface area corresponds to surface area from the unidimensional pores of zeolites
in the dewaxing catalyst. The total surface corresponds to the micropore surface
area plus the external surface area. Any binder used in the catalyst will not
contribute to the micropore surface area and will not significantly increase the
total surface area of the catalyst. The external surface area represents the balance
of the surface area of the total catalyst minus the micropore surface area. Both the
binder and zeolite can contribute to the value of the external surface area.
Preferably, the ratio of micropore surface area to total surface area for a dewaxing

catalyst will be equal to or greater than 25%.

[0042] A zeolite can be combined with binder in any convenient manner.

For-example, a bound catalyst can be produced by starting with powders of both
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the zeolite and binder, combining and mulling the powders with added water to
form a mixture, and then extruding the mixture to produce a bound catalyst of a
desired size. Extrusion aids can also be used to modify the extrusion flow
properties of the zeolite and binder mixture. The amount of framework alumina

in the catalyst may range from 0.1 to 3.33 wt%, or 0.2 to 2 wt%, or 0.3 to 1 wt%.

[0043] In yet another embodiment, a binder composed of two or more metal
oxides can also be used. In such an embodiment, the weight percentage of the
low surface area binder is preferably greater than the weight percentage of the

higher surface area binder.

[0044] Alternatively, if both metal oxides used for forming a mixed metal
oxide binder have a sufficiently low surface area, the proportions of each metal
oxide in the binder are less important. When two or more metal oxides are used
to form a binder, the two metal oxides can be incorporated into the catalyst by any
convenient method. For example, one binder can be mixed with the zeolite during
formation of the zeolite powder, such as during spray drying. The spray dried

zeolite/binder powder can then be mixed with the second metal oxide binder prior

to extrusion.

[0045] In yet another embodiment, the dewaxing catalyst is self-bound and

does not contain a binder.

[0046] Process conditions in the catalytic dewaxing zone include a
temperature of from 200 to 450°C, preferably 270 to 400°C, a hydrogen partial
pressure of from 1.8 to 34.6 mPa (250 to 5000 psi), preferably 4.8 to 20.8 mPa, a
liquid hourly space velocity of from 0.2 to 10 v/v/hr, preferably 0.5 to 3.0, and a
hydrogen circulation rate of from 35.6 to 1781 m’/m’ (200 to 10,000 scf/B),
preferably 178 to 890.6 m’/m? (1000 to 5000 scf/B).
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Post-Hydrotreatment

[0047] The effluent from the dewaxing stage may then be optionally
conducted to a final hydrotreatment step. The catalyst in this hydrotreatment step
may be the same as those described above for the first hydrotreatment. The
reaction conditions for the second hydrotreatment step can also be similar to the

conditions for the first hydrotreatment.

[0048] After the post-hydrotreatment, various fractions of the effluent may be
suitable for use as a diesel fuel or a lubricant basestock. However, in some
embodiments, the resulting lubricant basestock may be only partially dewaxed. In
such embodiments, further processing may be necessary for fractions desired. for
use as a lubricant basestock. For example, after the post-hydrotreatment step, the
effluent can be fractionated to produce a diesel fuel portion and a lubricant
basestock portion. The lubricant basestock portion can then be subjected to a
solvent dewaxing step or another catalytic dewaxing step in order to achieve
desired properties for the lubricant basestock. The lubricant basestock portion can

then be hydrofinished and vacuum stripped.

Procesé Example |

[0049] In one embodiment, the effluent from the hydrotreating step can be
directly cascaded to the hydrocracking step.  The hydrotreatment and
hydrocracking catalysts may be located in a single reactor. This may be referred
to herein as a direct cascade embodiment (see Figure 5(b)). Depending on the
other catalysts and the choice of reaction conditions, the products of the process
may show improved viscosities, viscosity indices, saturates content, low
temperature properties, volatilities and depolarization. The reactors can also be
operated in any suitable catalyst-bed arrangement mode, for example, fixed bed,
slurry bed, or ebulating bed although fixed bed, co-current downflow is normally

utilized. In embodiments where the effluent from the hydrotreating step is
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Base HDC/ Hlfeed is then exposed to hydrocracking catalyst, prefeyably without intermediate
separation. After hydrocracking, the effluent from the hydrocracking step is
exposed to a dewaxing catalyst, without intermediate separation. After dewaxing,
the effluent from the dewaxing step is exposed to a second hydrotreatment

catalyst for additional removal of heteroatoms and to saturate undesirable olefinic

species.

[0052] In the conventional prior art scheme, any catalytic dewaxing and/or
catalytic isomerization is performed in a separate reactor. This is due to the fact
conventional catalysts are poisoned by the heteroatom contaminants (such as H,S
NH,, organic sulfur and/or organic nitrogen) typically present in the hydrocracker
effluent. Thus, in a conventional scheme, a separation step is used to first
decrease the amount of the heteroatom contaminants. Because a distillation also
needs to be performed to separate various cuts from the hydrocracker effluent, the
separation may be performed at the same time as distillation, and therefore prior
to dewaxing. This means that some valuable hydrocarbon molecules that could be

used in a diesel or lube basestock cut are left out.

[0053] In the direct cascade embodiment of Figure 5 (b), a layer of dewaxing
catalyst has been included between the hydrocracking step and the final

hydrotreatment. By using a contaminant tolerant catalyst, a mild dewaxing step
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can be performed on the entire effluent from the hydrocracking step. This means
that all molecules present in the hydrocracking effluent are exposed to mild
dewaxing. This mild dewaxing will modify the boiling point of longer chain
molecules, thus allowing molecules that would normally exit a distillation step as
bottoms to be converted to molecules suitable for lubricant basestock. Similarly,
some molecules suitable for lubricant basestock will be converted to diesel range
molecules. The net effect is that more of the hydrocracker effluent will be
incorporated into high value products, as.opposed to being separated into bottoms
that likely will be cracked for gasoline. The amount of diesel and/or lubricant

basestock should also be increased, depending on the nature of the feedstock.

[0054] In Figure 5(b), the first hydrotreating step, hydfocracking step, sour
service dewaxing step and second hydrotreating step are performed in the same
reactor. It is advantageous to minimize the number of reactors. Alternatively,
each of these steps could be performed in separate reactor. For example, the
hydrocracking step could be performed in one reactor and the subsequent sour

service dewaxing step in a separate reactor without any separation between the

two reactors.

