WO 2010/ 077352PCT/ US2009/ 006738 - 1 | NTEGRATED HYDROCRACKI NG AND DEWAXI NG
OF HYDROCARBONS FI ELD [0001] This disclosure provides a catalyst and a

met hod ofwobrgrzaseh a catal yst for processing of sul furcarueaw/ 0oé78s ogen
content feedstocks to produce naphtha flels, diesel fuels and lubricating
oi | basest ocks. BACKGROUND [ 0002] Hydr ocracki ng of hydrocarbon feedstocks is
often used to convert |ower val ue hydrocarbon fractions, into higher val ue
products, such as convepgirgg PA TS HYDRISCRIACK MG ANggdst ocks to diesel
fuel and lubricants. Typrtghg/ T SEAEBD henes can i nclude an
initial hydrotreatnent step ; a post

hydr otreat ment step. After these steps, the effluent can be fractionated to
separate out a desired diesel fuel and/or lubricant oil basestock.

[ 0003] OneFnELPod of classifying lubricating oil basestocks is that used by
the American PetroleumlInstitute (APlI). APl Goup Il basestocks have a
saturates content of 90 wt % or greater, a_sulfur conten @(%f not m)lileat han

0.03 wt % HWI1A v Fhisadisclashem peoviggs 3 eatalysiand aomeipgd Glopgng) juc

basest ocks are, the sane as oup- |1 sestocks ex t \V/ t
east 1200 ANGH JEESEOCERBReok auuh endRE BiHRER, SRER [ssBlockd Soyhradip)

sui tabl e t 4i0 19, 1e (SN ublic At ST1YMBedtbékPasest ocks from an
appropri a{lgﬁl}tgé i Fo%lgéﬁ %{%g way 'Po 1icml)rove th% yield of a desired product
is to use catalytic dewaxing to nodify heavier nolecules. Unfortunately,
conventi o&ﬂm&or produci ng | ow pour point or |ow cloud point diesel
fuel and/ oi | basestock are hindered due to differing
sensitivities for the catalysts involved in the various stages. This limts

the sel ecgoovgof f BgefodMitIGRg 26 2 hpaFatber IfYedstbdkablse ofté® used to convert
2010/ 077352PCT/ US2009/ 006738 2 for use in form ng dewaxed di esel and/or

Group || Hwérn giee hydsesrbok fractians oo dnghemedlup poedusts, rpcht asecarmesdiont s
used for the hydroprocessin n ydrocrackin f the ,qi| .fracti of ten
have a rePhtYagHIR BAgH! dNégQS.‘Jgeg pClH e aich n?‘?ls%qﬂén%ﬂ ur %ndplcatl

ni trogen. . B kEast I ar,..C | yti [ er from
a low tol g}’%rﬁ%g&?%ﬁg Crg?l(ftgc;nf ﬁéﬁ%@eé .Idr’?npg{rcﬁ%%!aglr ﬂﬁﬁ’gf\;ﬂ%;}%ﬁ%ﬁg%ﬂgﬁ 353%6% élajt

are sel e%y&%cmlmpg %P,chﬁwalpjoghhyax%ln«éatrﬁémcbta@eAfaai»dhésegmep@,eh@lafﬂamt hi gh
VI lube oil and are intended to operate primarily by isonerization are

t ypi cal | ycapitiee fimetionatedetot sepdrateawntire desiredi| diesel atvet] canddor dubreecantr @i ent

in afeed., If contam nants are present, the activity, distillate

sel ectivi b@/seamkr ubricating oil yield of the dewaxing catalyst will be
reduced. 100051To accommpdate the differing tol erances of the catalysts, a

catal yti C[0003] One method of classifying lubricating oil basestocks is that used by

the American Petroleum Institute (API). API Group II basestocks have a saturates
content of 90 wt % or greater, a sulfur content of not more than 0.03 wt% and a
VI greater than 80 but less than 120. API Group III basestocks are the same as
Group II 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

111 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



dewaxi ng step is often segregated from ot her hydroprocessing steps. In
addition to requiring a separate reactor for the catalytic dewaxing, this
segregat iwo 208I735es costly facilities and is inconveni @0T/t82000006IBEt at es
the order of steps in the hydroprocessiAg sequence. SUMMARY 100061l n an
enbodi nent, a nethod is provided for producing a naphtha fuel, a diesel
fuel, and a lubricant basestock, including: contacting a hydrotreated

f eedst ock . y@&ggg N} 0 it P Chiahki BasERddbEdsy Stinunder
effecti vef yg?%éfr}ac I ngé]c(%gvl tPoggg%log%%udgre&g]gg?ocrgacked ef fl uent,
cascadi ngcoieeritnal epfosdssiapaced @itdlystentused foouthes dpairapiosessing and
catal yti c dewaxi ng stage, and dewaxi the entire hydrocracked effl uent
under ~ ef f bydiogeackangl of itee cml/vafxacrtg)rba%tﬁnt ihevie , a welatiziely tHghctaleranes %05t al

T onch g SR SuRer B it L SLAE E QaPle
whereln  RewBYMCRURAN) B9CATRAIN S 100 HotaRcd 8 CohfafiNaRds oth GAtAtUIaY,, and
e de atalys

wherein t I'ng I ncl udes at | east one non-deal um nat ed,

uni di mensigewakin 1@&15713@@%% hftgsdlectevez Rl produciag Highstieldsef di€el and high
2010/ 077352PCT/ US2009/ 006738 -3 G oup VIII netal, and at |east one | ow
surface ayidds amd higho¥il debe pdfanslcareriptebidadée opprOO Primardy ynispRwrization
enbodi ment, a net ggd i s praovided t;lor Iﬁ‘g‘?ductigg a na(phth fuel, a d{ esel
fuel , and@ PssalbaApite SEBSHIBELC hEAMRKHPT SHATRY R DHToRA BISSEat Eha

f eedst ock I C L0 Wt Ny r 1;;1%1 under
ef fecti vef(%&gr@&g}égﬁ?ﬁéﬂgong!tp?%gcyr?g’g[glg%gpsgqégtgﬁgn%%ds% g%:?fé}g e %Eﬁ’ﬁ%ﬁ%g
wher ei n ppjiGlieldbftthe deRakasd 4talyst @Rl behedeédd. uent from the hydrotreating
step is fedto at | east one high pressure separator to separate the gaseous

portion of the hydrotreated effluent fromthe liquid portion of the
hydr ot r ea{@054f f | untaccntemedatetthe differing thledanses afikide eatalysione qagalytic

cascaded, W thout separation, to a, catal yti ¢ dewaxi ng.stage, d Xi ng
the ent i 1 BOWQHIMBCHER kb @ TiERreREREatsHh oM el hyFaPTosEsyige & pae\?ég&?fffﬁ%n
condi tion . o] i Il L gl f.orns
fed to tnd HANKIFLS Lpasie Meldc Moy Subb i BB AR O
the hydrotsRpt gdciligied SamF ks biagbfiveiBer @k nitt Brtdiysiriber eeler ngf s&dpal Jistthe
includes a zéolite Y based catal yst, and wherein the dewaxi ng catal yst

i ncl udes hydtopastesome seqneniEal um nat ed, uni di nensi onal, 10-nmenber ring pore
zeolite, at least one Goup VIIl netal, and at |east one | ow surface area,
net al oxide, refractory binder. [0008]In yet another enbodi nent, a mnethod
is provi dSUNIMARKOduci ng a naphtha fuel, a diesel fuel, and a |ubricant
basestock, 1 ncluding: contacting a hydrotreated feedstock and a hydrogen

cont ai ni ngﬂ(ﬁ%s with a hydrocracki ng catal yst under effective hydrocracking
condi tion I pr odlicen smbpdiment axagtherdsis pepvided det prAdvginge naphthaduel,

hydrocracked effluent. .w thout separation,.t catal ytj.c dewaxi ng_stage,
and dewaxlan%‘e?‘ﬂe + pg ﬁQb‘BBE?%tCB%eSi?C%’ u‘@ﬁﬁl ef® %‘F Bgi%g%éfé?tg?@?&c
dewaxi n o) jont } a i [aTEY

gaseousgf %%@gi({de(d&?% amgaﬁg&gx%(&g?g eréea ?s‘;vg?legt r r?ﬁgﬁk{% Ogg%z))%t g{/}mv%i ght
of sul f ur effsctiviehddicedokédg eondiciods tto prodass s hydiwraiked éfflueyitroascatiig ng

catal yst includes a zeolite Y based catal yst, and wherein the dewaxing
cat al yst thagmoebydragsdrdreifiogotorthatagparation; ki gaedytie dewaxngstase,

non- deal um nat ed, . unj. di nmensi,onal 0- er ri re.zeolite and at. | east

oo Gr oupabd At e BR8 poAradmeed BTy hder Slhdir el s S dne e
rovi ded . L Da. esef; .k I L

basest ook Pl heif REEdibincd Ko SIRERCHalloing Beols foLTETe o,

cont ai ni ngheg@Aswaiking atigedriocgreater nthapatl80Psppundsr vedighetafveulidracrtheki ng

conditions to produce a hydrocracked effluent, wherein prior to the

cont act i npyémogsatadh deedstocke hasfs; owhereen hihgr bydeaoracigngt eqgalyst fiagludss a@

| east one high pressure separator, ta sepayate.the seau ortion of the
hydr ot rea?g&ﬂﬁfflbﬂé C?V‘Bfﬂ%t Mheteig tgg SV TE C?%Z“MH&BBF%&% gﬁsgf’?? uent ,
wherein the entjr I Q% i&E4 uent, ol ' ut . SRR’ ghé on,
o a cat al gt Cn ey O R o oo PR Fite, O ot 8RS8

ef fl uent under effective catal ytic dewaxi ng conditions, wherein the
conbined total sulfur in liquid and gaseous forns fed to the dewaxi ng stage
is greater than 1000 ppm by wei ght of sulfur on the hydrotreated feedstock
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 nensi onal, 10-nenber ring pore zeolite, and at | east
one Goup VIIl netal. BRI EF DESCRI PTI ON OF THE DRAW NGS



[0010]Figure 1 is a plot of total liquid product (TLP) pour point versus
650 F+ conversion. [00l11]Figure 2 is a plot of distillate yield versus 650
F+ converwoanio/q7@322] Figure 3 is a plot of naphtha yi el @#CYassews/ 06668 F+
conversion. [0013]Figure 4 is a plot of3Fube pour point versus 700 F+
conversion. WD 2010/ 077352PCT/ US2009/ 006738 5 cascade" process enbodi nent
of the present disclosure for producing a dewaxed distillate / diesel fuel
and a | ubg G tVﬁ‘?srﬁéfa(chnd[é%olr]%]stF o T W sBHAWE ABa," hititslr SkRRS RF@btory
pressure separation” process enbodi nent of the present disclosure for
produci ngpmdéewaxed distillate / diesel fuel and a |ubricant basestock
DETAI LED DESCRI PTI ON [ 0016] Al l nunerical values within the detailed
description and the clainms herein are nodified by "aba

t" or .
"appr oxi nHGA" t hin jandarethed epehadimeahda traR@OﬁntSop&b‘ea%tf%éw@ﬁPﬁ’é‘ﬂt al
error and varjations that uld be expected b rson havi j nary
Ski 11 1 eHeRebyedipl TisbLon i Jarrsns BgaR e RtL AR ndric
provi ded ' uRy, 4 . apgfioa howrsdresidnand
| ow pour %?asrtoitnltéﬁgel?{e? ue?g&?ﬁgﬁ ?nﬁ%@ggﬁcgﬁgsﬁlﬁg:ck%‘esmggf ngal o? ther feg in a
sour envi ggaRBOtunddr seffisctBry ihfdroracking onaditionstocprddueet at hydroordvkadd
sul fur levels in liquid and gaseous forns is greater than 1000 ppm by
wei ght oneffheentywhoteie pried to dbdsootactipgsitep, thatedflyentcirgantha hydiotreatibg
present disclosure is also referred to as droi sonerization. The,.abildty
to perfor WPH%?@LE%‘T‘ gt e g rPéesisuFﬁ/%‘?p&fai}éﬁﬁq f‘%?t&{ﬁ? §asedys portion of
envi ronme | ..ad : e | d¥ieth ok oi |
fracti onsﬁ{e?vg&?@%&ﬁ@éﬁ%ﬁ%@e@%gggghq%ge%d}ggﬁdé{j%eﬂy? g&? ESe%&gti offpgﬁlgﬁ{ée for
cont am naftherdin theCestareadidactdcked difieay es dabcaed| wathdutesqpacatéss whaul d
be lower, as the ability to performdewaxing in a sour environment wll
reduce t heatahicpdewnxingestege.f and plevcessg e cnhiee Yiydrerragked gfduemianger

distillate_fuel production may be inproved, as the progcessi congiti.ons
will be seffeetivy C?F??Wé“et RIS ¢19 c‘é{bPr&H%,tHS & ’&&édp‘ﬁ?} SEHBE ' ng

diti I i t i . ) ts.
Theovt  of Tanl! FPatsdl, (BERSTHN Go the sl KB {6 YA fokio) GO pAMH DN S
yi el d maywleii{ther silfur o te@ h§drdiveatdd feakitdidk bdrgs, Whbrein the hydrocracking
2010/ 077352 / US2009/ 006738

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

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



6 di esel endpoi nt because the pour and/or cloud constraint on the diesel
product has been renoved. [0018] The i nventive process involves the use of a
dewaxi ng wetalyer3sgui t abl e for use in a sour environnmenPCrhisk@omeTds zi ng
conversion of higher boiling nol ecul es-#o naphtha and ot her |ess val uable
speci es. The dewaxing catalyst is used as part of an integrated process
including an initial hydrotreatnent of the feed, hydrocracking of the

hydr ot reap{%ﬁ'u &eh 1&%Menﬂoﬂide5ﬁﬁnﬁfa{éd;%ﬁﬁgﬁﬁé}{@iém, hydmestre king paed an
optional ftinal hydrotreatnent. Because the dewaxing catal yst is capable of
t ol er ati ngeglite @ut atMest oneeroupallil pfetdilhe above steps can be included in a
single reactor, thus avoiding the need for costly additional reactors and

ot her equi pment for performing this integrated process., [0019] The dewaxing
cat al yst sl(ﬁkﬁ&] acchr stilhyet another pmbediment, gracihed 1&@r%%1fiF8if9§/P%fUI}‘z9ﬁlga@e

| ati t [ I [ | ysts ,in th . of :
foeds. | nEREREoRELyE BFsichie Pad et teBetiOfn HRIEE, Fonkithnde
t ai ni t ' i b
et ght o ReopigRRE fecth RACTanY, {ERANORSh SYfichiting JasThiliE Ry Rani

