1 WD 2009/ 085148- - PCT/US2008/ 013751 AROVATI C HYDROGENATI ON CATALYST
AND PROCESS FIELD OF THE | NVENTI ON [ G002] Thi s invention relates to a novel
cat al yst wodowwsssnB t he catal yst for processing of hydrecaniseevsivesdst r eans
that contain aromati cs. BACKGROUND OF THE | NVENTI ON [ 0003] Hi storically,

hydrof i ni shi n § SRFATHEYHIRB(ANAORPLAPARY P ANBEORTIQY catal ysts
on an anor pho col or and
oxidation stability can be achieved at | ower pressures and tenperatures
with smlMﬁfﬁM@an t hose required when using base netal
catal ysts. At higher processing tenperatures, color quality is sacrificed
to achi e Oﬁﬂf'c'"ﬁﬁg 11?0‘én%h'r‘élht§§ﬁ>béhb{'é1 can&la @'ca&ﬂ§r 'ﬂSFtS I

I s possible to get superior color stability (Wwater- , excellent

oxi dat i orpretessirg 6f/hydrodartonofetdsteeamsethat cenmwahro@flatﬁrsorrat i cs. However,
nobl e metal catalysts are poi soned by sulfur and are only used to

hydr of i ni;gk 2 2 ) slrevel s of sul fur. [0004] U. S. Patent
Appl i cat iTA—=P i S+ G070% gescri bes a process for hydrogenating
| ube oil boiling range feedstreans using a catal yst conprising at |east one
G oup VI I[0003p| e rHistdricadllye hydubfinisiin@techo]oginsl have usedbothmseahdon a

support materl al having an average pore dianeter of about 15 to | ess than
about 40 1®b crﬁtet%lwﬁwstsmm a@meStSHepaft | Withinable mote gatalysts, nobI e

Cuppor  RCEIH@ICHE G RTBR B oY %@"gyﬁ%@s"’lﬁmspigﬁhsﬁ%ﬁw 2 need

in the argny ;p@fathf&rv?m?gnﬁﬂ%ﬁ}é’aﬁ& mﬁﬁﬁs tRAPERIE ¢ lpéd M@ﬁ%fs I\r% G4¥eng and
aromatic saturation of hydrocarbon feeds. SUMVARY THE 'NVENTI ON [ 0006] I n

an enbodimetal catalysts1pAshighen ppbcespinigaempsratures] celdr ghality ischordfised

to achieve sufficient oxidation stability. With noble metal catalysts, it is
possible to get superior color stability (water-white), excellent oxidation
stability, and almost complete removal of aromatics. However, noble metal
catalysts are poisoned by sulfur and are only used to hydrofinish feeds

containing very low levels of sulfur.

[0004] U.S. Patent Application Publication 2006/0070917 describes a
process for hydrogenating lube oil boiling range feedstreams using a catalyst
comprising at least one Group VIII noble metal selected from Pt, Pd, and
mixtures thereof on a support material having an average pore diameter of
about 15 to less than about 40 A. The support material for the at least one
Group VIII noble metal can include MCM-41 mesoporous support materials,

such as MCM-41 support materials composed of SiO, and Al,Os.

| [0005] There is still a need in the art for improved catalysts and/or

processes for hydrofinishing and aromatic saturation of hydrocarbon feeds.

SUMMARY OF THE INVENTION

[0006] In an embodiment, a composition of matter is provided that includes
an inorganic porous crystalline phase material having, after calcination, a

hexagonal arrangement of uniformly-sized pores having diameter of at least



an inorganic porous crystalline phase material having, after calcination, a
hexagonal arrangenent of uniformy-si Zd pores having dianeter of at | east
about 15 wogsawmssasisand exhi biti ng a hekxagonal diffracti eoTasteosom7shat can
be indexed with a di oo value greater than about 18 Angstrons. The inorganic

PO oS TR ! A AT at bR Hin £ W R P B RS i il Saf S, 2 O OUP

IV netal, and the Tnorganic porou I ne phase For med
from a-syindees withi ad gy ealned\irssteAtHant dboudl siﬂgstr'orﬁ(mmé ift¥g4hicl00: 1 or
| ess. Optionally, the inorganic porous crystalline material "can further
i ncl ude apargus eqystalling phasshmdteripd cantaims SparkXO,s whect Xdisfa Grouphe G oup
VIl nobleg, netal i anic crystalline materigl_ serving as a support