Process Example 2

[0055] In an alternative embodiment, the effluent from the hydrotreating step
can be passed through a high pressure separator to flash off H,S and NH; before
the subsequent hydrocracking step. This may be referred to herein as an
“interstage high-pressure separation” embodiment (see Figure 6). The interstage
high pressure separation embodiment may result in higher conversion in the
downstream hydrocracking/hydrotreatment reactor. Figure 6 schematically shows
one embodiment of an inventive reaction system for performing the interstage
high pressure separation process. Figure 6 schematically depicts a configuration
for a hydrotreating reactor 720 and a subsequent high pressure separation device.

In Figure 6, the entire effluent from the hydrotreating reactor 720 is passed into at
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least one high pressure separation device, such as the pair of high pressure
separators 722 and 723. The high pressure separation device disengages the gas
phase portion of the effluent from the liquid phase portion. The resulting effluent
734, which contains dissolved H,S and possibly organic sulfur is then recombined
with a hydrogen containing gas. The hydrogen containing gas may contain H,S.
The combined mixture is then transported to another reactor including a
hydrocracking catalyst. After hydrocracking, the effluent from the hydrocracking
step is exposed without intermediate separation to a sour service dewaxing
catalyst for isomerization, In one form, the hydrocracking catalyst and the
dewaxing catalyst are located in the same reactor. The effluent from the
dewaxing stage may then be optionally conducted to a final hydrotreatment step
then separated into various cuts by a fractionator. These cuts can include, for
example, a lighter fuel type product such as a naphtha cut, a lighter fuel type
product such as a diesel cut, and a heavier lube basestock cut. The lubricant
basestock portion can then be subjected to a solvent dewaxing step or another
catalytic dewaxing step in order to achieve desired properties for the lubricant
basestock. The lubricant basestock portion can then be hydrofinished and vacuum
stripped. The high pressure separation will remove some gaseous sulfur and
nitrogen from the effluent, which is removed as a sour gas stream 732 for further
treatment. However, the separated effluent 734 that is passed to the dewaxing
stage can still contain, for example, more than 1000 ppm by' weight of total
combined sulfur in liquid and gas forms on the hydrotreated feedstock basis. This
partial reduction in the sulfur and nitrogen content of the effluent can improve the
activity and/or lifetime of the dewaxing catalyst, as the dewaxing catalyst will be

exposed to a less severe sour environment.

[0056] In another form, the hydrocracking catalyst and the dewaxing catalyst
are located in two separate reactors with no intermediate separation. After the
sour service dewaxing catalyst, the dewaxed hydrocracked effluent may be

transported to a second hydrotreatment catalyst for additional removal of
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heteroatoms and to saturate undesirable olefinic species. ~ The second

hydrotreating step may be located within the same reactor as the hydrocracking
and dewaxing steps or may be in a separate downstream reactor. After the final
hydrotreatment step, the effluent is then separated into various cuts by a
fractionator. These cuts can include, for example, a lighter fuel type product such
as a naphtha cut, a lighter fuel type product such as a diesel cut, and a heavier lube
basestock cut. The lubricant basestock portion can then be subjected to a solvent
dewaxing step or another catalytic dewaxing step in order to achieve desired
properties for the lubricant basestock. The lubricant basestock portion can then be

hydrofinished and vacuum stripped.

Dewaxing Catalyst Synthesis

[0057] In one form the of the present disclosure, the catalytic dewaxing
catalyst includes from 0.1 wt% to 3.33 wt% framework alumina, 0.1 wt% to 5
wt% Pt, 200:1 to 30:1 SiO,:AlLO; ratio and at least one low surface area,

refractory metal oxide binder with a surface area of 100 m®/g or less.

[0058] One example of a molecular sieve suitable for use in the claimed
invention is ZSM-48 with a SiO,:Al,O; ratio of less than 110, preferably from
about 70 to about 110. In the embodiments below, ZSM-48 crystals will be
described variously in terms of “as-synthesized” crystals that still contain the
(200:1 or less SiO;:ALO; ratio) organic template; calcined crystals, such as

Na-form ZSM-48 crystals; or calcined and ion-exchanged crystals, such as

H-form ZSM-48 crystals.

[0059] The ZSM-48 crystals after removal of the structural directing agent

have a particular morphology and a molar composition according to the general

formula:

(l’l) SiOz:Alzog,
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where n is from 70 to 110, preferably 80 to 100, more preferably 85 to 95. In
another embodiment, n is at least 70, or at least 80, or at least 85. In yet another
embodiment, n is 110 or less, or 100 or less, or 95 or less. In still other
embodiments, Si may be replaced by Ge and Al may be replaced by Ga, B, Fe, Ti,
V, and Zr.

[0060] The as-synthesized form of ZSM-48 crystals is prepared from a mixture
having silica, alumina, base and hexamethonium salt directing agent. In an
embodiment, the molar ratio of structural directing agent;silica in the mixture is
less than 0.05, or less than 0.025, or less than 0.022. In another embodiment, the
molar ratio of structural directing agent:silica in the mixture is at least 0.01, or at
least 0.015, or at least 0.016. In still another embodiment, the molar ratio of
structural directing agent:silica in the mixture is from 0.015 to 0.025, preferably
0.016 to 0.022. In an embodiment, the as-synthesized form of ZSM-48 crystals
has a silica:alumina molar ratio of 70 to 110. In still another embodiment, the
as-synthesized form of ZSM-48 crystals has a silica:alumina molar ratio of at least
70, or at least 80, or at least 85. In yet another embodiment, the as-synthesized
form of ZSM-48 crystals has a silica:alumina molar ratio of 110 or less, or 100 or
less, or 95 or less. For any given preparation of the as-synthesized form of
ZSM-48 crystals, the molar composition will contain silica, alumina and directing
agent. It should be noted that the as-synthesized form of ZSM-48 crystals may
have molar ratios slightly different from the molar ratios of reactants of the
reaction mixture used to prepare the as-synthesized form. This result may occur
‘due to incomplete incorporation of 100% of the reactants of the reaction mixture

into the crystals formed (from the reaction mixture).