4000 ppm bataWgst altidesf eedtiwe hydrodhckiagstorditiond tppprdaluceea ghydrotrakkdur .
The feed and hydrogen gas m xture can include greater than 1,000 ppm by
wei ght of e§lientyr wherei peior de the cootaspimgtstemethg rfflsents{ipm theohydrotreatipg

15, 000 ppm by [ ght of sulfur, or nore. In yet another, enbodi nent,. th

sul fur magieBus B EehISast s Bh Sresaye samiatdf bp SRAIEYhE Bapi Paiph
present djsc I I ar [ | e fEIQBRY Ned
sul fur i nIIISel ggﬁg{tgeﬁaéggzﬁ?%#néubeéﬁé{gI(Iﬁ'IIg @e@géi ﬁgq%ﬁ’ eI](?trrlé%ggtes per
mllion (RmeeiRytheeémite RYdiodeadiedr efffieat edl chsedisdpakitionsi sepaf4ii)] tbhas
advantage is achi eved by the use of a catalyst conprising a 10-nenber ring
pore, onecalahpitsdewakingestage cand dewraxingitho entire hydrocsackad £Hteend rundeset al
oxi de refractory binder, both of i.ch are selected to obtajn a high.ratio

of m cropBHECHYF cARMYHS dlewaxingcanditionss cwhereuy, they qambined, L sylidr Jng) j ¢ e

has a | ow.silj | ung rahi.Q. i : r i des a
motar v FRy EsduTonRs (B Bishd M ORIAKLABC 18 GRatE: aiddt 1O ppfREBYTES
Goup VI {yei@itadf sl 61 A Yyardareudd YeddstatRbbasigek Rbreitied dydidorackihg
dewaxi ng catal yst is a one-dinensional 10-nenber ring pore catalyst, such
as ZSM 48camlyZ8ihdaded A0ZD]iThEY dased rwatalgsty and ewberein slnel demwaxing cafadysé
surface area refer to one way of characteri, iqgg%he tqgﬁéps rface area of a

cat al yst . inphedes a8l lqast ©ngr BaR-dgalimpipated, Andimensionaln €€ 1888 HAFogen
por osi metr ata ysing.the T r surface area neasurenent. (See,
for exarrpIZ%O,11 ﬁo?fruﬁg%%?gﬁ%%%éﬁ?“ﬁm%%f%?m ., 52, 425 (1978).) The m cropore
surface area refers to surface area due to the unidi nensional pores of the
zeolite in t 1% ) eolite in a catalyst wll
cont ri but SRIELL \SIEZILA SN Fe—SHEFO area. The external surface area
can be due to either zeolite or binder within a catal yst. Feedstocks

B2 BT PE ATl s 0

f eedst ockg+i RglHEgo0l € and reduced petrol eum crudes, atnospheric and
vacuum r esi dua, propane deasphalted residua, e.g., brightstock, cycle oils,
FCC tower bottons, gas oils, including atnospheric and vacuum gas oils and
coker gas[00113, | i Bigurt @ ibaplyt of distillatetyeld varbusd6 5@ Fawoniergion.
distillates, hydrocrackates, hydrotreated oils, dewaxed oils, slack waxes,
Fi scher-Tropsch waxes, raffinates, and m xtures of these nmaterials. Typical
f eeds woul®i2icl udBigures ierael ef napitha ricdd yeeus 500 ¢RPVEESIEB: about 593C
(about 1100F) and usually in the range of about 350C to about 500C (about
660F to apout 935F). and, .in this se, the.proportj f diesel fuel

pr oduced I)@lédrres AN ﬂd??ﬁé?te%ﬁ .epIOHirtpPHI)t ‘I‘Rp/ﬂIsoI(IIIgaI%nﬁﬂ?V?ﬁmPeed

[ 0023] The primary purpose of hydrotreating is typically to reduce the

sul fur, [0014] Figure 5(a) shows a prior art system for producing a dewaxed

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



nitrogen, and aromatic content of a feed, and is not prinmarily concerned
with boiling point conversion of the feed. Hydrotreating conditions include
WO 2010/ OWBIBRBRCTISRS2009/ 006738 8 tenperat ures of 200C 260MTSEE09/006788
preferably 315-425C, pressures of 250--5600 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 200-10,000 scf/B (35.6

B/ 8- 17%&;6%@?@%{&65@%}%8%@%% 8Pl he Q&‘enf-ﬁ%{s@?ﬁu?@%@n@%c{ﬁy FRewakéd

n8/ nB) . I'ng C S are typica ose containing Goup VIB
nmetal s (bagefayy dibselfael &t & Idtidaat bakdstedked by Fi sher Scientific), and
non-noble G oup VIII netals, i.e., iron, cobalt and nickel and m xtures

thereof. These metals or mxtures of netals are typically presgnt as oxides
or sul fi dEI&h ref Fignror§ shomed aoxi‘Huestagsonigh MEsTUEe| PN o PFAEEsS

supports inclyde |o cidic oxid such as silica, alum na.qftLitani

pr ef er abl @PHWW&.O &@f%‘iﬁ?%‘& %‘F@sﬁﬂﬂ@sp@r@oa}}?lgg@ QF"L’YWE%&’%&@&% égd]é%rlma or
eta havin j rom50 to 200 A preferably 75 to 150 A a
surface arﬁleeg\éﬁé%%ﬁggg&?o%égéﬁ%/g, preferably 150 to 250 n2/g and a pore
volunme of fromO0.25 to 1.0 cnB/g, preferably 0.35 to 0.8 cn8/g. The
supports ar [ r ]Mnot ed with a hal ogen such as fluorine as
this gene ; idity of the support. [0024] Preferred netal
catal ysts include cobal t/nol ybdenum (1-10% Co as oxide, 10-40% Mo as oxi de)
ni ckel / mojoaggnum Al AQHeNcaBsaRek dgithikOtt0de@ledSdeR¥PEdNn Gind the claims

ni ckel /tungsten (1-10% N as oxide, 10-40% W as oxi de) on al um na.

Especi al | ereiretigr nedlified byi ‘Gdbout’ ot yhpieroximetel vl yhst ndicathd amluds-agudotak&kF- 848
or a stacked bed of KF-848 or KF-840 and. Nebgl a--2§1 [OOZQAAI %er natively,

t he hydr otnteaceounteapsripantalgrorand yamationstthat wapkl hs expested byshBFHaRi on
of stackeg beds g.f sugl? rt etg and bul k netal catalyst. By bulk netal, it is
nmeant t hat@Y'He a4y 188¢ dHsuppor t ed wherein the bul k catal yst
particles conprise 30-100 wt. % of at |east one Goup VIII non-noble netal
and at | egstrge® G oup VIB netal, based on the total weight of the bulk
catal yst particles, calculated as netal oxides and wherein the bul k

catal yst particles have a surface area of at |east 10 n2/g. It is
f urt her not017] ef er redatioeg ettbodimentsnatpriocessdis qrowidadntprcthe sirpduetion of

her ei j se_about 50 to about 100 wt% and . .
2010/ 0773 BBRERRBITOBO RO Gt cIoyst AP rla RosANKIS fusls BInEbIgED o
fat | el ne: ’ -
metal, oackaShR Fhidind e BT REy SolE RS, ARk PRFIMRR IZbE

oxi des. Thewdidh Me &ftalkOMBinddBsdngr [gvelspinVlifhidn@ind pabécisnRiralssiscaearasi | y
be determ ned VIB TEM EDX. [0026] Bul k catal yst conpositions conprising one

G oup VI | thanod080bppmmdtyalweight taw the obpdidtiBatast dbedsioek drasiser r €atalytic has

been found that in this case, the bulk catalyst parficles are .
of nt er | nGUPNNBEARC PRESENE RiscleSwre ds alsprBaTad A hy diossastpizatiana) Fh¢

oL g et ! . . we .
011 mon. AR obuirBoifh, Wl it doi0pfiBe™]  hilidiyBhofiih P d RoBF DO
3:1-1: 3. {hvitdiEns@s6ffels dctrab-sadvahtaget . UTher AemPer tandl eypdshesenitaili i of

course apply to the netals contained in the shell. If nore than one G oup
VI B net al frastiemntasanahlei fort peodessingc aaml s expandéd due, ta tbertal¢rancd fone
different Goup VIB.netals is .generally not critical,. The sane hol ds, when

more t hanCQHaMEpastp ivthe xing | semet e pxerallorostof (he pracess saoyldebe

| ybd d -
ol ybenuntirgat SRR R EARE Ry AR R, P b Bhient il reguce the
Pref er abl ylipfmeft aed¥l! forn?fbda;@bihg. et gﬁ@lﬂpfbrs 26bé)i Ailcpbr ARSHIte CRRAI t .
It is further preferred that the Goup VIB netal conprises a conbination of

nol ybdenuprogindtion myst be imPrafed; abthe procesimgtondisions will be selected to meet
ni ckel / mol ybdenum t ungst en and cohal t/[gl ybdenum tungst en_and
ni ckel / co@%ﬂllteﬂrﬁﬂ(’«?’(f Bt %%Q‘Esﬁdéﬁ’ée 888 PR §t9"&s>ﬁ6é’s" oid ﬂ}f‘r é’éli’?ﬁuf%lpgs

appear to,be,sint.er-resistan : h C{/k V. nf . t

o e pi ¢ a8 SRRk RFILE Gt TR 67 BUBERPUBT Ry sfBb o
oxi di ¢ CQH%P%%@&. ofinkl19, @R HRSBPRHIAIMAR fakther Bk incrdd38d WAt Meredsing the
conposi ti on has been sul fided, sdlfidic conpounds of the corresponding

nmetals. [0027]1t is also preferred that the bul k netal hydrotreating

catal ysts used herein have a surface area of at |east 50 n2/g and nore
preferably of at least 100 n2/g. It is also desired that the pore size
distribution of the bulk netal hydrotreating catal ysts be approxi mately the
same as the one of conventional hydrotreating catalysts. Mre in
particul ar, these bulk netal hydrotreating



WO 2010/ 077352PCT/ US2009/ 006738 - 10 - catal ysts have preferably a pore
vol unme of 0.05-5 m /g, nore preferably of 0.1-4 m /g, still nore preferably
of 0. 1-3 wb/2gieemaseost preferably 0.1-2 /g det er m ned POY/Us2e400.00638
adsorption. Preferably, pores smaller than 1 nmare not present.
Furthernore these bul k netal hydrotreating catal ysts preferably have a
medi an di aneter of at least 50 nm nore preferably at | east 100 nm and
pref er abl yiedef ediofin BRAuSORR: PERARMY BPERURI@iralHon G diedct prbditc: 380 pm
Even nore preferably, the n particle dianmeter lies in the range of
0. 1-50 m be¢h rembévgd.eferably in the range of 0.5-50 pm Hydrocracking
Process [0028] Hydr ocracki ng catal ysts typically contain sul fided base
metal s on acidic supports, such as anorphous silica al um na, ackjgg

Bﬁ fre

zeolites KHS8las U eua‘cﬁrmvmerecgﬁsummb/esm upe phasgewaxing catalyshsuit

m xed or bound with other neta S such.as a t s |Lica.
(00361 Theldty B, ih i P <oy BELRenf kTS Rt ARe MVePon; &f AR oifibk! °2
about 200 ro 3 Afd gsttio
about 500%‘%%‘8%)56 §ﬁ@%§at@%gﬂ%?nwg§)%ﬁ?gﬁs ﬁ(l)é;sr ?g%axvﬁggm tl esl of
from aboutisdll 8s Ipatt b aabiewdgraRdlprocesy ifgladingean timi¢iat hydsotrexteenofoffthom

about 35.6 nB/nB to about 1781 nB/nB8 (about 200 SCF/ B to about 10, 00
SCF/ B). Tfaside Aiydyocrackingsaf heshwdrotrratedofears dewaximgl of theeffluensdremihes in

sl gt o sBUdOBEBporgl (3 SpueRal st BFORRRG R SR s nt AOLPERY  22°
of from a@%;ynglécéﬁ b1d th ?@gléhttl /%go?f'gn\bi}‘ ﬁtn alll ?@fhega"o%\feaétagso&i n bgom

about 213 ou out 1200°SCF/ B to about 00 SCF/ B).

Dewaxi ng Richedsbin HQafid heaqrondhas avoiting ke hyed dor acitlynaddisionhkbreadtarsct | y
cascaded into a catalytic dewaxi ng reaction zone. Unlike a conventional
process, and sthsaiegnipsnentsor pauforming drswuegnaied Pgessor acki ng and catal ytic
dewaxi ng stages. Elimnation WD 2010/ 077352PCT/ US2009/ 006738 - 11 - of the

i h d
separ at | oPGISE, £oThE defiaind sfal SR Rt AC P Ldipge hewee FeBib8 urBFids n
catal ytic, &Mﬁ%?&ﬁarﬁégeg?el?ﬁ% tté‘grogé&?lg R Iaﬁg‘ﬁé‘;’rﬁ(l % 18 in P& pechehBe biFe

sane reactor Al 't er na I ¢ dewaxl Ng processes

may take ﬂllﬁnefwaissemrtaéecdrﬁaqt of sdewkxiimg, natguturt feedswalra;bneeentsa efeed| so
avoi ds any need to repressurize the feed. Instead, the effluent fromthe
hydr ocr acmrnglrsm&gtele@ahl%pmbNmm@m aftsubfuscetsa; ﬁgstperé)Qsmpré yaweighe of

Separat| ofIGH gb'r bEleaeis o B S g ret Al itin W e afs
that any tﬁhl lor' 41 160G éf(}aﬁﬁb ﬁﬁ%ﬁ/y%\ég: HIONMERY TheFedl |ahdsﬁ dr%% gag the

ef fl uent |s passed from racking step to the c

dewaxi ng siiefare Sapdidlude gedatérhraarigo®ld ppaiby weight dhsulfigest mord,her 5,000
hydrocracking step will be converted to H2S durl ng hydrotreating.