L Lhe ;
for the hydMs nglﬂ‘i i&é?%&%geﬁm anstalmsaphase matgoalis farmead a

nbodi ' i hat. Rcl \ 1 t materi al
having o EPiftsEntR bovinB BB SiORL A D7 ot S Sl e X T o
G oup |V OptichallyT fiee Mo¥hic yégm érggﬁs:ll%ié flatdrfal\cah TaAhESf I GISY Nt hesi s

m xture having a ratio of Si0 X n the synthesis mxture of 100:1 or

| ess. Théyaogenationadehydrogdnatien camparent seleetedyfdoraghe Groap-ViEhyeblegenat i on
conponent seL?ect ed fromthe Goup VIII noble nmetals. [0008]In still another
enbodi merbetals, the moyganie grystalling suateriat sarving asex suppavifardhe support mat eri al

havi ng a |l ne, framewor k that contains Si02 and X02. The MCM 41 is
f or med frh§'r$¥§éez’g?hf)ﬁ'e%eih§%ﬁ?ggg’ﬁlﬁ8nﬁé’WQfﬁ‘ngr atio of Si02 : X02 from about
7.5:1 to about 100:1. In such an enbodinent, Xis Ti or Zr and the average
pore di arf80@7] of Int amothEhembodiment; b caalystiisbrovidéd ¢t abcluteslin A to | ess

t han aboi%I g&k The catal yst al so includes at |east one o
hydr ogenatl-df-ddetipposganteriab having ewistaliee Samawarkdhat ¢ant@ns §OYI | | nobl e

nyar ogendlianOr B RIOA HERR T ouRlAlr G Mml-£Y bisieet RialdR cont act i ng
2y r ocanined fiefd yRaB A GRAIAE 23000 BrSG0, i), fh MEURARARL | O

catalyst in the presénce of a ogen-contairning tre gas“in a first

react i on nsixage of@0at edlessddheeafatalpst also obiddsi 4 deddy dhe hsdpdgerratioandi tions.
The hydrogenation catal yst includes an inorganic porous crystalline phase

mat er i al dfRV4Legenaionco@ppReRtelented fone neup X1Harpderardtalsf
uni form y-sized pores 3 wo 2009/ 085148- -PCT/US2008/ 013751 havi ng di aneter

f | e 5148- - | : _ .
of at |eggoosjoout 15 sﬁﬂ%bﬂ?éf!%xﬁﬁ@dlﬁi@ﬂkbd&}tggsﬁlrsgtgﬁtégr | aafjir{nglﬁcfe%t' on

pattern that can be indexed with a d100 va g n about 18

Angst r oman MM idlcsuppoitcmpterial hacingsd edylstaling faaeewarkahhetomamsdios Si 02
and X02, V\ngs X}_Ls a Goup |V metal, and the inorganic porous crystalline
phase mafBf ’dP2-i §he MeMrdi s fomned frome aisynihiegisunixtaeehawing arativofof  Si 02 :
X02 of a t.4-,00:1 or, |less. ;The. h engti on catal yst. al sq_i.nc| udes at
| east ongﬁ%dé(g? fﬁé’tni %R?“ger/&}Bg"Qﬂﬁﬁ@@?ciﬂﬁBﬁ’éﬁp eé’él%/ meati Xdnld R & oup
VI noblze afiB%Ré Sverage pore diameter of the MCM-41 support material is from

about 15 A to less than about 40A. The catalyst also includes at least one

hydrogenation-dehydrogenation component selected from the Group VIII noble

metals.

[0009] In an embodiment, a process is provided for aromatics
hydrogenation of a hydrocarbon feedstream. The process includes contacting a
hydrocarbon feedstream that contains aromatics with a hydrogenation catalyst