[0061] The ZSM-48 composition is prepared from an aqueous reaction mixture
comprising silica or silicate salt, alumina or soluble aluminate salt, base and
directing agent. To achieve the desired crystal morphology, the reactants in

reaction mixture have the following molar ratios:
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Si0,:A1,04 (preferred) = 70 to 110

H,0: Si0; =1 to 500

OH-: Si0; = 0.1t00.3

OH-: SiO, (preferred) = 0.14 to 0.18
template : SiO; = 0.01 —0.05

template: SiO, (preferred) = 0.015 to 0.025

[0062] In the above ratios, two ranges are provided for both the base:silica
ratio and the structure directing agent:silica ratio. The broader ranges for these
ratios include mixtures that result in the formation of ZSM-48 crystals with some
quantity of Kenyaite and/or needle-like morphology. For situations where
Kenyaite and/or needle-like morphology is not desired, the preferred ranges

should be used.

[0063] The silica source is preferably precipitated silica and is commercially
available from Degussa. Other silica sources include powdered silica including
precipitated silica such as Zeosil® and silica gels, silicic acid colloidal silica such
as Ludox® or dissolved silica. In the presence of a base, these other silica sources
may form silicates. The alumina may be in the form of a soluble salt, preferably
the sodium salt and is commercially available from US Aluminate. Other suitable
aluminum sources include other aluminum salts such as the chloride, aluminum
alcoholates or hydrated alumina such as gamma alumina, pseudobohemite and
colloidal alumina. The base used to dissolve the metal oxide can be any alkali
metal hydroxide, preferably sodium or potassium hydroxide, ammonium
hydroxide, diquaternary hydroxide and the like. The directing agent is a
hexamethonium salt such as hexamethonium dichloride or hexamethonium
hydroxide. The anion (other than chloride) could be other anions such as
hydroxide, nitrate, sulfate, other halide and the like. Hexamethonium dichloride

is N,N,N,N',N',N'-hexamethyl-1,6-hexanediammonium dichloride.
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[0064] In an embodiment, the crystals obtained from the synthesis according to
the invention have a morphology that is free of fibrous morphology. Fibrous
morphology is not desired, as this crystal morphology inhibits the catalytic
dewaxing activity of ZSM-48. In another embodiment, the crystals obtained from
the synthesis according to the invention have a morphology that contains a low
percentage of needle-like morphology. The amount of needle-like morphology
present in the ZSM-48 crystals can be 10% or less, or 5% or less, or 1% or less.
In an alternative embodiment, the ZSM-48 crystals can be free of needle-like
morphology. Low amounts of heedle-like crystals are preferred for some
applications as needle-like crystals are believed to reduce the activity of ZSM-48
for some types of reactions. To obtain a desired morphology in high purity, the
ratios of silica:alumina, base:silica and directing agent:silica in the reaction
mixture according to embodiments of the invention should be employed.
Additionally, if a composition free of Kenyaite and/or free of needle-like

morphology is desired, the preferred ranges should be used.

[0065] The as-synthesized ZSM-48 crystals should be at least partially dried
prior to use or further treatment. Drying may be accomplished by heating at
temperatures of from 100 to 400°C, preferably from 100 to 250°C. Pressures may
be atmospheric or subatmospheric. If drying is performed under partial vacuum

conditions, the temperatures may be lower than those at atmospheric pressures.

[0066] Catalysts are typically bound with a binder or matrix material prior to
use. Binders are resistant to temp'eratures of the use desired and are attrition
resistant. Binders may be catalytically active or inactive and include other
zeolites, other inorganic materials such as clays and metal oxides such as alumina,
silica, titania, zirconia, and silica-alumina. Clays may be kaolin, bentonite and
montmorillonite and are commercially available. They may be blended with other
materials such as silicates. Other porous matrix materials in addition to
silica-aluminas include other binary materials such as silica-magnesia,

silica-thoria, silica-zirconia, silica-beryllia and silica-titania as well as ternary
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[0067] ZSM-48 crystals as part of a catalyst may also be used with a metal
hydrogenation component. Metal hydrogenation components may be from
Groups 6 -12 of the Periodic Table based on the [IUPAC system having Groups 1 -
18, preferably Groups 6 and 8-10. Examples of such metals include Ni, Mo, Co,
W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of hydrogenation
metals may also be used such as Co/Mo, Ni/Mo, Ni/W and Pt/Pd, preferably
Pt/Pd. The amount of hydrogenation metal or metals may range from 0.1 to 5
wi%, based on catalyst. In an embodiment, the amount of metal 6r metals is at
least 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt%, or at least 0.6 wt%, or at
Jeast 0.75 wi%, or at least 0.9 wt%. In another embodiment, the amount of metal
or metals is 5 wt% or less, or 4 wt% or less, or 3 wt% or less, or 2 wt% or less, or
1 wt% or less. Methods of loading metal onto ZSM-48 catalyst are well known
and include, for example, impregnation of ZSM-48 catalyst with a metal salt of
the hydrogenation component and heating. The ZSM-48 catalyst containing

hydrogenation metal may also be sulfided prior to use.

[0068] High purity ZSM-48 crystals made according to the above
embodiments have a relatively low silica:alumina ratio. This lower silica:alumina
ratio means that the present catalysts are more acidic. In spite of this increased
acidity, they have superior activity and selectivity as well as excellent yields.
They also have environmental benefits from the standpoint of health effects from

crystal form and the small crystal size is also beneficial to catalyst activity.

[0069]  For catalysts according to the invention that incorporate ZSM-23, any
suitable method for producing ZSM-23 with a low Si0,:Al,O; ratio may be used.
US 5,332,566 provides an example of a synthesis method suitable for producing
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7ZSM-23 with a low ratio of Si0,:Al,0;. For example, a directing agent suitable
for preparing ZSM-23 can be formed by methylating iminobispropylamine with
an excess of iodomethane. The methylation is achieved by adding the
iodomethane dropwise to iminobispropylamine which is solvated in absolute
ethanol. The mixture is heated to a reflux temperature of 77°C for 18 hours. The

resulting solid product is filtered and washed with absolute ethanol.

[0070] The directing agent produced by the above method can then be mixed
with colloidal silica sol (30% Si0,), a source of alumina, a source of alkali cations
(such as Na or K), and deionized water to form a hydrogel. The alumina source
can be any convenient source, such as alumina sulfate or sodium aluminate. The
solution is then heated to a crystallization temperature, such as 170°C, and the
resulting ZSM-23 crystals are dried. The ZSM-23 crystals can then be combined

with a low surface area binder to form a catalyst according to the invention.