Si mi | ar | ypporpamiesghi ofr syt (i>rnmplﬁ@> ¢rebZ 0GP Ippnb dycwei D@Guif@r fmaeica In
Ho t hout t , the H2S d. NH3 f
hydr ot r ea¥“<? AP R P BT B ﬁ@rmf BERTeseB! imieczaoyr: theqialdionly
C -
stage. The bagk GlorapsSRREAH AIBhER, TR STRANSIBR! aANcfih s 488 51af CL

C4) forne g hydr i ng vv| e presen int uent. The

total Con@arﬁsﬂleatﬁlﬂﬂrr in" Bguidngnd S(Ibﬁﬁéltfbﬂgoﬁh@qﬁﬁﬁamﬂ Reide o pans peki qui d
form and gas phase ( hydro%gn sul may be greater than 1, 000 ppm by

wei ght, omildionl (pasy) t»; weightom thy Maérqmated)femistdckdwma 000 ppm by wei ght,
or at |east 10,000 ppm by wei ght, or at |east 20,000 ppm by weight, or at

| east 40, pm For th resent, di scl o ure hese sul.fur | evels
are defi nﬁ)@%}ﬁ ter lso?&f%ag f%lacﬁ%ﬁn the;) ysgr © f‘ﬁﬁ)f AHPYHEEt Br ns
fed to the Hé Hn @ drt-BRRESIBET Z8olitd Hpc&ﬂBmatmﬁ Weh®owRutfage
hydr otreate sto a5| S.

area metal ox1de refractory binder, both of which are selected to obtain a high

ratio of micropore surface area to total surface area. Alternatively, the zeolite has

a low silica to alumina ratio. The dewaxing catalyst further includes a metal



10032] El i m nation of a separation step between hydrocracking and catal ytic
dewaxing is enabled in part by the ability of a dewaxing catalyst to

mai nt ai n wataloyrraszactivity in the presence of el evat ed PCeEnsk@9mde7ss t r ogen
and sul fur. Conventional catalysts ofteA-require pre-treatment of a
feedstreamto reduce the sulfur content to | ess than a few hundred ppm By
contrast, hydrocarbon WO 2010/ 077352PCT/ US2009/ 006738 - 12 - feedstreans
cont ai ni n 2 f 1 epfeetdbte !y Groapevsigd
usi ng theﬂ?lg:x\@)gﬁ??técé&c%cﬁ%’t ééwhl ﬁg aa(r)lGer gg}/gggtn,egt’hg tot al_ﬁcorrbi ngd sul fur
cont ent i AobleCiithl arfttegaabliyothes detvaking bytdlyst éna ametdinransgpngdd Oame¢mber
hydrotreat ed feedstock can be at least 0.1 wt% or at least 0.2 wt% or at
| east 0. 4ringporocatalystemech a3. 55M-98 o6ZSM-33kast 1 wt% or at least 2 w%
or at least 4 wt% Sulfur content nmay be neasured by standard ASTM net hods

D2622. [0 In analternative_.enbodi nent i j e
separ at | omlép Wi ?ﬁ%@f‘{‘?fl?]l SPTRHS 50 ) thﬁngcrr%AJ%Oslerf’aﬁg %??P%%?\?éiﬁém t he
hydrotr eaWa@thf &ﬂﬁﬁﬁériﬂnghtﬂettofﬁ RLASSH bt H¥a thRlRedhesd saH@be afeas are
enbodi ment, “the high preSsure separation step allows for renoval of any gas
phase sul talcukmel Based 61 @gealysizoof Aitiopent porosiméiey dasewsisg ¢hé BERmmethiodever ,
because the separation is conducted at a pressure conparable to tE:e qrocess
pressure farsurfaserarda aegasurementor (Sepdfcexiarpleglehnsen, Mié' - les £ JQEnt-algl,|

still contai u [ amounts of dissolved sul fur. JFor a he
amount of %ga gggl@éégﬁul %F TYCTORRS Blt‘rg?cc?f aﬁ?srefglﬁ o SYffa eeﬁg‘%l %%?Q/pt% or
at | east . g I : i

east 5000 R TonaLpdtes oS fole RSB Ry, DN, Aol Pl
circul ati gataly@eRsillagshtible: wptlgapoeaon e thonur@oe edesnn d heoattemd] etirface any
nunber of ways. In the direct cascade, treat gas enters the hydrotreating
reactor aadtacan tHeedumioeeithor aegliteoer Rindeuwathemalsgtadytipr essor from hi gh
pressure flash druns at the back end of the hydrocracki ng and/ or dewaxi ng
section of. t nit. In the sinple flash configuration, treat gas can be
supplied I:—Eg—%zl‘iﬁl el to both the hydrotreating and the hydrocracki ng and/ or
dewaxi ng reactor in both once through or circulation node. In circulation
mode, ”kaoml]gas AanyRe Rdhed NbP hBGoKDNT My VEIRiRical Fhasiicl BagSBEr €
circuit preferably into the %ydrocrackl ng/ dewaxi ng reactor zone. In

ci rcul at i hpdropdlesesséd ih rezgbrdpmse nwjthbthes preséiite thwentionanSoéabler feadgtoavkber
suitable solution, to renove H2S and NH3. |In another form the treat gas
can be reingtudslwholesnd redueed pgtroleuse ciwdiss gtmasphsricapad yacppm resiinag

ef fl uent may be combi ned with an drogen cont ai ni S..includin ut
oot LT ¢ Brehege et egirﬁﬁlﬁ‘b‘ag%g%%?% oy 1 B bR sk AR el
[ 0035] Pre : ki } 14 ted e
eol 1165 PhbrpuA AN QB Baf ORP ARl BOKEP R AT 10 MRals

f eedst ockdishblagespinfledingl yawt hérgimt distilates arydzenhikatss, whiyltiratreated oils,

uni di mensi onal (Eote structure. Suitable catalysts include 10-nmenber ring
pore zeol dewaxed oils, slackuvaxesz Iselmer¢ bopsel rwaxast ¢3tfinagn, end pexiuses ofju- 87,

SAPC- 11, tnd ZSM 22, Pr ferr]gg teriu%is a]{uﬁ Elfl- 2, EU—HJ[L ZBM 30, ZSNt 48,

or zsw 23theseyngterials. . Lypigal feqds, oulghipcludg, Tor sxample,’ KAHHY 835 9%8m 23
‘ > el und i : 040 1

structur ebwlﬁ&b@ fde%]b&ﬁ 3g3-e! (BbRel @1 F9 &BE eqs{lglgg( Z‘?E‘F%F %e]ofté%o%?%b ¢

can sonetl mes erred to as SSZ-32. eves that are

i sost ruct 4y abowd $00°Ch@bano6E0TR e abalis 93 $1H) udrl, ThehR-dase NirelPropbtidiB of KZ- 1,
and NU- 23. [00361I n various enbodi nents, the catal ysts according to the

i nvent i ondfesek fuek prashicadés gorrespaindingly @geatar.i on conponent. The net al

hydr ogenati on conponent is typically a Goup VI and/or a Goup VIII netal.
Preferably,. .the e al _hydr nation conponent is a Goup VIII noble netal.
More pr ef , a 0 ogenation conponent is Pt, Pd, or a nmixture

t hereof. [0037] The netal hydrogenati on conponent may be added to the

cat al yst [(ngr]ly COTHE Pridikry P}PSse o%&%aﬁhglﬂ@t@éalﬂdfb RGuks ehé e I@hr,

hydr ogenat |1 on conponent is by I ncipient wetness. 'For éexanple, after

conbi ni ngniarcgeal iand aothaicbtouatent of e feahbamkds neolprireadlyd conesieed orth be
extruded into catal yst particles, Thesg catal yst particles_can thea ae
exposed t Boingo| RRINbN ceBYRraion net athsui teg8l e Hyisratregding: ueRditions ¢ dRGHEE vel v,
nmetal can be added to the catal yst by ion exchange, where a netal precursor
is added to a m xture of zeolite (or zeolite and binder) prior to
extrusion. [0038] The anbunt of netal 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 m%
or at least 0.3 wt% or at least 0.5 wt % based on catal yst. The anount of
nmetal in wbeonaraisgst can be 5 wt % or | ess based on cat aCy41S2000/00¢23% W % or
less, or 1 wt%or less, or 0.75 wt % or-Bess. For enbodi ments where the
metal is Pt, Pd, another WO 2010/077352PCT/US2009/006738 - 14 - Goup VIII
nobl e netal, or a conbination thereof, the anmount of netal is preferably

f 0.1 2 % I 2
or of er abl PpFaAtgts O GOOPCA TR o R picfatly (I3 A TS MR IR 7 2505,
used in pSQG@?ﬁ?(]@Q‘MP%WGMPhP@r inwegirbmamwm%etw?sg% vd.1hviealZo8T at i o

of silicato m na. For exanple, for ZSM 48, "t he rati] silicato
al uni na i MRa)e Ligwidi HeurlgrSieeel ¥skcitiean(I208V) ,0ofdd.2t Kk & t arahhydimgen tegat| ess
than 100:1, or |ess than ess {hap. 80;

90;1, or | 3/1.3 I n preferre%dagg?o jments,
the ratioraes 9if| 200 0D sei/Ba(3nA Be/mrdAdBomym ¢ dpenare Beeier 1, or
70:1 to 100Q: 40] The  de i,n at alys l..] i ng
SRR e B O S B A Ty g
dewaxi ng g@ﬁt%lr}iﬁ{; %ﬁ@dWB RELAE $622ACH T PetiBdidTablRypblighedab Fisher
fornmul ated using”a | ow surface area binder, a | ow surface area bl nder
r epr esent Scienbificdleandvidon-sotsler Geme afIER nedtalsDa.enPirgnocobas sindonickel madg or

l ess, or 70 nR/g or |less. [0041]Alternatively, the binder and the zeolite
particle siixeres éherepbctBaeseomgtaly iodemixtueasapl snetalst arcatigical he @ressnf §sof

m cropore suyface a to total surface area. |n dewaxn tal ysts .used
accor di ngO¥Wies her iSH{fEH%tSi i, * W&t(?ﬁycmf% r8x'§§r ?%%Oﬁ’ eaéﬁlgqbﬁgs%gga§sg)flgé
surface aEL‘ir‘;ﬂstfso[ﬂc}]&f‘e Al TRSHA08¢ SR &S Hlic CRLIIRS o Nithhi, PR¥RKABIY
catal yst. e total surtace corresponds to the mcropore surface area plus

t he exter gRimisd! f Peferdéd®aluriinas irsd®rous athrinat bach asagammandt ktanbaving
contribute to the mcropore surface area and will not significantly

i ncrease ah@ﬁgomlre suzes$ %mn H0eto 2320 Ah@r@f@ﬁdﬂ?smhtw h30 é‘xtaeﬁﬁﬁfllces?u”ﬁ@ if%n ar ﬁa
;n'e? ? gﬁﬁftﬁgﬁﬁga’@ B lea PrefstabY b i) g anect pets LBlpES of A at B2 8B e
Sorface al oy e BBl DS 8%m Tk ° T IAbort AR PRILALK nft FAROCE

or great ekyifthanhze¥en s\i6h 2851 PidFAABSZP s UReHwallPandidases iie -acidiey néahet e

and bi nder, conbining and nmulling the powders with added water to forma
m xture, amgpdrhen extruding the m xture to produce a bound catal yst of a
desired size. Extrusion aids can also be used to nodify the extrusion flow

ti th it d. bi 1 Xt A t of K
Bl unina 1 I o ERfenefapoin, Aot thade oona Byl 6l 30088 ooy, o
0.3to 1l 0% I t { ' '
more et al it A0st kg i o e R (s AR on >

per cent aggs ekideor nfokedtiidgten 6r-88%pNideoxide, 110e46¥aW ¥s gxielz) en dlinama. he
wei ght percentage of the higher surface area binder. [0044] Alternatively,
i f both mEspéciably pesferreddre mickebmmolyhdenumycathlpss such s deF 5400 KF-B48 ora

sufficientl ow, syrf rea, ro i ons, of each netal oxide in the
bi nder arésraé §dibﬁ§&f3§ﬁ‘tg. S\H{e[ﬂ{:t %}doﬁ%f"él%" al oxides are used to forma
bi nder, the two netal oxides can be incorporated into the catal yst by any
conveni en hod. | § mﬂg beafipees bt bndiiiEcZ8Rki L €
during fomra |]on o] Iﬁ‘?ﬁ%ﬁzeo ’i tg govvg{e}?, gﬁﬁlayss Sﬁri ng spray dryi ng%'f‘he
spray dri gfl azephbinetibh ndetagkeddesdscehsuppontedearntd el mietdl dabelystecBycbutiet al
oxi de bi nder prior to extrusion. _ -
metal, it is meant that the catalysts are unsupported wherein the bulk catalyst
particles comprise 30-100 wt. % of at least one Group VIII non-noble metal and at
least one Group VIB metal, based on the total weight of the bulk catalyst particles,
calculated as metal oxides and wherein the bulk catalyst particles have a surface