~ in the presence of a hydrogen-containing treat gas in a first reaction stage
operated under effective aromatics hydrogenation conditions. The
hydrogenation catalyst includes an inorganic porous crystalline phase material

having, after calcination, a hexagonal arrangement of uniformly-sized pores



[ 0010] I n anot her enbodi nent, a process for aromatics hydrogenation of a
hydrocarbon feedstreamis provided. The process includes contacting a

hydr ocar bwo 2h@eadst4Beam cont ai ni ng aromati cs, . ni trogen amdTarsgamsioczsi y bound
sul fur contamnants in a first reaction stage operated under effective
hydr ot r eg{,i L L d j i ng treat
A R O R e s L S vt
net al oXidiffratibnapaticea shatwaa Berindpxed wmmtaaalowhﬁﬁ.grﬁﬁnies themsbmg g 8a reaction
product conprising at |east a vapor product and a liquid hydrocarbon
product . Amgstromas:t The iperganist parous enstalline phiasehmaterial cogtaias St ard al yst in

the pres e of a phydraqgen- tainin reat gas in a secong.reaction stage
oper at od ey herr Xt pIBoRPISaIRL AitisgBRghTas: POuhs ey JALineAse

hydr ogeng}, t i '”sg’?ﬁh : : iql. Yavimrg a
crystall ?;ﬁ%@ﬂ? g%e@o}%%atfhdgﬁ ac nt a%ﬁ%sh@%gég%%iﬂg%{auﬁ%%@ 'i)géé 0?-} oup IV
netal . Th®olEM@1 stuesNr Thehy@rdgehalion tatalRe afsoditRidey at kst énéri xt ure
having a ratio of Si02 : X02 in the synthésis m xture of 100:1 or |ess. The
hydr ogendtydoogaatiahydthydregenationedespanent selsctedrfeom the Group VIII noble

hydr ogenat i op- dehydr ogenati on conponent selected fromthe Goup VIII noble
net al s. ["0@2 In still another enbodi nent, a nethod for hydroprocessing a
hydr ocar bon feedstreamis provi ded. The nethod includes contacting a

hydr ocar jo0106jeeds Th aabilee Rhidddim@ne agsfetéssSor ArdinhiicShydroaehativh 6f age
operated under effective catalytic dewaxing conditions and in the presence
of hydr odwdrocmben fi¢edgtreamais pgagidad: The prevessiingludas abytactingar eby pr oduci ng
a reacti ?’g, - 4 - %%5@009/ 085148PCT/ US2008/ 013751 product, The reaction
product NYdreranben feedstream Gantaining romptics: nispeeaand arganigalljboyndsence of

a hydrog .0l I.eat i ond_reacti.on e operat ed under
ef fecti Vgﬂgﬁg_%ﬁa@{sﬂ%@% Hﬁgeﬁ%’g??eoéﬁﬂggﬁgqeg%i O(?r?é?‘%ar‘f‘é‘d%ﬁﬁ%g‘g%%t i on catal yst

i ncl udes yarddeddiihk SoHIGHhs ﬂﬁ?dﬁ{tlﬁ'pr@@ﬂc@%f%y@lw@rﬁ%ﬁtﬁﬁl%%% ak that
contains Si 02 and X02, where X is a Goup IV'netal, the 41 Support

mat er i al vaéh adgytootreadiny catalystsgorhprising about ar keakteonenGreup ¥Ilanefal Si-02: X02
in the synthesis m xture of 100:1 or_ |ess. The hydrogenati on catal yst al so

i ncl udes oXtdq anpdat At anedeEan Y mrtabexider dhinpraduces arpantion produstt ed from
the G V1] . tals. [0Q12]] t t nbodi t, t hod f
hydr opr o SRUBHSRE R4 Battet S Prodiiania B BT I S5rardlR PrhdGHler FB ™ nc udes.

cont act i @&@ioﬁyﬂbaﬁefi@%ntﬁé@wmy&%gehm&gc%ﬁfeﬁm iz eﬁﬂgsé’néei 45

reaction stage with a hydrogenation tatalyst 1nt presence of a
hydr ogenhydrigenacorgainieg tregugasoines sscotld eeattionedthge bpsratal onddri cs
hydrogenat i on conditions thereby producing a reaction product. The
hydr ogen&fiestive aramgties hydrogerafiemconditians. sThe bydrogenatipaicatadystng a

talli. f t. hat t ai i 02 d X02...wh X i G IV
O o o3 ks e e OV, L
Eav' NG achataims SfO.SRPX O M Heke §<hi§ é@%&]ﬁv' fndh e MEMAQ  shpBbrt! €SS- The
ydrogenation catal yst al’5o0 I ncludes at 'l east one

hydr ogenaidterialds fptihed éroah h@ynﬂmmnﬁﬁhréﬁd\ﬁﬁ%fa@aﬁbwﬂﬁ@% :XOym e | nobl e
nmetals. The reaction product is then contacted in a second reaction stage

oper at ed Syiihesis anixdanei ofel (0l or yessc Thevhydrogenasioai catakyst alsd includesatpr esence

of hydrogen:containing tre s wth a dewaxin atal yst. BRI EF
DESCRI PTG OFe x@q&e%ema%bg%aepau%gommeagiﬁ(i%qte&ﬁ% t% PRt i on
spectra Lixe support materials according to the invention.