[6071] The following are examples of the present disclosure and are not to be
construed as limiting.
EXAMPLES

Example 1A: Svynthesis of ZSM-48 crystals with Si0,/Al,/Os
ratio of ~70/1 and preferred morphology

[0072] A mixture was prepared from a mixture of DI water, Hexamethonium
Chloride (56% solution), Ultrasil silica, Sodium Aluminate solution (45%), and
50% sodium hydroxide solution, and ~0.15% (to reaction mixture) of ZSM-48

seed crystals. The mixture had the following molar composition:

Si02/ SiO,/ALO; ~80
H,0/ SiO, ~15
OH"/ 810, ~0.15
Na'/ SiO, ~0.15

Template/SiO, ~0.02
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[0073] The mixture was reacted at 320°F (160°C) in a S-gal autoclave with
stirring at 250 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water and dried at 250°F (120°C). The XRD pattern of the
as-synthesized material showed the typical pure phase of ZSM-48 topology. The
SEM of the as-synthesized material shows that the material was composed of
agglomerates of small irregularly shaped crystals (with an average crystal size of
about 0.05 microns). The resulting ZSM-48 crystals had a Si0,/Al,0; molar ratio
of ~71. The as-synthesized crystals were converted into the hydrogen form by
three ion exchanges with ammonium nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 4
hours. The resulting ZSM-48 (70:1 SiOy: Al,O;) crystals had a total surface area
of ~290 m*/g (external surface area of ~130 m%/g), and an Alpha value of ~100,
~40 % higher than current ZSM-48(90:1 SiO;: Al,O3) Alumina crysfals. The
H-form crystals were then steamed at 700°F, 750°F, 800°F, 900°F, and 1000°F
for 4 hours for activity enhancement and Alpha values of these treated products

are shown below:

170 (700°F), 150 (750°F), 140 (800°F), 97 (900°F), and 25 (1000°F).

Example 1B: Preparation of the Sour Service Dewaxing Catalyst

[0074] The sour service hydroisomerization catalyst was prepared by mixing
65 wt% ZSM-48 (~70/1 SiO,/ALO;, see Example 1A) with 35 wt% P25 TiO,
binder and extruding into a 1/20” quadralobe. This catalyst was then precalcined
in nitrogen at 1000°F, ammonium exchanged with ammonium nitrate, and
calcined at 1000°F in full air. The extrudate was then steamed for 3 hours @
750°F in full steam. The steamed catalyst was impregnated to 0.6 wt% platinum
via incipient wetness using platinum tetraamine nitrate, dried, and then calcined at

680°F for 3 hours in air. The ratio of micropore surface area to total surface area

is about 45%.



HDT/ HDC/ H 700 F+ Conversion, wt% 26 38 39 50 51 63 79 Lube Pour Point,
IC21 12 7 -3 4 -7 -12 Lube viscosity at 1000 C, cSt
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Example 2: Process Evaluation of Sour Service
Hvdrocracking / Hydroisomerization

[0075] This example evaluates the benefits for replacing a portion of the
hydrocracking (HDC) catalyst with a sour service hydroisomerization (HI)

catalyst. The hydrocracking catalyst used in this study was Zeolite Z-3723

catalyst.

[0076]  As illustrated shown in Table 1, the reactors, 2 reactors in series, were
loaded to evaluate the benefits for replacing approximately 50% of the
hydrocracking (HDC) catalyst with the sour service hydroisomerization (HI)
catalyst described in Example 1. The feed properties of the MVGO are shown in

Table 2 below.

Table 1: Reactor Loading Schemes

Reactor #1 Base Sour Service
HDT/HDC/HDT HDT/HDC/HI/HDT

- KF-848 (Hydrotreating) 40% 40%
Reactor #2

- KF-848 (Hydrotreating) 30% 30%

- Zeolyst Z-3723 (Hydrocracking) 25% 12.5%

- 0.6 wt% Pt on 35/65 TiO,/ ZSM-438 - 12.5%
(Hydroisomerization)

- KF-848 (Hydrotreating) 5% 5%

Table 2: MVGO Feed'Properties

MVGO
Feed Properties Feed
700° F+ in Feed (wt%) 90
Feed Pour Point, °C ) 30
Solvent Dewaxed Qil Feed Pour Point, °C , -19
Solvent Dewaxed Qil Feed 100 °C Viscosity, cSt 7.55
Solvent Dewaxed Qil Feed Vi 57.8
Organic Sulfur in Feed (ppm by weight) 25,800
Organic Nitrogen in Feed (ppm by weight) 809




7.2 4,9 Lube V.I. 105 112 700F+ Yield, wt% 74 62 61 50 49 37
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[0077) The catalysts were first dried in hydrogen to 225°F by heating at
25°F/hr at 800 psig. Once the reactor temperatures reached 225°F, a spiked feed
(DMDS mixed with LGO to 2.3 wt% S) was introduced at 1 LHSV and 1000
scf/B hydrogen gas to feed ratio at 800 psig. After soaking the catalyst for 3
hours, the reactors were heated to 450°F at 40°F/hr. Temperature was then held at
450°F for approximately 10 hours. A second spiked feed (DMDS mixed with
MVGO to 2.5 wt% S) was introduced at I LHSV and 1,500 scf/B hydrogen gas to
feed ratio at 800 psig and 450°F. After 1 hour, the reactor temperatures were
increased to 610°F at 40°F/hr. Temperatures were then held at 610°F for
approximately 5 hours. The reactors were then heated to 664°F at 40°F/hr and
held at 664°F for 15 hours. After 15 hours, the sulfiding was completed and
MVGO feed was introduced to the unit and conditions adjusted to achieve about
40% conversion. During the evaluation, reactor #2 was operated about 25°F
higher in temperature than reactor #1 to simulate a commercial temperature
profile. The sour service hydroisomerization catalyst did not receive a specific
drydown or prereduction prior to being loaded into the reactor and was subjected |
to the same activation procedure as the hydrotreating and hydrocracking catalysts

as described above,

[0078] Process conditions, conversion, yields and total liquid product
properties are summarized in Table 3. The base case includes only hydrocracking
catalyst, whereas the HDC/HI case includes the hydrocracking catalyst and the

hydroisomerization catalyst in a single reactor.