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



[ 0045] I n yet another enbodi nent, the dewaxing catalyst is self-bound and
does not contain a binder. [0046] Process conditions in the catalytic

dewaxi ng woneioaicdsade a tenperature of from 200 to 450CpcCprustb@vabd7gs 270 to
400C, a hydrogen partial pressure of fr®m 1.8 to 34.6 nPa (250 to 5000
psi), preferably 4.8 to 20.8 nPa, a liquid hourly space velocity of from
0.2 to 10 v/v/hr, preferably 0.5 to 3.0, and a hydrogen circul ation rate of

f 35.6 , / IVHI tnonSBéble
o/ s (1085 ¢ BESBDT SPP O {dbog BRI sl B 6B O et it

Post - Hydr pietslatndentledd Ofeé]JorpeV 1B ueethl, fiased dhehe etakveighs toddbe pastialeéssn be

optionally conducted to a final hydrotreatnent step. The c&ﬁhyst in.this
hydr ot r eatatenlatet apmesgl aadesheThemamnt o Sxoupel s apd vy ¥l Honepeble; ot

hydrotreat nent. The .reaction congdjt;] he second hydrotreat nent step
can al so B¥t ?I‘P?T‘QF‘SIEX) ?ﬂé‘%’h’&?(ﬁi\’iﬁﬁ%’{'m- first hydrotreatnent.
[ 0048] After the post-hydrotreatnent, various fractions of the effluent may

be sui tabjqiear uspuis AullASEbmpHekions Gorhpitingathe @RRAY AL ridawedisle, i1

some enbo the resulting ricant basestock may be only partially

dewaxed. hietslugll ®rHGadwEWIB, métald irer prpferees shit hgs ireyn eumbtas sathys case,
fractions desired for use as a |lubricant basestock. For exanp after. the

e,
post - hydr 8ter batkneatalyst particlesearef finigsimg-reastans. frhust thepatve %‘B%%?Fd‘%fﬁ?:@fa
di esel fuel portion and a.l.ubricant, basestock portion. T rj
basest oc kﬁﬁoBF{kpﬁatébﬁt tpﬁg‘hdﬁ% 135 ﬁ‘b?lgt?t‘%féfﬁl}nﬁgs _e\‘/e:ﬁ)le a‘gﬁgair i llr? g Bs{)ggﬂélrlp
anot her cgfgl ¥<%'@r II’P%ﬁgﬁ-‘Iﬁng RELRS éélg%et%ggbﬁaﬁu e$idred10110PQ0t lagg for

t he | ubricant basestock. ricant b k portion can then be

hydr of i ni phsferabiygl fivae 8UM . r indihetasPodaepse-helipiractired Partiz]e, theseeratios
enbodi nent, the effluent fromthe hydrotreating step can be directl

cascaded obcotmsetapphoty tekingtpls coptaimed iy theothedlad hsiare dhen pya r(é)‘&uﬁ’c%]ﬁg
tal yst be located i i ngl .0r . Thi t
hor of b o baantansy dadhe il hiayst kSl it B aFEREPRS b, he

other cat @’Ilﬁsrl%éta%ijs gé}?ergﬁg!n%? cBlicheaght Bmeansdiis i mboheé tRIr0GHE Grofp the

process nmay Snow | nprove I scositlies, viscosity ces, saturates

content, KQy AcHAEPRIMERI BY @%ﬂiéd. ek theadaat ivhdre esolgbdeniemamy tungbienrare The
reactors can al so be operated in any suitable catalyst-bed arrangenent

mode, f or peesanpaeGréux 8dBometals | the mpolybanuoy tuppsicatrpiig pelgrably Hinsgh thexed

e N ETHEN R A S M e G S

17 - and/or cobalt. It is further preferred that the Group VIB metal comprises a
combination of molybdenum and tungsten. Preferably, combinations of |
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear
to be sinter-resistant. Thus, the active surface area of the precipitate is maintained
during use. The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

[0027] It is also preferred that the bulk metal hydrotreating catalysts used
herein have a surface area of at least 50 m*/g and more preferably of at least 100
rhz/g. It is also desired that the pore size distribution of the bulk metal
hydrotreating catalysts be approximately the same as the one of conventional

hydrotreating catalysts. More in particular, these bulk metal hydrotreating



directly cascaded to the hydrocracking step, the conditions in the
hydrotreating step can be selected to match the conditions in the

hydr ocr ackoOregiost7e3s2 [ 0050] Figure 5 schematical ly shows @&Crarspemiosess bet ween
a conventional reaction system (Figurel9(-a)) and one reaction system
suitable for carrying out the present invention (Figure 5(b)). Figure 5(a)
shows a prior art reaction systemw th a conventional reactor for

per f or m gy 1 AKCKARS BEEiAB1Y 83kt 90tuhO BT1.63 Guint/cd idreshtenérabiyeopOlIOMi Ment
of an inventi've reaction systemfior performng the direct cascade process.
The i ni ti aill/ghestsll omordieprefarabby @, Lide nhlyglr atd embshrefarablyst. F-8r mkégovi ng
het er oat om contami nants froma feed. The feed is then exposed to

hydr ocr acé¢taymuedaby sitrogene adserptignwi Rieéerablyn thoreresimatier tanat m GHe N8f t er
hydrocracki ng, the effluent fr t he hydrocracki ng _step.i s _gxposed 10 a
dewaxi ng E@F%&/SFP”&FWW &?ﬁ‘? gﬂ%mﬁ?‘ggx(&&é‘iﬁ&ﬁf‘%gﬁﬁ%&ﬁﬁrprﬁﬁﬂxg@ﬁn‘g% S fe

ef fl uent t X] S i o] t ealire

cat al yst grafgéld |?r|ﬂ§%rggl bfrqgirtm%/eggt 3?) I?ll)g?erﬁggteo quﬁg%?o%s%tﬁgﬂ; gtbg undegl?(riabl e
ol efi ni ¢ pREEIaBEy nbPRRAE thar 3600 Qv elHd mded ppefiesablpmiot sudrenthan OP0catal yti c
dewaxi ng and/or catalytic isonerization is performed in a separate reactor.
This i s dBeen markereferablyotheemeilamapartaleadipmeterdias ipghe gaege of 0t1ha0 pm

het er oat om cont am nan &(s%ch as 1- bZ @IHS organi ¢ sul fur and/or organic
ni trogen)a@@ﬁl%épﬁ‘&e{?&’ inthe range of y§§ HMcker effluent. Thus, in a
conventional schene, a separation step is used to first decrease the anount
of the he . inlants. Because a distillation also needs to be
perfornedh%ip(zéggéglggg;rggér%gous cuts fromthe hydrocracker effluent, the
separation may be perfornmed at the sanme tinme as distillation, and therefore
prior to pasxi ng. Hiticcragdng ¢halyssonppivallyatuneaihysiilfidad bbasenmietals| es t hat
could be used in a diesel or |ube basestock cut are |left out. L0053 In the

di rect casodiesupponisi sl asodmprphavs siligagluming sgracking zgeligssi swghast@P¥st has
been incl ud bet ween th dr.ocracki.ng step, and the final hydrotreatment.
By using amgﬁﬁdi Urama. ¢ gqu’ahlesgaﬁcé(:h%%‘fppg i 71§ W Pﬁg’oéllnﬁpwn%\ogﬁer
2010/ 0773 JR2004 ‘= Y ihe, perforned on the entire effluent
fromthe %&%E%I ngoagfag%%l%%ganﬁgﬁglt at all nolecules present in the
hydr ocracki ng effluent are exposed to m|d dewaxing. This ml|d dewaxi ng

wi || nodi fo0290pe boThé hgdpsradking procegecan fvei carried entbetempdratired bbhiony

nol ecul es that woul d nornal | %(Eexit a distillation step as_bottons to be
conver t edabautl08Cupeabositido AT ehydrogen pressures elabrest abeut 23Ghpsigrtpyaboysne

L5 8 0 SRR R
separat edt ot QUBaL Lol 1 Raty FOgER (e BR TAES B R e o R O™, rount
of di esel 1280ASYm! EibGE 200 $SEEAS toakowh060 SCRIBYe Typicahs éal maktpassi ng on

the nature of the feedstock. [0054]In_Figure 5(1:%), the first hydrotreating
step, hydihecranditions wilkpave tamperetures in Hioweaes @Tabept A0 G e abeut 450°C,
hydrotreati step are perfornmed i sa react Qri alt .’ s t us to
o o e teRh e Sred Sh P ieabogt, S0F ST 7 OBE?HOQfPSr‘%e@?jﬁE@%%m d
be perfor i R r t A rogr i sit coul d
be perforﬂn@%)i }]qulgcg%rogxgl té}?ﬁgng&'{oﬁg%éuﬁgeque%boggﬁ)rb?gr\?fecag%?gv%% ngﬁ)%t ep
in a sepahpddgtRatdad gadi faberubf &ym edioat atlizom’ et weabothe 068ant/aec (abonit
Process Exanple 2 [00g55] In an alternative enbodi nent, the effluent fromthe
hydr ot r eat 20y SEFER te abobeoPAS SEH/Bhr ough a hi gh pressure separator to flash
of f H2S and NH3 before the subsequent hydrocracking step. This may be
referred fo hereipg as an "interstage hi gh-pressure separation” enbodi nent
(see Fi gub@"—vé-)‘!—n-gf-ﬁ@ge—ﬁﬁ erstage high pressure separation enbodi ment may
result in higher conversion in the downstream hydrocracki ng/ hydr ot r eat nent
reactor. @0@3016 6 ?ﬁ@@@d&%m IRONFIroBRCRIAOM {HRAL diféctBNcASRUEEd iN® a
reaction systemfor performng the i'nterstage high pressure separation
process. Eatglytie devendingraédationl zontepinlike a coomEngematprocessf no separation is
hydrotreating reactor 720 and a subsequent hi gh pressure separ ﬁti,on_devi ce.

In Fi gur ereguiredebeswern dhe hydrearackipg andheatahdicodewaring Stagase t FRmipetion
passed into at




WO 2010/ 077352PCT/ US2009/ 006738 - 19 - | east one high pressure separation
devi ce, such as the pair of high pressure separators 722 and 723. The hi gh
pressur e woparcatrsa devi ce di sengages t he gas phase por Prosedoonheasef f | uent
fromthe |iquid phase portion. The resullting effluent 734, which contains
di ssol ved H2S and possibly organic sulfur is then reconbined with a

hydr ogen cont ai ni ng gas. The hydrogen containing gas may contain H2S. The
conbi ned g XhHr Sedasath pgr n t Orwiific lrdgiradtd the

hydr ocr ac |%Hc§?daa??/tg}?%§¢ g@h?d&%ﬁ?@ﬁﬁ?ﬁ?&?ﬁgé?ﬁl uent frogn%t he

hydr ocr ackémgatséeptsel, aspaditidonalt dquipment é3 meeded. e Is eqreer fdrimgrtheccatialytior
servi ce dewaxi ng catal yst for isonerization. In one form _ the hydrocracking
catal yst dewaxing slegaxandy thaithyidyeeragking) slege carei loceted dmriBe rame seactane
effluent fromthe dewaxin t age ma hen be optional |y conducted to.a
Final - hydfUEreivebi DYATEpTachETE SR SHAE FRYBR U Poos e DAk ke Place if
fractiona h ts -' a??&@ . i r e

pr oduct SlEJ arzg[-sg géd(ra%p thaﬂ?&%éﬁggﬁg%t%?a? ue rrtgg eagsrdogggicﬁsggz geséde/lggi esel
cut, and gegreavrioe thelfeedadasiead kiheu¢ffluthe flonbthe aytirduasaahgstageocdr ba can
t hen be subjected to a sol vent dewaxi ng step or another catal ytic dewaxi ng
step in onuemtainedagthpecessiagipressuseoperthe edtlpent ishdelivased danthepdayetingk.
The | ubricant basestock portion can then be hydrofini shed and vacuum

stri pped. Stf8& hi gh pressure separation will renmove some gaseous sul fur and
nitrogen fromthe effluent, which is renoved as a sour gas stream 732 for
further t nt. eHaWE t i to

t he devvax[(fltgjtlg:E ageEclan %s{tt?l;ig Itﬁéggﬁl?%aﬁg)ﬁfsgﬁ) §§§nﬁ£f‘y‘§r§’§£§ﬁ% ailg(r}gﬁ ag mc by
wei ght  of déwhringCRsd hivads shitfany sufuriig thelfepddoghs hiydrawacking Reephwilt still eat ed
feedstock basis.” This partial reduction in the sulfur and nitrogen content
of the ef béueanthecafflientrtbet is ipassast ifiane ythanklydsoctackintg stepoto tthe apalsiie ng
catal yst, .as the dewaxjng catalyst will. be exposed to | es ever e .sour
envi r onmeAEWAABESEER n /%rpglrﬂ%‘i‘ Off()t}?‘?norgﬁ%‘ctﬁ}‘éﬁ‘(‘idpégﬁitﬁﬁd g%ttg‘l’ 3@ af %ﬁ?ﬁ?ﬂ%
dewaxi ng 2 ¢ 2 e 1 i di ate
separ at  ofteP arEbe PR erBRPCHy S Rulkihg 1RRRAEk . CREh ARy MednOui e eh TR

hydr ocr aclgdfeetif WHEBE doRYeREd té ansRohiae dHoWeves 8w thduihy depiracioh ey, the

catal yst for additional renoval of WD 2010/077352PCT/US2009/ 006738 - 20 -
het er oat ohisS aardl ™NH s dormed eduninge biydaisteatiogewilhitcavsp evitk stheheffhieobhol the

hydrotreating step may be located within the sane reactor as_ the .
hydr ocr ack3tAytE "H@%ﬁﬁisﬁ%ﬂesfgb%?%ﬁk ?r€9 sgRaratioy signalsqrmaeapsiiet apy dight

reactor. After,thef{nal r . . f S

separ at edg?slr?_? cgd\}a_r F%LE%QSBI?BQE}\%@%&%%%%?% 1.II gﬁlégofg fgrhég gﬁtcilgnthlte_nc tljlgrét for.
exanpl e, qhbitefal @oniBiféd sMHRr FFRAURE HMebréftim PaRRidan Gth orgadienidgidf uel
type product such as a diesel cut, and a heavier |ube basestock cut. The

| ubri cant fdrasesd gak phasd (lomregen shiédeh enagubs godater thend ,600 ppnt byeveaghtag
step or another catalytic dewaxing step in order to aghi eve desire

propert i eQr fbleashel. V0B mpemhy sl swiat teast £ 90 pam: byayeighcRr BB&?@S&n can

005771 n BH00D iR BCw Bk 87 Bt TRl 20 BPG hinpT o Evelishe B AL ISH R BR0FpNE
cat al yst bgf%bléigﬁﬁ Fbpmseiﬂgﬂes%t"/eﬁfselo§u?e3, tHESD SUIRIFEIRRENS Ak WEHRd iR-tdrdd YFto 5

w % Pt, 20 o 30:1 2:Al203 ratio and at | east one | ow surface area,
ref ract or ghemettal caxbihedbsulfiar inMighidaasd rgaacforms efedoto He0deRAxgingr sthgs sn
1005810ne exanpl e _of a nol ecul ar sieve suitable for use in the clained

i nvent i onPards pevmalbion; (PR by weight po3dhe Aydepterated fepdstogk basE: pref erabl y
fromabout 70 to about 110. In the enbodi nents bel ow, ZSM 48 crystals w |

be descri ari ly in terms of "as- pzed" cr i ). |
contai n  H2bo0: ikl &F GoeRpons N, IHP s RErEEHolelfing shOTmantit
crystals, d%&ﬂngsis'\@niwédniﬁﬁf&rﬂ%)ﬁm@hBﬂlﬁy S a CRdwedxiBg el ysoto exdihgiged
crystals, such as Hform ZSM 48 c¢rystal s.” 100591The M 48 crystals after
renoval ofatahgicsactieityrinl thé rpesémg afecievated 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



have a particul ar norphol ogy and a nolar conposition according to the
general fornula: WO 2010/077352PCT/ US2009/ 006738 -21 - where nis from70
to 110, pwefereabir3s280 to 100, nore preferably 85 to 95. PCH/Usp@vloes73s
enbodinent, n is at least 70, or at |ealk- 80, or at |least 85. In yet

anot her enbodinent, n is 110 or less, or 100 or less, or 95 or less. In
still other enbodi nents, Si nmay be replaced by Ge and Al may be replaced by
G B Fereclsiredins Whiéinind AAPAD ThO. AR95YSH BETAE O ke @n BeMefifopvalgtal s
IS prepare roma mxture® having silica, alumna, base and hexanet hohi um
sal t direpiddegscasing the iavepibodatiwts. tleanmehtiodimeny the total udmbialed
directing agent:silica in the mxture is less than 0.05, or less than
0.025, or suléss content 0in0 2iguid rangh g@ab eformsb ofii the nhydrogen nePripiniag i gasofnd

t t | di ti si i in t I, Xt [ | t 0.01 t
enst 0. onsdrasicatad Theatocs cangre SricRri( | bt Hoft SRR NEE, Of NochB it

ast 0. opgiaeaiac fReasoch SHCL1 e et ERtIC? -
07025, *pr S E Y oo B LT 0 I R L R B S D &R o

of ZSM 48ggIfus tahenhafaydbSinehsiedbyitidare| A8 TMefnethals D262 110. In still
anot her enbodi ment, thé as-synthesized formof ZSM 48 crystals has a

silica:alumna nolar ratio of at |least 70, or at least 80, or at |east 85.
In yet an{033] enmbbuanalernative emmbedimentsa stapleoidashohighamesnire sgparationhas a
silica:alunmna, HD| ar ratio of 110 oF | ess ess.