[ 0014] Fi Gg{ﬁpglg Egllrl\%}hg' show results fromaromati c saturation of a

[0011] In still another embodiment, a method for hydroprocessing a
hydrocarbon feedstream is provided. The method includes contacting a
hydrocarbon feedstream containing aromatics in a first reaction stage operated
under effective catalytic dewaxing conditions and in the presence of hydrogen-

containing treat gas with a dewaxing catalyst thereby producing a reaction



hydr ocar bon feedstock by various catalysts. 5 wo 2009/ 085148-

- PCT/ US2008/ 013751 [ 0015] Figure 7 de9i4c_t s results fromaromatic saturation
of a hydrwoariynssfseedst ock by various catal ysts. [0016] PCyarseood/ ouspi ct s
results fromaromatic saturation of a hydrocarbon feedstock by various

cat al yst ?Oro[iﬁ’&-l MHe &H&ﬁg@ gﬁ&ﬁic‘friﬂ}feﬁsdﬂntt&téd P4 Hg&bxtdﬁg%ﬂ%w&m a

hydr ocar bon feedst ock arious catal ysts. DETAIL THE

| NVENTI Ohn[thé pBséhcesof anedidgen-¢omyiniies traat gasninavsedondiréactiin stage net hod f or
hydr ogenati on of hydrocarbon feedstreans that contain aromatics. The

i nvent i veopezatad yader eldectinssargmatiss hydregangbion foaditionsi ﬁEi:]egani c, pg ous, v
-1 alli h terni h 4 ving a ou

ot al * odiHr Sl B ol s g an LM ST bt Bt badE 4 2 a1 11 e

f s ' 1y 9f L. $ Wicsa f; titani um

bnd or - gicryaline TrEAPRBAL ot coiBlins MOk add KChEWHEREXORTGRAB LY ¢ rance. of

t he cat alnietal,fthe MEM-ddeappofiimaReiabbeingtformbd drorhfa Fneetd mextued ative to
catal ysts havi ng onl %Ssi lica or silica and alum na incorporated in the

f r amewor Kaving aoatio Ph8@asXQgin the symithigsis/maxturéref ¢00dl grstess. PThé er abl y, the

I nventive catalyst als incil uw, Pd, or ?‘B{ I Xxture thereof supported on

the titanlVSRoeSRlgN Y Halsq § Gsratdeast angi a}%ﬁ?ﬁBPPT The support can

optionall ] ' ,ha, silica,

Ft ani 2, S5y SrogRHglo chipdnEnPtel BRES SR ¥R oy VIR e AR, o i ons

t her eof . {)0019] The inventive support, when conbined with a hydrogenation-
[0012] In yet another embodiment, a method for hydroprocessing a

hydrocarbon feedstream is provided. The method includes contacting a
hydrocarbon feedstream containing aromatics in a first reaction stage with a
hydrogenation catalyst in the presence of a hydrogen-containing treat gas
operated under effective aromatics hydrogenation conditions thereby producing
a reaction product. The hydrogenation catalyst includes an MCM-41 support
material having a crystalline framework that contains SiO, and XO,, where X
is a Group IV metal, the MCM-41 support material being formed from a
synthesis mixture having a ratio of SiO,: X0, in the synthesis mixture of 100:1
or less. The hydrogenation catalyst also includes at least one hydrogenation-
dehydrogenation component selected from the Group VIII noble metals. The
reaction product is then contacted in a second reaction stage operated under
effective catalytic dewaxing conditions and in the presence of hydrogen-

containing treat gas with a dewaxing catalyst.

BRIEF DESCRIPTION OF THE FIGURES

[0013] Figures 1 — 4 depict X-ray Diffraction spectra of crystalline support

materials according to the invention.