21 Lube % Sat ur at es*

Mol ecul ar Wi ght
Cof the 7
Hydr ot reatiwre\)
Case (HT/HDCL Di esel
Point, C-30.3 3.1
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84 *% Saturates (W%

of 700 F+ Lube (noles/gram*Cal cul ated Ml ecul ar Weight)}* 100 where
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Table 3: Pilot Plant Evaluation

(Tot al

RhdAesski es for

Condition 1 Condition 2 Condition 3 | Condition
4
Base | HDC/HI | Base | HDC/HI | Base | HDC/HI | HDC/HI

Equiv. Feed 35 35 35 35
Rate, KBD
Reactor #1 680 690 705 720
Temp, °F
Reactor #2 705 715 730 740
Temp, °F ‘
Treat Gas ~ 4000 ~ 4000 ~ 4000 ~ 4000
Rate, SCF/B
Overall 0.75 0.75 0.75 0.75
LHSV, 1/hr
Pressure, ~ 1250 ~ 1250 ~ 1250 ~ 1250
psig
650°F+ 26 14 26.5 17.0 39.7 29.0 43
Conversion,
wt%
Yields,
vol%

-Gas (Cy- | 0.4 0.6 0.9 1.0 1.2 NA 2.0
), wt%

- Naphtha | 6.8 2.2 6.8 33 11.8 5.0 11.9
"(C5-350°F)

- Distillate | 28.0 23.5 29.0 24.4 32.0 33.0 394
(350-700°F)

- Bottoms | 63.8 74.2 63.3 71.5 579 62.0 47.6
(700°F+)
Total Liquid
Product

- API 31.5 28.0 31.6 28.6 34 31.3 343
Gravity

- Sulfur, 486 800 302 400 108 60 50
ppm

- 37 85 24 35 13 10 8
Nitrogen,
ppm

- Pour - - 13 7 15 5 -8
Point, °C

Aromati cs




Di esel Cal cul ated Cetane Index* 51.7 50.4 Diesel APl 34 32 Diesel Yield,
wt % 45 32 700F+ Conversion, w% 50 40 * Cetane | ndex was cal cul ated
according to ASTVMDI976. [0081]Integrated hydrotreating (HDT) foll owed by
hydr ocr ack| and hydroi sonerization (H') resulteg.jp d diesel
yield and %QEW%S\/ZV t enperature propertges over that OPC*’H%*’Q%%%H ve
exanple. In addition, the diesel quality for the integrated process as
shown by the cal cul ated Cetane I ndex was equivalent to that of the
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. CC . erved R
significantly increased and the total Iiquid product pour point is significantly
reduced. Correspondingly, naphtha yield is reduced and the pour points of the
distillate and bottoms products are likely reduced. Bottoms yield is similar for

lower conversion, but lower for higher levels of conversion. Yields are shown in

Figures 1, 2 and 3.

Example 3: Process Evaluation of Sour Service

Hydrocracking / Hydroisomerization

[0080]

The total liquid products from Example 2 were collected, distilled and

analyzed for fuels and lubes yields and properties. See Tables 4-6, and Figure 4.

Table 4 : Comparative case — Hydrotreating (R1)
followed by hydrocracking (R2)

Lube Comparative | Comparative | Comparative Comparative | Comparative

Properties Example Example Example Example Example
700° F+
Conversion,
wit% 35 40 43 63 a73
Lube Pour
Point, OC 41 37 45 37 39
700° F+
Yield, wt% 65 60 57 37 27




Table 7 R1-R2 Direct Cascade
Napht ha wt % 11

650+ Cony wt % 50 54 60 65 LPGwW% 3 3 4 4
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Table 5: Inventive case — Lube Properties for Hydrotreating (R1)
followed by HDC/Dewaxing (R2)

HDT/ | HDT/ | HDT/ | HDT/ | HDT/ | HDT/ | HDT/

HDC/ | HDC/ | HDC/ | HDC/ | HDC/ | HDC/ | HDC/
Lube Properties HI HI HI HI H1 HI HI
700° F+ Conversion, wi% 26 38 39 50 51 63 79
Lube Pour Point, OC 21 12 7 -3 4 -7 -12
Lube viscosity at 1000 C, ¢St 7.2 49
Lube V.1 105 112
700° F+ Yield, wt% 74 62 61 50 49 37 21
Lube % Saturates* 70 84

*04 Saturates (wt%) = [1 — (Total Aromatics of 700° F+ Lube
(moles/gram)*Calculated Molecular Weight)]*100 where Molecular Weight is
calculated based on Kinematic Viscosity at 100° C and 40° C of the 700° F+

Lube.

Table 6: Inventive case — Diesel Fuel Properties for Hydrotreating (R1)
followed by HDC/Dewaxing (R2) Along with Comparative Case (HT/HDC)

Diesel Comparative

Properties | HDT/HDC/HI Example
Diesel Cloud
Point, °C -30.3 3.1
Diesel
Calculated
Cetane
Index* 51.7 50.4
Diesel API 34 32
Diesel Yield,
wt% 45 32
700°F+
Conversion,
wt% 50 40

* Cetane Index was calculated according to ASTMD976.

[0081]

Integrated hydrotreating (HDT) followed by hydrocracking (HDC) and

hydroisomerization (HI) resulted in improved diesel yield and diesel low

temperature properties over that of the comparative example. In addition, the

diesel quality for the integrated process as shown by the calculated Cetane Index

was equivalent to that of the comparative example.




13 16 20 Distillate wt% 44 46 46 47 Bottons w % 42 38 34 29
R1-Stri a- NH3- R2
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Example 4: Process Evaluation of Semi-Sweet Service
Hydrocracking at High Pressure

[0082] To evaluate the benefits for intermediate removal of NH; and H,S after
the hydrotreating zone, hydrotreated MVGO from R1 was stripped to remove
NH; before routing into R2. At constant T and LHSV, significant increase in

conversion and yields was observed.

"~ Table 7

R1-R2 Direct Cascade

LR AL I e ]

650+ Conv wi% 50 54 60 65
LPG wt% 3 3 4 4
Naphtha Wt% 11 13 16 20
Distillate Wt% 44 46 46 47
Bottoms wt% 42 38 34 29
- R1-StripNH3-R2 -
650+ Conv Wt% 53 63 78 87
LPG Wt% 3 3 4 4
Naphtha Wt% 11 15 21 26
Distillate wi% 49 51 52 52
Bottoms wit% 37 31 23 18

[0083] All patents and patent applications, test procedures (such as ASTM
methods, UL methods, and the like), and other documents cited herein are fully
incorporated by reference to the extent such disclosure is not inconsistent with this

invention and for all jurisdictions in which such incorporation is permitted.