, A
For any gPi¢EnWHReWLFEIDPIE s1ay Re nestaringdhes 3&%3@%&5&# %ggégh{hﬁgrg)ﬁ%épﬁgs,

the nol ar _¢ i1 i : i Lhi i i I i o0t
shoul'd berSiSTHR|hoR Yehibssu QA RLL, FRsull WCBRAAMC, 1RCh|dpRERRE.
nol ar rat k@smrtid@hitey didwerfeptrehicl t e anp! %’ﬂs pMak® ssudfurt @ad/oantisrogknt he
reaction mxture used to prepare the as-synthesized form This result may
occur duecomtaimoanmtp| 8t ¢he nganepus atfifbienof 1HHON6 G, thesanssdhansepasatiQhmds

ti ' into th tals f d (f th ti I, X1T .
| 006.1] TheComHaiE BbApUSIrG FOMP R UE4P dhe FYBFOR PratUEe 4G MR SR eA REur o

| TheCouMe! bmpderier Pa HBhfarP Sat _ 4
and di r ecbT iy defrplink, Sf BsCBitiverd 4 QP AR ML SR br Dase

react ant sdisgoeaGul@R. Aorlexampié Ve tdgodt dfayiksigvembalfur & tHesformV6Y H,S
2010/ 077352PCT/ US2009/ 006738 - 22 - Si 02: Al 203 (preferred) = 70 to 110 H20:

Si 02 = 1 tan b8t Gast 1800pm,Oorlattleast. FD0OpPmMSPOAt [qasel 800 egppm; oF. at4deass 0. 18
tenplate ; Si02 = 0.01 -0.05 tenplate: S Q2 referred) = 0.015 to 0.025
1006211 n 200 xBBWe oF at {egst SPUL vPRIRy 8% ableastyf (A WRIMf or " bot h the base:silica

ratio and the structure directing agent:silica ratio. The broader ranges
o1 L SSEY A0S PGS B IPAE0H] b e PARESIY SBaolpgshhes
si t uat i ongoptigirRdKRIV@ R IRAdhany@adber bf kaysDiphike diréci castalle, desitrgad, t he
preferred ranges shoul d be used.
enters the hydrotreating reactor and can be once through or circulated by
compressor from high pressure flash drums at the back end of the hydrocracking
and/or dewaxing section of the unit. In the simple flash configuration, treat gas
can be supplied in parallel to both the hydrotreating and the hydrocracking and/or
dewaxing reactor in both once through or circulation mode. In circulation mode,
make-up gas can be put into the unit anywhere in the high pressure circuit
preferably into the hydrocracking/dewaxing reactor zone. In circulation mode, the
treat gas may be scrubbed with amine, or any other suitable solution, to remove
H,S and NH;. In another form, the treat gas can be recycled without cleaning or

scrubbing. Alternately, the liquid effluent may be combined with any hydrogen

containing gas, including but not limited to H>S containing gas.



100631The silica source is preferably precipitated silica and is
commercially avail able from Degussa. Ot her silica sources include powdered
silica i mmbadiomg7iseeci pitated silica such as Zeosil (r) a&ou/us2émoes7gel s,
silicic acid colloidal silica such as-Uddox(r) or dissolved silica. In the
presence of a base, these other silica sources may formsilicates. The
alumna may be in the formof a soluble salt, preferably the sodium salt
and i s copymsti al | prevablablie Heqnk F 8t R cofdiRgT 1o thd ahlentariniaum
sources i W(H%ﬁe ot ree?é’x‘glbﬁ] num sal tgl%sééﬁn%s thg chl %ri de, al um num

al cohol at gsolites thatpatfeemadewaxiag puichardly aisomenlzimg adydpseartion dtestack. and
col l oi dal alum na. The base used to dissolve the netal oxide can be any

al kal i meMuirehydfesablye thg catabysibage zeelitemvoith gorridEnensiAYHr BRICHETUC NI um
hydr oxi de,, di.quat ernary. hydroxide and the |ike. The dirnecti agen, hs a
hexanet hoﬁP’tﬁ%quaﬂaltalé’ﬁféHnﬁg‘%ﬁeﬁdém o1 TiRe doth 25P 1S B?C%sémilhm# §

hydr oxi de,, The anign h _ehlQii ge) sagthd (be Rt PeMVaID onprebghd as
hydr oxi degornl rlgf]'tefa’ sza a?fe’, Z@?ﬁes(ﬁbhlgpi gZ’ gngl(tb he’% ke. Hexamet h{)ni um

di chl or i dgakéridts Mrdl NU. 2NN EN-1 hez®mt30,123Me4BexaresivaadonZSividisc i ardsde.

WO 2010/ 077352PCT/ US2009/ 006738 - 23 - [0064£I n an enbodi nent, the crystals
obt ai ned prefemredhe Dot Hbati @ zedvedhaving othehdSMranstrecturawelth ssilitfotdgy
that is free of fibrous norphol .. Fibrou r phol o is,not .desjred, as
thi's crysPaminsBleIdgornabent 204 e aaul 4 | Cal SRmTtigeS bE it farleh 0 2w as.
| n anot heggenppdi : I ' t Syt hss 16i ng
to the i noshtion Gays OENEEERARs YRR, DEPUERRY PRIHE AN Spaeape
needl e- | i kR Ay PR&LOYINUTTE FUDW) K 2f], ageNE-13. ke nor phol ogy present in the
ZSM 48 crystals can be 10%or less, or 5%or less, or 1%or less. In an
alternative enbodi nent, the ZSM 48 crystals can be free of needle-Iike

nor phol ogh0036dw anburvasions erebddimdrnitke the atadyss aacsopdiageta dbe fipvenbor
applicatigns as. needle-lik rystals.are believed reduce,the actjvity of
ZSM 48 foﬁmshﬁ%l aofneﬁéagt/%fm%m%n o%ﬂf%l?‘?fleél%deﬁlﬁea’ rBW&WO@ﬁ?aé‘?\n hi gh
purity, t i.Qs: Ihi CA: 103, e, gl | ecph.l

agent : si | chrgi;)?%é hlgot&ggd@{llb'o% (%}o)‘((ﬂ? yyg a&?@%r%??\ljghﬁ g\/g['fang !alrifp(r:gllse ?%Fl bltyhghe

I nvent | Onm%mlbﬂy‘ﬁréger@dfmrp&’&ﬂpoﬁéiﬁ' isi PEELLY, VIIl nablomesl. t Murefpregerably,
Kenyaite and/or frée of needle-like norphology is desired, the preferred
ranges shthel rdetad hydegzenp 006 Spifipenast syt RdsozethixSive digereolist al s shoul d be
at least partially dried prior to use or further treatnment. Drying nay be

recoml ot L) R Bk P R e R
I's perf or%%g tc%ﬂqgﬁieﬁﬁrrhhﬂerya%'ﬂéntggﬁﬁgg%gﬁa&%&ﬁ@%tﬁgpﬁfe%luﬁfaa | %/iaﬁ@nl ower

t han t hos at nospheric pressures ts are typic ound
with a bigslapoRéntTalbyi ?ﬁlcgﬁélﬂr%@ineﬁii Por eRampls, aPlendontbining 4 esbdlsteadiid 4 0
tenperatures of the Use desired and are attrition resistant. Binders may be
cat al yt i chindgr,athei cembinei nzeolitey @nd nbinder cam deoettendede vitp taagalysi paticles.

i nor gani C;H??teri al s such as cla nd metal oxides such as. al um na ilica,

titania, S_@o?ﬁté,yshlﬁ’&“é‘ilﬁ €an é%%ﬁ‘n a‘?XF@_SSQStOnaay?O 100, 6PRAINIRG & FHfab €and
mont mor i | rlngpe{lt §re§'ﬁcsﬁ)?‘.r e &R%{i%@, ! éeﬂa\fa&é@bdee 'adrE}g@ytom?lXe bceatggstg(iﬁ/d it h

ot her matérial u as ‘si ate er porous rex materi I'n

addi tion §@hahkkCwhateldhitas preehtde iPhddid & AixniBiEZedlife fdtciRolite and
silica-magnesia, silica-thoria, silica-zirconia, silica-beryllia and

si | i ca-tibiadeg msonteldxtasidrer nary WO 2010/ 077352PCT/ US2009/ 006738 - 24 -
mat eri al ssuchassi |l i ca- al um na- magnesi a, sili ca-al um na-thori aand '

sound zotBaHT archlr eiaualRsa el o TEeRebbbrmbe Rt 0-5o5% fivd on®
f ranevior ghivll -t hORE OLESUAB of ' AL B AR DRI ey BTAINGL iR 18sEO De
al nydr al ‘hydr

used with™a ogénat’i on conponent”. ogénati on conponent s
may be from @Gaups H tehdt Of5 e, RRist@ bt cdabyst. baEE hmduithef MdtACis thé em
having G oups 1 - 18, preferably G oups 6 and 8-10. Exanples of such netals
i ncl ude Necatalyst c@io be\ly wittq oClgss hasedkon ¢atalyst, Ra, 2. prvet>eraabless, Rr lowtigor

M xtures of hydrogenation netals na | so be used such as I NQ, Ni /M,

Ni / W and I89.mf, Oﬂge'f"g%a%'f {espy / .emﬁéggﬁ%@ﬁt‘”]&?mh@ﬂr‘ﬁﬁ@iéﬁ (Snygre?’é‘i)thSF
netals may range from0.1 to 5 w% based on catalyst. In an enbodi nent,
the amount of metal or netals is at least 0.1 wt% or at least 0.25 wt% or
at least 0.5 % or at least 0.6 w% or at least 0.75 w% or at |east
0.9 W% I n another enbodi nent, the amount of nmetal or nmetals is 5 w % or
|l ess, or 4 ww%or less, or 3 ww%or less, or 2 ww%or less, or 1 w% or

| ess. Methods of |oading netal onto ZSM 48 catal yst are well known and

i nclude, for exanple, inpregnation of ZSM 48 catalyst with a netal salt of

o o o, o o " g, —— — N A T .



enbodi nents have a relatively low silica:alumna ratio. This |ower
silica:alumna ratio neans that the present catalysts are nore acidic. In
spite of wbisiwaiedseased acidity, they have superior act Pertus2e0006738
selectivity as well as excellent yieldsl4-They al so have environnental
benefits fromthe standpoint of health effects fromcrystal formand the
smal |l crystal size is also beneficial to catalyst activity. [0069] For

catal ysts g t e V&Nt eBmibiitidnN $Ereef, ate 4mdudi, ofnitetaliiisabl e
met hod fo@gﬁgdggﬁnré&@gl\/t}%éélwﬁraaepowlSi l02n:AI 203 ratio may be used. US

5, 332, 566ppitembie Sraan (ekas et®d, Moy pidfembly Oexthonl 1suimitell and everprudaci ng
WD 2010/ 077352PCT/ US2009/ 006738 - 25 - ZSM23 with a low ratio of

Si 02: Al 208referablefranplel toal §iwet i ng agent suitable for preparing ZSM 23
can be fornmed by nethylating i mnobispropylamne with an excess of

i odonet ha he thylation is achieved,b { Lod pw se
to im nobi‘@]&r9 pyl gﬁ{«%éra&:lp( ’ tﬁeicﬁe%lg%tcggﬂ}(sxs §gésido%f’ I<‘a$]c(;%ts %%n%@}%get%%? ure
is heated; u f rafitCof Qflich8td aMirSina I NBof @xbiplélofozol i d
product i 151{\%11 Pé%ﬁ%ﬁ%@%i@h éﬁ?ﬁ’ f’ﬁalsol ut elcet hanol .m[a0070] Thgipclii recting
agent progdgaedighyhd haicbbsiticats AhtnizanntthezebBtendanchk lass hharoP0@ildar less| i ca
sol (30% Si 02), a source of alumna, a source of alkali cations (sfuch as Na
or K), anthatel thilzed lessttbentl®C bron leshyam§8il, ornlesathan B8 1soli ptelerRdbe
any conveni ent. source, such as.alum na sul fate, or.sodiNm al Yyl Rate,. e

sol ution FPODOHURERsasyTat 9 Sijed 1§ Ia?‘?ﬁﬂao?ﬁnt DR &Py W? %sggh'qas&lbgg and
the resul t Q! 3, C als are dried. The ZSM 23 crystals can then be
conbi ned \t}mhpﬁ’§§r/gév tsouyﬁjit(l:'e area binder to forma catal yst according to the
invention. [0071] The follow ng are exanples of the present disclosure and

are not t eod]consTheeidwaking datalysgs usSAMA iScEssesplceorthng By thehasiestion
ZSM 48 crystals with Si07/ Al 2/03 ratio of -70/1 and preferred norphql ogy
[0072] A naxelsoeinghuieps bpudesd Inrsome embedimentss thy deweaing qasadysistussailim

L AT e W O T KSR
ZSM 48 i : ' PO .
Si 02/ sfggﬂﬁﬁé%‘%%&sﬂfgﬁ%%‘téf’g&w ?%%@%%gﬁﬁa?‘?‘f%?’i‘o%f%ﬂs Telnr%l/%{b el's

i 02-0. 02 Jess, or 80 m%/g or less, or 70 m*/g or less.