[0084] When numerical lower limits and numerical upper limits are listed
herein, ranges from any lower limit to any upper limit are contemplated. While
the illustrative embodiments of the invention have been described with
particularity, it will be understood that various other modiﬁcatiéns will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope. of the claims appended hereto be limited to the examples and descriptions

set forth herein but rather that the claims be construed as encompassing all the



650+_ Cony wt% 53 63 78 87 LPGW% 3 3 4 4 Naphtha wt% 11 15 21 26
Distillate wt% 49

WO 2010/077352 33 PCT/US2009/006738

features of patentable novelty which reside in the present invention, including all

features which would be treated as equivalents thereof by those skilled in the art

to which the invention pertains.

[0085] The present invention has been described above with reference to
numerous embodiments and specific examples. Many variations will suggest
themselves to those skilled in this art in light of the above detailed description.

All such obvious variations are within the full intended scope of the appended

claims.
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applications, test procedures (such as ASTM net hods, UL nethods, and the

i ke), and other docunents cited herein are fully incorporated by reference
to the extent such disclosure is not inconsistent with this invention and
for all jurisdictions in which such incorporation is permtted. [00841Wen
nunmerical lower limts and nunerical uppger limts are |isted herein, ranges
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catalytic dewaxing stage, and

dewaxing the entire hydrocracked effluent under effective catalytic
dewaxing conditions, wherein the combined total sulfur in liquid and gaseous forms
fed to the dewaxing stage is greater than 1000 ppm by weight of sulfur on the
hydrotreated feedstock basis,

wherein the hydrocracking catalyst includes a zeolite Y based catalyst,
and

wherein the dewaxing catalyst includes at least one unidimensional,
10-member ring pore zeolite, at least one Group VIII metal, and at least one low
surface area, metal oxide, refractory binder, and

wherein the dewaxing catalyst comprises a micropore surface area to

total surface area of greater than or equal to 25%, wherein the total surface area equals

the surface area of the external zeolite plus the surface area of the binder.

2. The method of claim 1, further comprising hydrotreating the entire
hydrotreated, hydrocracked, dewaxed effluent under effective hydrotreating

conditions.

3. The method of claim 2, further comprising fractionating the
hydrotreated, entire, hydrotreated, hydrocracked, dewaxed effluent to produce at least

a lubricant basestock portion; and further dewaxing the lubricant basestock portion.

4. The method of claim 3, wherein the further dewaxing the lubricant

basestock portion comprises at least one of solvent dewaxing the lubricant basestock



Al'l such obvious variations are within the full intended scope of the
appended clains. - 34 - CLAI M 1. A nmethod for producing a diesel
fuel, and | ubricant base stock, conprising: contacting a
hydrotreated feedstock and a hydrogen containing gas with a hydrocracking
catal yst under effective hydrocracking conditions to produce a hydrocracked
effluent, wherein the hydrotreated feedgtock is a vacuum gas oil,

cascading the entire hydrocracked effluent, w thout separation, to a

catal yti c dewaxbripnsindgetalydicdlly dewaxing the lultaatbasestediepostien.r e hydr ocr acked
effluent under effective catal ytic dewaxi ng conditions, wherein the
conbined total sulfur in [iquid and gaseous forns fed to the dewaxi ng stage
is greater thans51000TRRmANoIVBT @RimOS, whtréiurtherletvgeddiiohntesedodkerdst ock
basi s, wherein the hydrocracking catal yst includes a zeolite Y based

catal yst, A&ndtofinished under effogtize diydrofinishinegerivigne ardayaggumisiémngdes at | east
one uni di nensional, 10-nenber ring pore zeolite, at |east one Goup VIII
netal, and at |east one |ow surface area, netal oxide, refractory binder,
and ewher ghe midibBodlefakiimgl edicadily she hpdrpopérsess & chosewPione asur f ace
area to total surface area of greater than or equal to 25% wherein the
total surfhrdousaed ggysliluanhea Slfenbuiregeansas & reydg s rd sUBPIREONS| us t he

surface arﬁﬁ“%& t he bi nder. 2. The nmethod of claim1, further
conprising hydrotreating the entire hydrotreated, hydrocracked, dewaxed
ef fluent under effective hydrotreating conditions. 3. The net hod of

claim2, further co i Si fractionatin h rofreated, entire

hydr ot r eat ed, h@drogﬁéﬁﬁﬁﬂ%ﬁ' ﬁ%%@d»@%?ﬁg%hFﬁpgng3%ﬂ?%“@%wkéagﬁcﬁkd

| ubri cant Q@ﬁg@k@ﬁ%a@@{%ug@hwﬁega&gﬁég@g.demaxing the |ubricant basestock
porti on. 4. The nmethod of clarm 3, wherein the further dewaxing the

| ubri cant basestock portion conprises at | east one of solvent dewaxing the

bt cam basestock 1 Yhgin Aty G STV I ESM IR B P o

basestock porti

lubricant BasREkeekvE hatingr0$i0)ishedratodsr 208t f acs0:\1 endydhgfrisad fbinng 1

condi tions and vacuum stri pped. 6. The nethod of claim1 wherein the
hydr ogen g&&%ita 3 SRasenitpmevyprek Al 60ntedlt ed gas ef fl uent, a clean hydrogen
gas, a recycle gas and conbi nati ons thereof.

9. The method of claim 8, wherein the molecular sieve is EU-1, ZSM-35,
ZSM-11, ZSM-57, NU-87, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23, or a

combination thereof.

10. The method of claim 8, wherein the molecular sieve is EU-2, EU-11,
7ZBM-30, ZSM-48, ZSM-23, or a combination thereof.

11. The method of claim 8, wherein the molecular sieve is ZSM-48, ZSM-

23, or a combination thereof.
12. The method of claim 8, wherein the molecular sieve is ZSM-48.

13. The method of claim 1, wherein the metal oxide, refractory binder has

a surface area of 100 m*/g or less.