[0041] Alternatively, the binder and the zeolite particle size are selected to
provide a catalyst with a desired ratio of micropore surface area to total surface
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



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 wae 2bidi7essed, washed with deioni zed (D) water aoa/useerodoess 250F
(120C). The XRD pattern of the as-synthlsized material showed the typical
pure phase of ZSM 48 topol ogy. The SEM of the as-synthesized material shows
that the material was conposed of agglonerates of small irregularly shaped
crystals : RlipSl | witAngdded Water to
Feval 11 ng Pkl ACHEREr b RinS'shY U He Podle ElREedThE

as- synt hesozed miaialandvbes exoriding etk niikture he producgerbdundnedsglyshote i on
exchanges with anmoniumnitrate solution at roomtenperature, followed by
dryi ng at desios iz20C)Extrupioml ads aanonlsat baosed (osmeify dhe sexipimen How

Conl L roe ot (10 22 ] OB S e R O L
0L O GRG0 8 e AT A g ol

Hformcrystals 800F, '9DO0F, "and 1000F f or
4 hours for activity enhancenent and Al pha val ues of these treated products

are shown[(w. In yetldibth@Oenbodithént, d3sikjer detpOSADEY rwo Or (oG netand 25
(1000F). anple 1B: Preparation of the Sour Service Dewaxing Catalyst

[ 0074] Theosisies cseratse dehyshdoi Fosueh 2at ¢whodiamenty she weash RysFRage \Pinigi ng
65 wt % ZSM 48 (-70/1 Si 02/ Al 203, .see. Exanmpl e ,1A) wth. Wt % P25 Ti

bi nder an ‘%)?P?@HF rfged ey i) %fer&E%géqr%geyhaphghg nggj%%qrc {82y ﬁ)éﬁ%e
precal cin i I 000F, ammoni um exchanged wi th amoni um nitrate,
and cal ciir:;i egtsﬂffg{)fg%%lﬁﬁ% [ air. The extrudate was then steanmed for 3
hours @ 750F in full steam The steaned catal yst was inpregnated to 0.6 W %
pl ati num yog4]nci pAdeinaviiehgsis bisthngepdl adidesubed fan fiormeingi 4 mabed ohetad,

and then calcined at 680F for 3 hours in air. The ratio of micropore
surface apsuletbinder hnve ar fuffisientiyalovs suface anemothe \wepportions of each metal
2010/ 077352PCT/ US2QQ9/,006738 -. 27 - agpl e 2: Process Eval uation of sour
Servi ce HyEISCRABRiHgder Wﬁ??ﬁ %ﬂ%??gét %}’Fn t["%fb%]mf‘?‘ﬁesmgyi%ll CSetf&Itst es
the benef | : j t4 ; ok eh el et ahyst
with a sot&r Posrgr?éibgrg&é'ﬁ;gfre g%s(ﬁrr?gﬁlzdé(? @%Sﬁéa# I—‘F%dc&g)?%%g@ !tl'(ﬂe hmgr a%i C|yng
cat al yst ys@ebniéhttiethod! Uty examplecbnd BindeBdaBbe atiaky stith {H20z60]ks during
illustrated shown in Table 1, the reactors, 2 reactors in series, were

| oaded t of@wveticat of thwe zbelitef pewdenrsuchpisaduning spprodryingel Vheopsat drigd

Chialyst ERRRe BT HOEIE Geh PRI B SR TAL I ORI BT howh

in Table ?o?yﬁh?éi"on.-rab' e 1: Reactor Loading Schenes Reactor #1 Base

[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-Hvydrotreatment

[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 1

[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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directly cascaded to the hydrocracking step, the conditions in the hydrotreating

step can be selected to match the conditions in the hydrocracking step.

[0050] Figure 5 schematically shows a comparison between a conventional
reaction system (Figure 5(a)) and one reaction system suitable for carrying out the
present invention (Figure 5(b)). Figure 5(a) shows a prior art reaction system with

a conventional reactor for performing a hydrocracking reaction.

[0051] Figure 5(b) shows one embodiment of an inventive reaction system
for performing the direct cascade process. The initial beds of the reactor include
hydrotreating catalyst for removing heteroatom contaminants from a feed. The
feed is then exposed to hydrocracking catalyst, prefer'ably 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
NHj, 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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[0054] In Figure 5(b), the first hydrotreating step, hydfocrackjng 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 NHj 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,:Al,0; 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,:AlO5 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:

(Il) SiOzZAleg,

LHSV,

0.75 0.75 0.75 0.75 Pressure, psig - 1250 - 1250 - 1250 - 1250 650F+
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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,:Al,0; (preferred) = 70 to 110

H,0: SiO; =1 to 500

OH-: SiO; = 0.1t0 0.3

OH-: SiO, (preferred) = 0.14 t0 0.18
template : S10, =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 temperatures 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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materials such as  silica-alumina-magnesia, silica-alumina-thoria  and
silica-alumina-zirconia. The matrix can be in the form of a co-gel. The bound

ZSM-48 framework alumina will range from 0.1 wt% to 3.33 wt% framework

~ alumina.

[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
wt%, 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
least 0.75 wt%, 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,0O; ratio may be used.
US 5,332,566 provides an example of a synthesis method suitable for producing
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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% SiO,), 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.

[0071] The following are examples of the present disclosure and are not to be

construed as limiting.

EXAMPLES

Example 1A: Synthesis of ZSM-48 crystals with S10,/Al,/O5
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/ Si0,/Al, 05 ~80
H,0/ SiO, ~15
OH7/ SiO, ~0.15
Na'/ SiO, ~0.15

Template/Si10, ~0.02
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[0073] The mixture was reacted at 320°F (160°C) in a 5-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 SiO,/A1,0; 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 SiO,: Al,Os) 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 crystals. 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-/Al,O;, 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%.
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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-48 - 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 Oil Feed 100 °C Viscosity, cSt 7.55
Solvent Dewaxed Oil Feed VI 57.8
Organic Sulfur in Feed (ppm by weight) 25,800
Organic Nitrogen in Feed (ppm by weight) 809
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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 1 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.



HDT/ HDC/ HI 700 F+ Conversion, W% 26 38 39 50 51 63 79 Lube Pour Point,
cilc2112 7 -3 4 -7 -12
WO 2010/077352 - PCT/US2009/006738
Table 3: Pilot Plant Evaluation
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
Converstion,
wt%
Yields,
vol%
-Gas(Cyq- | 0.4 0.6 09 1.0 1.2 NA 2.0
), wt%
- Naphtha | 6.8 2.2 6.8 33 11.8 5.0 11.9
"(Cs-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 57.9 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




Lube viscosity at 1000 C, cSt 7.2 4.9 Lube V.1. 105 112 700F+
Yield, % 74 62

WO 2010/077352 30 PCT/US2009/006738

[0079]  As shown, replacing 50% of the hydrocracking catalyst with the sour
service hydroisomerization catalyst appears to reduce 650°F+ conversion at
constant conditions. However, at constant conversion, the distillate yield is
significantly increased and the total liquid 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
Hvdrocracking / 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,
wt% 35 40 43 63 a73
Lube Pour
Point, OC 41 37 45 37 39
700° F+
Yield, wt% 65 60 57 37 27




61 50 49 37 21 Lube % Satur at es*
Aromatics of 700 F+ Lube (noles/granm *Cal cul ated Mol ecul ar Wi ght)]*
i s cal cul ated based on Ki nemeCirawsYhmmoedgy at

Tabl e 6:

(Tot al
100 wher ewbbhmauabrze Wi ght

100 C and 40 C of the 700 F+ Lube.
Hydrotreating (R1) fallljowed by HDC/ Dewaxi ng (R2) Along with

Properties for

70

Conparative Case (HT/HDC) Diesel

84

*0p Saturates (W%

| nventi ve case -

Table 5: Inventive case ~ Lube Properties for Hydrotreating (R1)
followed by HDC/Dewaxing (R2)

Di esel

:[1_

Fuel

HDT/ | HDT/ | HDT/ | HDT/ | HDT/ | HDT/ | HDT/
HDC/ | HDC/ | HDC/ | HDC/ | HDC/ | HDC/ | HDC/
Lube Properties HI HI HI HI HI HI HI

700° F+ Conversion, wt% 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 4.9
Lube V.1, 105 112
700° F+ Yield, wt% 74 62 61 50 49 37 21
Lube % Saturates* 70 84

*%% 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]

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

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



Properties HDT/HDC/ H Conparative Exanple Diesel Coud Point, C-30.3 3.1
Di esel Cal cul ated Cetane I ndex* 51.7 50.4 Diesel APl 34 32 Diesel Yield,
wt % 45 32woQ0f/07Gsaver si on, w % 50 40 PCT/US2009/006738

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

650+ Conv wit% 50 54 60 65
LPG wit% 3 3 4 4
Naphtha wit% 11 13 16 20
Distillate wit% 44 46 46 47
Bottoms wit% 42 38 34 29

: R1-Strip NH3-R2 :
650+ Conv wit% 53 63 78 87
LPG wit% 3 3 4 4
Naphtha wt% 11 15 21 26
Distillate wit% 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 modifications 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



* Cetane I ndex was cal cul ated according to ASTMDO76. 100811l nt egr at ed
hydrotreating (HDT) followed by hydrocracking (HDC) and hydroi soneri zati on
(HI) reswvoedioar7isapr oved di esel yield and diesel |ow tecparsaignes73s
properties over that of the conparativeldexanple. In addition, the diesel
quality for the integrated process as shown by the cal cul ated Cetane | ndex
was equivalent to that of the conparative exanple.

2010/ 0773 e?ags;l;/ [ hﬁ@ Qé?rﬁ%ﬁ E#diaht Ry all

Sem - Swee? ervi CM&?@%@%@“ hlc E}yPr esst3 OO‘éZ To 'eval ug?geat he
benefits fQiuiestvehieRAlaild tssetremu @f ecNhBal@ﬂtb ﬂiefecﬁfb)ethdsbeskhﬂyeﬂ i tleaaitng
zone, hydrotreated MWGO from R1L was stripped to renove NH3 before routing

into R2. fu whalsthennvantzerdpertBys. si gni fi cant increase in conversion and
yi el ds was observed. Table 7 R1-R2 Direct Cascade 650+ Cony w %

[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.



50 54 60 65 LPGwW% 3 3 4 4 Naphtha wt% 11 13 16 20 Distillate wt % 44
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CLAIMS:
1. A method for producing a naphtha fuel, a diesel fuel, and a lubricant

basestock, comprising:

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 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.

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.



46 46 47 Bottoms wt % 42 38 34 29 R1-Strii, NH3-R2 650+ Cony wt % 53 63

WO 2010/077352 35 PCT/US2009/006738

4. The method of claim 3, wherein the further dewaxing the lubricant
basestock portion comprises at least one of solvent dewaxing the lubricant

basestock portion and catalytically dewaxing the lubricant basestock portion.

5. The method of claim 3, wherein the dewaxed lubricant basestock is

hydrofinished under effective hydrofinishing conditions and vacuum stripped.

6. The method of claim 1 wherein the hydrogen gas is chosen from a
hydrotreated gas effluent, a clean hydrogen gas, a recycle gas and combinations

thereof.

7. The method of claim 1, wherein the hydrotreated feedstock is

cascaded without separation to the hydrocracking step.

8. The method of claim 1, wherein the dewaxing catalyst comprises a
molecular sieve having a SiO,:Al,0j5 ratio of 200:1 to 30:1 and comprises from

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

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 clairh 8, wherein the molecular sieve is EU-2,
EU-11, ZBM-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 mz/g or less.



78 87 LPGWM% 3 3 4 4 Naphtha wt% 11 15 21 26 Distillate wt% 49 51 52

WO 2010/077352 36 PCT/US2009/006738

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

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

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

has a surface area of 70 m?/g or less.

16.  The method of claim 1, 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.

17.  The method of claim 1, wherein the metal oxide, refractory binder is

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

18.  The method of claim 1, wherein the metal oxide, refractory binder
further comprises a second metal oxide, refractory binder different from the first

metal oxide, refractory binder.

19.  The method of claim 18, wherein the second metal oxide is an silica,

alumina, titania, zirconia, or silica-alumina.

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

0.1 to 5 wt% platinum.

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

steps occur in a single reactor.

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

steps occur in two or more reactors in series.

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

second hydrotreating steps occur in a single reactor.



52 Bottons w % 37 31 23 18 [O0083]All patents and patent applications, test
procedures (such as ASTM net hods, UL nethods, and the like), and other
docunent swoioed7hseei n are fully i ncorporated by refererce/useomaes7ext ent
such disclosure is not inconsistent wit¥ this invention and for all
jurisdictions in which such incorporation is permtted. [0084]Wen
nunmerical lower limts and nunerical upper limts are |isted herein, ranges

from any | ower ohi M trHcGnaiMbdWARGAink DMvheRdif tﬁ@ﬁg&r&kﬁé@ﬂg,_ d@md)@n% Eﬁd

illustrative enbodi mrents of the 1nvention have been descri bed w

parti cul asédond hydreirkatimesteps ecsinindwicet moas reactorstimseriendi fi cations wil |
be apparent to and can be readily nade by those skilled in the art w thout
departing fromthe spirit and scope of the invention. Accordingly, it is

not intended that tNhgeSAOMOIVS dIkien 2! dheFeiARRERSRhydes@éAims |imted to the
exanpl es and descriptions set forth herein but rather that the clainms be

const r ued hgdroenackipgsdaweking artdhsecon® h3di G ETiTRSAEBTHELISR 00X BOFIE38 - 33 -
features of patentable novelty which reside in the present invention,

i ncl udi ngTRACKOT eat ur es whi ch woul d be treated as equival ents thereof by
those skilled in the art to which the invention pertains. [0085] The present
invention has been described above with reference to nunerous enbodi nents
and specific efanpl dhe methpdwafidlaim dnwheardin thaifodtydroleeatigies to t hose
skilled ig this art ip light of, the ove detail ed descri.ption. Al such
obvi ous vAYsECTakdngdewaIRgAdRecorpfl RydretEsing SeRpecer if YO JBRfed

claims. reactors in series.

27. A method for producing a naphtha fuel, a diesel fuel, and a lubricant

basestock, comprising:

contacting a hydrotreated feedstock and a hydrogen containing gas
with a hydrocracking catalyst under effective hydrocracking conditions to produce

a hydrocracked effluent,

wherein prior to the contacting step, the effluent from the
hydrotreating step is fed to at least one high pressure separator to separate the
gaseous portion of the hydrotreated effluent from the liquid portion of the
hydrotreated effluent,

wherein the entire hydrocracked effluent is cascaded, 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



WO 2010/ 077352PCT/ US2009/ 006738 - 34 - CLAI MVs: 1. A nethod for
produci ng a naphtha fuel, a diesel fuel, and a |ubricant basestock,

conpri si NyO 2010/077352 contacting a hydrotreated feedst oekTarsdooa/ohsrds ogen
contai ning gas with a hydrocracking cat¥l-yst under effective hydrocracking
conditions to produce a hydrocracked effl uent, cascadi ng the
entire hydrocracked effluent, w thout separation, to a catal ytic dewaxi ng

stage, and WU O AR RN s IURIRRSH oMt BhE oDt under

effective catal yti c dewaxi ng con ons, rein the conbined total sulfur
in |iqui ddendngaaeeusniinhehsibed, 10-rhémbdevingipoge steljte, asleastamteeGradpan 1000
ppm by wei ght of sulfur on the hydrotreated feedstock basis, wherein the
hydr ocr acNiIlHgnetal,aingdsat 1east londdewasuzfaseiarea, mesakexidgarefracsery binder.

wherein the dewaxing catal yst includes at | east one nondeal um nat ed,

uni di nensi onal, 10-nenber ring pore zeolite, at |east one Goup VIII netal,
and at |east opR. | oWheunéthod cfrotaim D tveliereixi the hydedtreated efflidmddéter 2.
The method of claim1, further conprising hydrotreating the entire

hydr ot r easm,ratmmi;m@s@@ﬁolm&§@néfqntmaﬁylmg@%lcéﬂ% Etive hydrotreating
condi ti ons. 3. The method of claim2, further conprising fractionating
the hydrotreated, entire, hythotreated, hydrocracked, dewaxed effluent to
produce at | ea29. a Mhermethot dfatast DT kviwweini tha hydnotréated hEluendadier ng t he

| ubri cant basestock portion. W 2010/ 077352PCT/ US2009/ 006738 - 35 -

4. The nesepsaatian s rgrambinghwithi mhydogen CORBINIAEERR ng t he | ubri cant
basestock portion conprises at | east one of solvent dewaxing the |ubricant
basest ock portion and catal ytically dewaxing the |ubricant basestock
portion. 36. THaenmeethod offclaiima? thvdherainaheihydregendeaniziaang g8s i cant
basest ock, i s hydraofini shed under effective hydrofinishing conditions and
vacuum st%ﬂcﬁiﬂf@é.st- 6. The nethod of claim1 wherein the hydrogen gas is
chosen froma hydrotreated gas effluent, a clean hydrogen gas, a recycle
gas and conbi nati ons thereof. 7. The nethod of claim1, wherein the
hydr ot reat ed f8édst dbk method oddeitn 37 ovhsueindbp hydrogsm gas is KhOFEI OB Acki ng

step. hydrotreated gas effluent, a clean hydrogen gas, a recycle gas and combinations

thereof.

32.  The method of claim 27, further comprising hydrotreating the entire
hydrotreated, hydrocracked, dewaxed effluent under effective hydrotreating

conditions.

33.  The method of claim 32, further comprising fractionating the entire
hydrotreated, hydrocracked, dewaxed, and hydrotreated effluent to produce at
least a lubricant basestock portion; and further dewaxing the lubricant basestock

portion.

34.  The method of claim 33, 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.



8. The method of claim11l, wherein the dewaxi ng catal yst conprises a

nol ecul ar sieve having a Si07: Al203 ratio of 200:1 to 30:1 and conpri ses
from 0.1 wo20t00733533 Wt % franewor k Al 203 cont ent. POT/USh@9fed’R®d of
claim8, wherein the nol ecul ar sieve i$9U-1, ZSM 35, ZSM 11, ZSM 57,

NU- 87, ZSM 22, EU- 2, EU- 11, ZBM 30, ZSM 48, ZSM 23, or a conbination

t her eof . 10. The nmethod of claim8, wherein the nol ecular sieve is
EU-2, EU- 11, Z 30; ricant 11.
The net hod of §;P/;| ng%%@?&%%é@%%ggreg?% ggieﬂe??eg%&éﬁgUbZSM 23, or a
conbi nat i pasektirekashydrofinishdPunddreeffiettivechyarofihshingSconditons and Hemol ecul ar

sieve i s ZSM 48. 13. The nethod of claim1, wherein the netal oxide,
ref ract or yabiumetrippesl. a surface area of 100 n2/g or less. WO

2010/ 077352PCT/ US2009/ 006738 - 36 - 14. The nethod of claiml1,

wherein the nmetal oxide, refractory binder has a surface area of 80 n/g or
| ess 15. 3¢he Makemethotl oflcdaim 27, wheregn metdmvmmglcamlystetornEﬂﬁcﬁ ory

bi nder has a surface area of 70 nR/ g or. | ess. he net hod of claim
1, wherei mqlwl@remw haviagtaaPifds atiged 200x &%%raélds%ﬂffla%esa 21
total sur ter th to 25% wherein the total
surface ab a3 % Ngwﬁppg%orgégb fcgﬁﬁaéltext ernal zeolite plus the
surface area of the bi nder. 17. The rret hod of claim1l, wherein the

nmetal oxide, refractory binder.is si

t
si li ca-al unmi na37- TheIBeth‘Pﬁé)fr‘i%%lﬁbé6o‘f"%€T %&M%ﬁq&?@hgﬁf & gm gcra
f t i t-h bi nd
G 11 or et Z5RbTE RN S RS P S P R O VP, 7B %rz%‘?‘%e' et

met hod of zghaixg 38q C\yﬂ%lgwoﬁ Berégcond netal oxide is an silica, alumna,

titania, zirconia, or silica-alum na. 20. The nethod of claim1,
wherein the dewaxing catalyst includes from0.1 to 5 w% plati num

21. The method Sf Cwe%éthoﬂ’%q{c%lg&ga,mmf%ﬁ ?ﬁ@ﬁfﬁtlé%lweQ@WU@ steps

occur in a single reactor hod o aim1, where€in the

hydr ocr ackiylg | 278 MIS®ZISM-48, ABMOZT,Wr d corhbBinatibnithéreof.eact ors in series.
23. The. method of claim2, wherein the hydr ocr acki ng, dewaxi ng and second

hydrotreati ng steps occur in a single reactor.
39.  The method of claim 36, wherein the molecular sieve is ZSM-48,

ZSM-23, or a combination thereof.

40. The method of claim 36, wherein the molecular sieve is ZSM-48.

41. The method of claim 27, wherein the metal oxide, refractory binder

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

42.  The method of claim 27, wherein the metal oxide, refractory binder

has a surface area of 80 m?/g or less.

43.  The method of claim 27, wherein the metal oxide, refractory binder

has a surface area of 70 m*/g or less.



WO 2010/ 077352PCT/ US2009/ 006738 - 37 - 24. The nethod of claim 2,
wherei n the hydrocracki ng, dewaxi ng and second hydrotreating steps occur in

tWwo or nowe 208A0r3seS i n series. 25. The net hod of pclraisee2/00amer ei n
the first hydrotreating, hydrocracking40tewaxi ng, and second hydrotreating
steps occur in a single reactor. 26. The nethod of claim 2, wherein

the first hydrotreating, hydrocracking, dewaxing, and second hydrotreating
steps occur inghwo i i ing CatdlySeddmstidra
produci ng a nagﬁt haq{fhgeq:ﬁ%t%gamg@ﬁ%’e ,ﬁgl;elrlllgﬁ}f (Ij%“lg?)iuggrft bgsestocki?ég

conpr i si ngjcropore surface &redtaedtahgurdadeysteaof gedater thardstegokl wn2%, hydr ogen
containing gas with a hydrocracking catal yst under effective hydrocracking
condi t i onwhereipteltatel surfacgrasea aquald the surfege area of the eXtem%'?@PéFenplb‘Fi or to
t he contacbtﬁi ng._.step, tg ffluent fromthe hydrotreating step is fed to at
| east onetl§ YhfgseessqpPet gﬂ&@%&or to separate the gaseous portion of the
hydrotreated effluent fromthe liquid portion of the hydrotreated effl uent,
wherein the entire hydrocracked effluent is cascaded, . 'thPut segarda\ti on,
to a catal yti c48enadihegnethadef cdaign 27, wherein theymgtalioxyds. Helrapiory @mder

hydr ocr acked,.ef f | uent quer effective .fat ah}/ti ¢ dewaxi ng conditions,

wher ei n t RS HEAR DN St as e ¢Qa; of SRR ™MIE gaseous forms fed to the
dewaxi ng stage is greater than 1000 ppm by wei ght of sulfur on the

hydrotreated feedstock basis, wherein the hydrocracki ng catal yst. includes a
zeolite Y based6. wolhgmoethpdnfmieim @@ngy%g%@egaﬁégl_e, relractory bmq‘):%er ein

the dewaxi.ng catal yst includes east '
uni di nens T CofigR, ﬁt?esrechﬁglegélr J%x@gbﬁe?{%}&%m ﬁ%@&%ﬁ%ﬁé%r&[}h%ﬂrft nmet al ,
and at | eﬁ%alﬁ?é’q@f@gfd}?%@&ea, metal oxide, refractory binder.

28. The netho claim 27 wherein the hydrotreated effluent after
separation includes dissolved H2S and optionally organic sul fur. 29.
The met hod of ai 7 ﬁ@t‘fr [ d f Bt skigr ion

i s reconbi ned %chnggﬁy roé])gnd}‘c‘%%i aiméi ?\Vg&{geg@mélse%dhhgg Tﬁe m’str o) 0115331 claim

29 wher ei Biddee id¥ificROA NG R4 tRhMaNgir6@Sial OCsilidesiRfha.

48.  The method of claim 27, wherein the dewaxing catalyst includes

from 0.1 to 5 wt% platinum.

49.  The method of claim 27, wherein the hydrocracking and dewaxing

steps occur in a single reactor.

50.  The method of claim 27, wherein the hydrocracking and dewaxing

steps occur in two or more reactors in Series.

51.  The method of claim 32, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in a single reactor.

52.  The method of claim 32, wherein the hydrocracking, dewaxing and

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



31. The nethod of claim 27 wherein the hydrogen gas is chosen froma
hydrotreated gas effluent, a clean hydrogen gas, a recycle gas and

conbi nat iwootongrisof . 32. The nethod of claim 27, pCurush@w/ocenpri si ng
hydrotreating the entire hydrotreated,-Hydrocracked, dewaxed effluent under
effective hydrotreating conditions. 33. The nethod of claim 32,

further conprising fractionating the entire hydrotreated, hydrocracked,

devaxed, and hydr ot ngRlAEHSHIMEn 9. RHEMU theifird BBkorRedtinfy | Cant

basest ock portioh; urt ewaxl hg t |'ubri cant basestock portion.
34. The ne{&eRrakisd aeWwaidng el @cont hgdietréaiiarg sigywocony ih wolarbnorant
basest ock portion conprises at |east one of solvent dewaxing the |ubricant
basest ockrgactars omsemel.or catal ytically dewaxing the |ubricant basestock
portion. WO 2010/ 077352PCT/ US2009/ 006738 - 39 - 35. The nethod of
claim 33, wherein the further dewaxed |ubricant basestock is hydrofinished
under ef f ecti ve4hydmpfriettcdhforgprodudiingiaomep el fudbem dieaelifuel strd pheaticant

36. The nethod of claim 27, wherein the dewaxi ng catal yst conprises a

mol ecul ar basestaskna@inpgisEgSi 02: Al 203 ratio of 200:1 to 30:1 and conpri ses
from0.1 wt%to 3.33 wmt % framework Al 203 content. 37. The nethod of
cl ai m 36, wherein t bentuotiag allardreiresmedifsedstbck artBhh38rogesMahtainAEM AT ,

NU- 87, ZSM 22, EU-2, EU-11, ZBM 30, ZSM 48, ZSM 23, or a conbination
thereof with a bpdrovracking patelyst unfles ekfewivalnelreciacking sandidonnio Riodee| s

EU- 2, EU-11, .,ZBM 30, M 48, ZSM 23, or a conbi nati on thereof. 39.
The net hotl RYATQqTag HuiHerein the nolecul ar sieve is ZSM48, ZSM 23, or a
conbi nati on thereof. 40. The nethod of claim 36, wherein the

nol ecul ar si eve is zawadig the entirg hydmomsagkadfdlusnt, oY ithont SepargHenetod t he
net al oxi det, ref(iact orgn %iﬂnder has a surface area of 100 n2/g or |ess.
42. The nETRABACHEEPANESSES BLrein the netal oxide, refractory binder has

a surface area of 80 n2/g or |ess. 43. The net hod qf cl ai m#?,,
wherein the netal osp@exingthesatise Rygdroraeskeddflyent ynder ettgctiye satargicp/ g or

| ess. - X\O 2010/ 077352PCT/ US2009/ 006738 - 40 -
ewaxing 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 non-
dealuminated, unidimensional, 10-member ring pore zeolite and at least one

Group VIII metal.

55.  The method of claim 54, further comprising hydrotreating the entire
hydrotreated, hydrocracked, dewaxed effluent under effective hydrotreating

conditions.



44. The nethod of claim 27, wherein the dewaxing catal yst conprises a
m cropore surface area to total surface area of greater than or equal to
25% wherwOnrotang7iset al surface area equal s the surface a&ceaisedoonhgsext er nal

zeolite plus the surface area of the bi4der. 45. The method of claim
27, wherein the netal oxide, refractory binder is silica, alumna, titania,
Zi rconi a, or si | i ca-al um na. 46. The nethod of claim 27, wherein the

met al oxi de, Bracflgxfeﬁnpﬂh%ﬂ%fcfléih?ﬁ?rf&m%tﬁ?i g%eﬂsnﬁmgaﬂxe%ﬁe

refractory b|n er d erent fromthe first refractory binder.

47. The maydedreated; hgdractickethdewiared had hedestseared afflwerit de prodifoeat tieasy
binder is silica, alumna, titania, zirconia, or silica-alum na. 48.