14. The method of claim 1, wherein the metal oxide, refractory binder has



7. The nethod of claim1l1l, wherein the hydrotreated feedstock is cascaded

W t hout separation to the hydrocracking step. 8. The nethod of claim
1, wherein the dewaxi ng catal yst conprises a nol ecul ar sieve having a

Si 02: Al 203 ratio of 200:1 to 30:1 and conprises fromO0.1 w%to 3.33 wt%
framewor k Al 203 content. 9. The nethod of claim8, wherein the

nol ecul ar sieve is EU-1, ZSM 35, ZSM 1k¢.ZSM 57, NU-87, ZSM 22, EU- 2,
EU-11, ZBM 30, ZSM 48, ZSM 23, or a conbi nati on thereof. 10. The

met hod of elsaifagegareapicilemivgtondesaol ecul ar sieve is EU-2, EU-11, ZBM 30,

ZSM 48, ZSM 23, or a conbination thereof 11. The method of claimS8§,
wherein the nol ecul ar sieve is ZSM 48, ZSM23, or a conbination thereof

12. The method qf. cl ghenSethaher @hit | ehéreinafiel htlal DixRieerdfsicbpVbitBer has 13.
The nmethod of claim1, wherein the netal oxide, refractory binder has a

surface ar @sugtcelyen oigfynge ordess. - 36 - a surface area of 80 n2/g or

| ess. 15. The nmethod of claim1l, wherein the netal oxide, refractory
bi nder has a surface area of 70 n2/g or |ess. 16. The method of claim
1, wherein the netal Theinkghod ef claih At whdichtléte mstab bkide arefiabtong bamdet ist ani a,
zirconia, or silica-alumna. ,&7. The nethod of claim1, wherein the
metal oxi d&lich-elpaiRpditgnig; Herepiss oF 1 Hea-2lugisk i ses a second netal oxi de,
refractory binder different fromthe first nmetal oxide, refractory binder.
18. The method of claim 17, wherein the second netal oxide is an silica,
alum na, titani 7. zi Tbomethodpf sidiinc - aherwiméhe metal oxid®, rdfnectonyt bioderof

claim1, er,ein the dewaxi ng catal yst ingcludes, from.Q.1 5 % pl ati num
50° The' motRLGT GPIBTAFY et Ol Rt Seis. 1o ey Subf ot st dren the, Bt aps
occur in angtdlekRlc! @AGEOFy binder. 21. The method of claim1, wherein the

hydr ocracki ng and dewaxi ng steps occur in two or nore reactors in series.
22. The nmethod of claim2, wherein the hydrocracking, dewaxing and second

hydrotreating steps QREUf.ildy & Cﬁ!&uﬂglli WiaEh%e second metal oxide is an silica,

alumina, titania, zirconia, or silica-alumina.

19.  The method of claim 1, wherein the dewaxing catalyst includes from

0.1 to 5 wt% platinum.

20.  The method of claim 1, wherein the hydrocracking and dewaxing steps

occur in a single reactor.

21. The method of claim 1, wherein the hydrocracking and dewaxing steps

occur in two or more reactors in series.

22. The method of claim 2, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in a single reactor.

23. The method of claim 2, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in two or more reactors in series.

24, The method of claim 2, wherein the first hydrotreating, hydrocracking,

dewaxing, and second hydrotreating steps occur in a single reactor.



23. The nethod of claim 2, wherein the hydrocracki ng, dewaxi ng and second

hydrotreating steps occur in two or nore reactors in series. 24. The
nmet hod of claim 2, wherein the first hydrotreating, hydrocracking,
dewaxi ng, and second hydrotreating steps occur in a single reactor. -37-

25. The nmethod of claim2, wherein the first hydrotreating, hydrocracking,
dewaxi ng, and second hydrotreating stegy.occur in two or nore reactors in
seri es. 26. A nmethod for producing a diesel fuel, and a |ubricant

basest ock, conpPsi ngthe method of claim gowmhereinithe figst hydnotreatingt bpidoeradsingck and

a hydrogen cont.ai ni as .w.th a.hydrocracki catal yst under effective
v o6 sckiRgt e RER e R SR SeREat Rt W et ei n 1 he
hydrotreated feedstock is a vacuumgas oil, wherein prior to
the contacting step, the effluent fromthe hydrotreating step is fed to at
| east one hi gh pPessuy endflegshiar produsingepahiesck futle agd st dutyiceat bpgsstosk, t he
hydrotreat%gmﬁgghgent fromthe liquid portion of the hydrotreated effluent,
wherein the entire hydrocracked effluent is cascaded, w thout separation,
to a catal ytic dewaxicogtagirgge, hydndreated feedstock amtewalkydiggdnheorgaihlngegas

hydrocracked effluent under effective catal ytic dewaxi ng. conditions,
wher ein t h&" _Y%eeraf%fl%Pa@ﬁﬁm o e da?faa%g%%@ﬁmsﬁe PRHCEG t he
dewaxi ng Sha@Bclatk &ALET, WAGBinkRORyRBHEAYG Wed 9tk 196 vauhfny BaLll the

hydrotreated feedstock basis, wherein the hydrocracking cafal yst includes a
zeolite Y based cat amstein pnek to the contacting stehetheieffluehefrdmvthx hydrogedtalgy st

i ncl udes at, | east, one uni di sional, 10-nmepber rin ore zeol.ite, at | east
one G oup. VPP ftleS Reledhans FEp n S s septPolly biapaels H BRoHEbaTobRr B,
refract oryhdro@edted éfflilent from the liquid PHEIOE oA tHe 1 detRMMEdRGGRE 2l ySt conpri ses
a mcropore surface area to total surface area of greater than or equal to

25% the total surfac@hgicén bquantret dydimsragled aglélugnteds ofaseadedexwithpull .
2011 P Mgk SRR IR SHIET L, 27 T8, L0 el
H2S and optional |y odgeaiicg shd khfice hydrocrad@d difieemetikd «fectlaicaaBicwher ei n
the hydrot aeevggx?lgg cec];lIdlitlij(?ng:[ w%];}e(ianr the combined total sulfur in liquid and gaseous forms
fed to the dewaxing stage is greater than 1000 ppm by weight of sulfur on the
hydrotreated feedstock basis,
wherein the hydrocracking catalyst includes a zeolite Y based catalyst,
and
wherein the dewaxing catalyst includes at least one unidimensional,
10-member ring pore zeolite, at least one Group VIII metal, and at least one low
surface area, metal oxide, refractory binder, and
wherein the dewaxing catalyst comprises a micropore surface area to

total surface area of greater than or equal to 25% the total surface area equals to the

surface area of the external zeolite plus the surface area of the binder.

27. The method of claim 26 wherein the hydrotreated effluent after

separation includes dissolved H,S and optionally organic sulfur.

28. The method of claim 26 wherein the hydrotreated effluent after

separation is recombined with a hydrogen containing gas.



separation is reconbined with a hydrogen containing gas. - 38 - 29.
The nmet hod of claim 28 wherein the hydrogen containing gas includes H2S.
30. The nethod of claim 26 wherein the hydrogen gas is chosen froma
hydrotreated gas effluent, a clean hydrogen gas, a recycle gas and

conbi nati ons thereof 31. The nethod of claim 26, further conprising
hydrotreating the entire hydrotreated, 3gydrocracked, dewaxed effluent under
effective hydrotreati ng conditions. 32. The nethod of claim 31,

further conprisi2fg fﬂ&@ﬂnﬁh@ioﬁ@amh%S@ﬁ@ﬁmeﬂﬁﬂﬂﬁﬁmﬁ@@@@@nnmyg%ocdad%ed
dewaxed, a hydrotreated effluent to produce at |east a | ubricant
basestock Eg§tion; and further dewaxing the |[ubricant basestock portion.
33. The nethod of claim 32, wherein the further dewaxing the |ubricant
basestock portion conprises at | east one of solvent dewaxing the |ubricant
basest ock porti A andhermethedp{¢l a@ﬁl%@Wb@mﬁhﬁ@mﬁ&enﬁww sepfE@B taoc k

por tion. drotreé’té %Ep%hy rﬁ?og & eia;?d H%ﬁ:?hzgasvwhege%?glet 5%3;%/ IRt E&‘EB ngg&@sxed

| ubri cant sestoc f 1N s effe PRI Sh I'ng

condi t i ons tlenebft hen vacuum stri pped. 35. The nethod of claim 26,
wherein the dewaxi ng catal yst conprises a nol ecul ar sieve having a

Si 02: Al 203 ratio of 200:1 to 30:1 and conprises fromO0.1 wt%to 3.33 W%

framework Al 2033¢ont q*HE ‘method of cﬁﬁn 2%“%1@1?&%%%9&1% l%ld?béém ﬁé %hﬁret he
mol ecul ar sieve is EU-1, ZSM 35, ZSM 11, ZSM

EU- 11, ZBNVhgdotrZsnd, 481ydmd&8d cxievaixcab meffhent onndldnereéfyﬁtlve— Bgdrotreatlng ' 37.
The nethod of cla|n135 wherein the nol ecular sieve is EU-2, EU- 11, ZBM 30,
ZSM 48, ZSKR Iﬁ%t Br a conbi nation thereof. 38. The nethod of claim 35,
wherein the nol ecul ar sieve is ZSM 48,

32.  The method of claim 31, further comprising fractionating the entire
hydrotreated, hydrocracked, dewaxed, and hydrotreated effluent to produce at least a

[ubricant basestock portion; and further dewaxing the lubricant basestock portion.

33.  The method of claim 32, wherein the further dewaxing the lubricant
basestock portion comprises at least one of solvent dewaxing the lubricant basestock

portion and/or catalytically dewaxing the lubricant basestock portion.

34, The method of claim 32, wherein the further dewaxed lubricant
basestock is hydrofinished under effective hydrofinishing conditions and then vacuum

stripped.

35. The method of claim 26, wherein the dewaxing catalyst comprises a
molecular sieve having a SiO;:Al,O5 ratio of 200:1 to 30:1 and comprises from 0.1

wt% to 3.33 wt% framework Al,Os content.

36. The method of claim 35, wherein the molecular sieve is EU-1, ZSM-
35, ZSM-11, ZSM-57, NU-87, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48, ZSM-23,

or a combination thereof.



ZSM 23, or a conbination thereof. 39. The nethod of claim 35, wherein
the nol ecul ar sieve is ZSM 48. 40. The nethod of claim 26, wherein
the netal oxide, refractory binder has a surface area of 100 n2/g or |ess.
41. The nethod of claim 26, wherein the nmetal oxide, refractory binder has

a surface area of 80 n2/g or |ess. 42. The nethod of claim 26,
wherein the netal oxide, refractory bi.nder has a surface area of 70 nR/g or
| ess. 43. The nethod of claim 26, wherein the nmetal oxide, refractory

bi nder is silicd/- al Uhenegthed elglpim 3%iwheseindhe polosilar sigvaisulfiia EU-11, 44,
The net hod ,0fy (Glal, &\ 28 MBI L. ?nﬁg%t%lntﬁéljeg)e’ refractory binder further
conpri ses a séconhd netdl oxide, refractory binder different fromthe first
net al oxide, refractory binder. 45. The nethod of claim 44, wherein

the second netal oxide, refractory binder is silica, alumna, titania,
zirconia, or siPPca-dbanmeigod of claim 48, whegeingha, siplesula| sevp 3625Khd8ei n t he

dewaxi ng cakfi ¥storiNG iohPR&E 1 to 5 wt%plati num 47. The
nmet hod of chlim’Zog,a erellr(l) tﬁe (ﬁydrocracki ng and dewaxi ng steps occur in a
single reactor. - 40 - 48. The nethod of claim 26, wherein the

hydrocracking a%i. de%é ImQ: osdto%%?air%% l,J(zvhlerre]tir}t e n%lecql?arr%iervg?sckgl(/ls-@.n Sertes.

40. The method of claim 26, wherein the metal oxide, refractory binder has

a surface area of 100 m?/g or less.

41. The method of claim 26, wherein the metal oxide, refractory binder has

a surface area of 80 m*/g or less.

42, The method of claim 26, wherein the metal oxide, refractory binder has

a surface area of 70 m%/g or less.

43, The method of claim 26, wherein the metal oxide, refractory binder is

silica, alumina, titania, zirconia, or silica-alumina.

44, The method of claim 26, wherein the metal oxide, refractory binder
further comprises a second metal oxide, refractory binder different from the first

metal oxide, refractory binder.

45.  The method of claim 44, wherein the second metal oxide, refractory

binder is silica, alumina, titania, zirconia, or silica-alumina.

46. The method of claim 26, wherein the dewaxing catalyst includes from

0.1 to 5 wt% platinum.

47. The method of claim 26, wherein the hydrocracking and dewaxing

steps occur in a single reactor.



49. The nethod of claim 31, wherein the hydrocracki ng, dewaxi ng and second

hydrotreating steps occur in a single reactor. 50. The net hod of
claim 31, wherein the hydrocracking, dewaxi ng and second hydrotreating
steps occur in two or nore reactors in series. 51. The nethod of

claim 31, wherein the first hydrotreating, hydrocracki ng, dewaxing, and
second hydrotreating steps occur in twaQer nore reactors in series.

48.  The method of claim 26, wherein the hydrocracking and dewaxing

steps occur in two or more reactors in series.

49.  The method of claim 31, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in a single reactor.

50.  The method of claim 31, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in two or more reactors in series.

51. The method of claim 31, wherein the first hydrotreating,
hydrocracking, dewaxing, and second hydrotreating steps occur in two or more

reactors in series.