The net hod labricandibasestocknbentising and dudherde wiekingtthe hriant bagrstodk om 0. 1 to
5 wt % pl ati num 49. The nethod of claim 27, wherein the hydrocracking
and demaxPH§“§¥eps occur in a single reactor. 50. The nethod of claim
27, wherein the hydrocracklng and dewaxi ng steps occur in two or nore
reactors in series. he met hod of claim 32, mherelﬂ}the

hydr ocr acki ng, 5aema>7ﬁhﬁgn9ﬁhﬁdgﬁc¢éﬁm ﬁ§de?¥eé1&tf‘P1ﬁ]@ers‘ieéﬁﬁ%X18§éhﬁ brﬁlcfnél ngl e
Gowaxi ng Barsskdinrtag aooimgs ahiras et 36 sellPR] G ating MBS, o7 1
series. %erel rﬂﬁ%ﬁ%ﬂ@d&ﬁﬁ?ﬁéﬁ%&é@axu@&e lubricant basestbék pBitid of

claim 32, rst treating, drocracki ng, dewaxing, and
second hydrotreat| ng steps occur in two or nore reactors in series.

baseot ook oonSE; Bf ABEha%od BRI 36! Whbreif ¥ F8Ghdd BloricdRf bbchitik 2

basest ock, I'ng a” hydrotrea ckand a

hydrogen g 9&%@1&1&1{&1 Hifer Wrfeltide B&ﬁf&?ﬁl@l‘fﬂﬁg%n@ﬁicﬁisyaﬂd m@ﬁe«racaﬁﬁlect ive
hydrocracking conditions to produce a hydrocracked effluent,

cascadi ngstrippednt i re hydrocracked effluent, w thout separ atl on, to a
catal yti c dewaxi ng stage, and dewaxi ng the entire hydrocracked
ef fl uent under effective catalytic dewaxing conditions, wherein

the conbined tghal gJuef Hethdd bf Eldid Wh@@%@whicﬁbg&nfgﬁﬁ id ehdded feawaxi ng
stage is greater than 1000 ppm by wei ght of sulfur on the hydrotreated
f eedst ockhpditatedrgasaiffluchie alptehobydiogengasat mcyste gascdinddesnbinatohst e Y

based
3 thereof.

60.  The method of claim 54, wherein the hydrotreated feedstock is

cascaded without separation to the hydrocracking step.

61.  The method of claim 54, 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,O; content.

62. The method of claim 61, 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.

63. The method of claim 61, wherein the molecular sieve is EU-2,

EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination thereof.



catal yst, and wherein the dewaxi ng catal yst includes at | east
one nondeal um nat ed, uni di nensional, 10-nenber ring pore zeolite and at

| east onewGroim7v4skl net al . 55. The net hod of cl aiParAs200000d78%r
conprising hydrotreating the entire hydBotreated, hydrocracked, dewaxed
ef fl uent under effective hydrotreating conditions. WO

2010/ 077352PCT/ US2009/ 006738 - 42 - 56. The nethod of clai m 55,
further conprigjng i j : i et eflevd sz ON1-agked,
dewaxed and hygjrl'otrggl?g%étg??fdggg?lh?gl’g\?g%ﬁe& at I%l%c??éa | ubri cant basest ock
portion; ZRN-DArbhekodaticigthicheof. ubri cant basest ock porti on. 57.
The nethod of claim56, wherein further dewaxi ng the lubricant basestock
portion conprises at |east one of solvent dewaxing the |ubricant basestock
portion and/ or geat alpybiniahby RN B9, Wherdin Bid fRMcUlASREVORKZ POI-4B on.

58. The nmethod of claimb56, wherein the dewaxed |ubricant basestock is
hydr of i ni shed under effective hydrofinishing conditions and then vacuum

stri pped. 59. 4h : [ -H\/Pger L\Da i YAUQ9eRegas is
chosen from a ﬁg'dr otjq;‘;gz{lge%%g%gcﬁlﬁgg’n%é%lc eaﬁé\ﬂ?}g?ggenﬂ as, g recycl e
gas and cggbhdshd 888s hdemeRide a binder.60. The net hod of claim 54, wherein the
hydrotreat ed feedstock is cascaded w thout separation to the hydrocracking

st ep. 61. The nmethod of claim 54, wherein the dewaxi ng catal yst

. | - . D on. . : I |
Compr i ses fronts. 1 agbatEYBasFE N P hHEichh AP pERg W i 0

met hod of nféRptYSdurfadecireh fo tdtal swifawidres ofigesaer thaltlor EqualSid 38, ZSM 11,
ZSM 57, NU-87, ZSM 22, EU-2, EU-11, ZBM 30, ZSM 48, ZSM 23, or_a

conbi nat i whetdinthofotal surfacerea heuate thwsurdicecarsn @f she exfsmralizgolitee nol ecul ar
sieve is EU-2, EU-11, ZBM 30, ZSM 48, ZSM 23, or a conbination thereof. WO
2010/ 077352PCT/ US2009/ 006738 - 43 - 64. The nethod of claim61,

wher ei n the nokRcul dheshemedict G 58, wESMIR the dewaxingrdatal gstiionludeer eof .

65. The nethod of claim 61, wherein the nol ecul ar sieve is ZSM 48.
from 0.1 to 5 wt% platinum.

69.  The method of claim 54, wherein the hydrocracking and dewaxing

steps occur in a single reactor.

70.  The method of claim 54, wherein the hydrocracking and dewaxing

steps occur in two or more reactors in series.

71.  The method of claim 55, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in a single reactor.

72.  The method of claim 55, wherein the hydrocracking, dewaxing and

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

73.  The method of claim 55, wherein the first hydrotreating,
hydrocracking, dewaxing, and second hydrotreating steps occur in a single

reactor.



66. The nethod of claim54, wherein the dewaxing catalyst is self-bound and
does not include a binder. 67. The nethod of claimb54, wherein the
dewaxi ng watalyer3seonpri ses a m cropore surface area topcottskowwod’age ar ea
of greater than or equal to 25% wherei4#the total surface area equals the
surface area of the external zeolite. 68. The nethod of claim 54,
wherein the dewaxing catalyst includes from0.1to 5 w% platinum

69. The nethod;gf chgmhehod Wikl 55 NEhBMGH B% Af HRAr@Rchibipuaxi ng st eps
occur in a single reactor. 70. " The nethod of ¢l aim54, wherein the
hydr ocr ackidcadukisle Ww dxgng,t atidissecond thyidrott ¢uingr stes ecaugan teorimorer i es.
71. The nethod of claim55, wherein the hydrocracking, dewaxi ng and second

hydr ot r eatdagtprstimperiesccur in a single reactor. 72. The nethod of
cl ai m 55, wherein the hydrocracking, dewaxi ng and second hydrotreating
steps occur in two or nore reactors in series. 73. The net hod of

cl ai m 55, wher&pn t Renfethicd forydoduciagta maphthey firedca didsehfiiel dandaa ivdgicaahd
second hydrotreating steps occur in a single reactor. WO

2010/ 077353RSNCKSCODYTISIR?38 - 44 - 74. The nethod of clai m 55,
wherein the first hydrotreating, hydrocracking, dewaxing, and second
hydrotreating sboetastiogalrydrotréated eedstook areba hydsogen comtaiping gas with a75. A
met hod for producing a naphtha fuel, a diesel fuel, and a |ubrjcant

basest ockhydwemakinggatalyst underppffectivieny diopsagking eandiionsoROULE And a
hydr ogen cont ai nin s wth a hydrocracking catal yst under effective
hydrocracﬁ}'qlré’cﬁacﬁlf&gte?ﬂ}igrmo produce a hydrocracked effluent,

wherein prior to the contacting step, the effl L@?%ﬁ{romthe }g%/drotreati ng
step is fed to at | adgreinqugyitgihpcantaghag stspat uegt Sipaihst e the gaseous

portion o he hydr ot reat effluent fromthe |]qui rfi e
hydrotr eagﬁéfoiﬁeﬁﬁﬂg ﬁte,p 15 fgg to aI ieag\l\é]réer f(ilig? qrﬁgsué%g ?éagaﬁ)g &Ir) gcﬁagciee%l%ef fl uent
| s cascadggheolls PBAYSn SERRY RfdrBiteated e@ﬂaaﬁtawﬁqitﬁed@m' Betict 8Pfhe and
dewaxi ng gﬁseeoen?i re rhydr oc}?%crkegaef fl uent tﬂnder ef ecPi ve catal ytic
dewaxi ng hodditteatedseffivdat,ei n the conbined total sulfur in liquid and
gaseous forns fed to the dewaxing stage is greater than 1000 ppm by wei ght

of sulfur on the hydnpisiaahednfiReHpdidelackaaictiludkias ehstadea, WiHbaer acki ng
catal yst includes a zeolite Y based catal yst, and

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 includes at least one non-
dealuminated, unidimensional, 10-member ring pore zeolite, and at least one

Group VIII metal.

76.  The method of claim 75 wherein the hydrotreated effluent after

separation includes dissolved H,S and optionally organic sulfur.



wherein the dewaxing catal yst includes at | east one nondeal um nat ed,
uni di nensi onal, 10-nenber ring pore zeolite, and at |east one Goup VIII

nmet al . WO 200 7738ke et hod of claim 75 wherei n the hydrotrnsatedoeBs | uent
after separation includes dissolved |I--4¥S and optionally organic sulfur.
WO 2010/ 077352PCT/ US2009/ 006738 - 45 - 77. The nethod of claim75

wherein the hydrotreated effluent after separation is reconbined with a

hydr ogen cont Ay N §8neinod of ol iy TSRO b bl Lrphasirert he

hydr ogen containing gas I nc The nethod of claim75

wher ei n t bgpainssroiarcarbined eibsehydriogeh @ohiadiiapreest ed gas ef fluent, a
cl ean hydrogen gas, a recycle gas and conbi nations thereof. 80. The

met hod of claim 75, further conprising hydrotreating the entire

hydr ot r eat ed, dro : f t ! gotreating
hy! 8;1@%%@13& % grgw WS the R0 & E&ithiEnd e

condi ti ons. clarm 80, fdrther conprising

fracti onaidohgddsiig¢,ntire hydrotreated, hydrocracked, dewaxed and
hydrotreated effluent to produce at |east a |ubricant basestock portion;
and further dewaxing the |ubricant basestock portion. 82. The net hod

of claim 81, wherei THehRethdltdTRNaite P8XI RGein@elidibganEaPRINDLOE koot | ON

conprises at |east one of solvent dewaxing the l'ubricant basestock portion
and/ or cahgdnoticatdd gasdefiflment)g dléen hydwoigen gas baseythcgaspord ¢@mbinations  83.
The nethod of claim8l, wherein the further dewaxed | ubricant basestock is
hydr of i ni §1&epfunder effective hydrofinishing conditions and then vacuum
stripped. 84. The nethod of claim 75, wherein the dewaxi ng catal yst
conprises a nol ecul ar sieve having a Si02: Al 203 ratio of 200:1 to 30:1 and
conprises fronmB0. 1 Wheormethad3d olaivs 776 afvether kompzGing bydestreatingythe entire
2010/ 077352PCT/ US2009/ 006738 - 46 - 85. The_net hod of cl ai m 84,
wher ei n t Rediogieatad, Ay deqagekeds dewazed 2%%,unéwffggtl‘?sﬁ¥% UCREPg7, ZSM 22,
EU 2, EU—é& 16? 30, ZSM 48, ZSM 23, or a conbination thereof. 86.
The net ho %(} dim 84, wherein the nol ecular sieve is EU-2, EU- 11, ZBM 30,
ZSM 48, ZSM 23, or a conbination thereof. 87. The nethod of clai m 84,

wherein the m)%?c ul Fhe method'of c%asl% §8, fu%t%l\gr %gfnp%rsir?g fr%ggcl)rrl]eﬁ}rigo{fleterﬁ ire of
hydrotreated, hydrocracked, dewaxed and hydrotreated effluent to produce at least
a lubricant basestock portion; and further dewaxing the lubricant basestock

portion.

82.  The method of claim 81, 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.

83.  The method of claim 81, wherein the further dewaxed lubricant
basestock is hydrofinished under effective hydrofinishing conditions and then

vacuum stripped.

84.  The method of claim 75, wherein the dewaxing catalyst comprises a
molecular sieve having a S10,:Al,0; ratio of 200:1 to 30:1 and comprises from

0.1 wt% to 3.33 wt% framework Al,O; content.



88. The nethod of claim 84, wherein the nol ecular sieve is ZSM 48.

89. The nethod of claim 75, wherein the dewaxi ng catal yst conprises a

m cr opor eweunfoaressarea to total surface area of greater pChas2@w/oeceal t o
25% wherein the total surface area eqils the surface area of the external
zeolite. 90. The nethod of claim 75, wherein the dewaxi ng catal yst
includes fromO0.1 to 5 wt % pl ati num ~ 91. The nethod of claim75,

wherei n the hygdsocr ggking FUQNRY BAGWRERDS RCAIedulardsi8l a1 BUL Bact or .
92. The net hodg(s)'f clqgligm %?H\%her el n the hydrocracki ng and dewaxi ng steps

occur in PEM-GS, ISM- Irle ISMVIF 57, iNIUsET, i 28M-22, EU-BEUThe ZRWVh30, 48M:#&i m 80,
wherein the hydrocracking, dewaxi ng and second hydrotreating steps occur in
a single Z8&+t23x Qracomblgﬂlowﬁ@fﬂ@ﬁghod of claim80, wherein the

hydr ocr acki ng, dewaxi ng and second hydrotreating steps occur in two or nore
reactors in series. WD 2010/077352PCT/ US2009/ 006738 - 47 - 95. The net hod
of claim80, wBérei Thehrethodstf chaith 84y whereny thehyaotanel arckievayis dewhxi ng, and

second hydrotreating steps occur in two or npre reactors in series.
EU-11, ZBM-30, ZSM-48, ZSM-23, or a combination thereof.

87. The method of claim 84, wherein the molecular sieve is ZSM-48,

ZSM-23, or a combination thereof.
88.  The method of claim 84, wherein the molecular sieve is ZSM-48.

89.  The method of claim 75, 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.

90.  The method of claim 75, wherein the dewaxing catalyst includes

from 0.1 to 5 wt% platinum.

91. The method of claim 75, wherein the hydrocracking and dewaxing

steps occur in a single reactor.

92.  The method of claim 75, wherein the hydrocracking and dewaxing

steps occur in two or more reactors 1n series.

93.  The method of claim 80, wherein the hydrocracking, dewaxing and

second hydrotreating steps occur in a single reactor.

94.  The method of claim 80, wherein the hydrocracking, dewaxing and

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



WO 2010/077352 47 PCT/US2009/006738

95.  The method of claim 80, wherein the first hydrotreating,
hydrocracking, dewaxing, and second hydrotreating steps occur in two or more

reactors in series.