[0014] Figures 5 and 6 show results from aromatic saturation of a

hydrocarbon feedstock by various catalysts.



dehydr ogenati on conponent, will be referred to as a hydrogenation catal yst
bel ow, with the understanding that a hydrogenation catalyst can be used for
bot h hydrwQen@rissrasand aromati c saturation of a feedstreamusSiosiorzsiy, a
hydr ogenati on process can refer to either hydrogenation or aronatic
saturati 0(0.0%1& fq]%gﬁ}é ?%@Pi%@&%ﬁlt??ﬂﬂﬁ%f&ﬁ&ﬁc situtaldieof #hyystansgnat i on by
the inventive catal yst I ncfude any conventional hydrocarbon feedstreans
wher e hydfeedstoak bgrvapiousataly909/ 085148- - PCT/ US2008/ 013751 aronati ¢
saturation is desirable. Such feedstreans can include hydrocarbon fl uids,

di esel, k ne, @and | ybricating,oil feedstreans. .Suc tr can

o) So°i nol (HAIBEL heFigieg ¥ Hepfcd® BN fom RESHAGE PP cta BSHRICRARIE

f eedstrea itved fromcrude oils, shale oils and tar
sands. Syfr%ﬂgtplegb??eaggﬁgffgﬁﬁg%tgl hose derived fromthe Fischer-Tropsch
process can al so he aromatically saturated using the i vené}i@ve catal yst.
Typi cal wH01Zbnt Hignieg depigts reehles from arpmaticspvration P hydnecabeni ng” base
oi | s have,.i aittiﬁb boilin gaﬁi qts of about 315C or higher, and include feeds
such as rEgHNES yuv&égqusﬂc? dtPackates, raffinates, hydrotreated oils,

at nospheric gas oils, vacuumgas oils, coker gas oils, atnospheric and
vacuum r eBETAILER HIRSCREBTHONSOFSTHEKINMENI IONI Fi scher - Tropsch wax. Such
feeds nmay be derived fromdistillation towers (atnospheric and vacuun),

O ot 2Ry Y LB GPRch ARSAR AR YES RELIN Bl hemoRfi TRy have vax

contents _ or“nore’ Preferred lTubrica [ I'I''ng range
f eedst r eapRdropehatith SERPELCEAHN febdFeany that Bohtam Arneatic’l Twed - 760F.
Di esel boiling range feedstreans include feedstreans which boil in the
range of u®6entivé6aalyskeradsdesra bappdrhgompnsgd 6Ean gtorgamis, pordusdron-eedst r eans

whi ch boi] in the range of 350 -, 617F, [Q021 rocar bon, feedstreans

sui tabl e mﬁrqdmﬁellmerplﬁa%dn@tsﬁﬁhmca@éM@ﬂ\%;{ylgmvm&@ eHp 1¥faetal,

sul fur-contani nants. Feedstrea tal.ni;n . %% i gen,
based on THD Fandbiim of AR EATInGORoRE RGP ol Bratify o forkhig 85,
aronat | CSccﬁﬁEo% pre®drily of Bifich! TR PrefmeSTRithMiuyiRhh @t ZAEBARINMTRN e the
sul fur conteht of the fleedstreans can be bel ow about 500 wppm or bel ow
about 300framemork unbrpestedlycuipraOés theparformanet of/ thd catalykdforppm  or bel ow

about 20 wppm The pressure used during an argomatic h drogen.ati on process
can be nollydrogenaligreandsar safurasigneel arematics gelatiyate getalystahpwaganlram Feeds

200 o moAlich SLPHiSh SR JEArR AP A Ao SRS SR Rdar 0 ASTM
t hod . i : . .
EnIiCT ;) nggg%?% i@%gpfs}%g%g?lﬁ’ %ﬁaplflgtféréﬁ!%éh%ﬁlryggﬁlggngt%?ﬁﬁaﬁawg luadteS IPé’ast one

hydr ogenapd oot flgliyehi © gested f suppoeted wiethie.tithhithecahtayninglue Aroopiurh- mat eri al
is an inorganic, porous, non-layered crystalline phase material that is
char act er ¢congdiningisupportallbe suppos cay optionallbe dpuadivwitlhone of meret ern wi t h

at | east on eak at spacin reater gr.eater t.han .about 18A.wth a

rel ative ?’Hﬁ@%s?'t‘?}‘%sfgl .naP?‘gf’grthP&?,’yﬂ » SEEPER Sl BY ?’é‘i%ei %‘Y\lﬂﬁ?’so

char aCterélﬁﬁﬂnQScallao\fﬁlgﬂaﬁoﬁfpﬁe‘?Q@f sorption capacity greater than 15 grans
100 g e

of benzene per rans o material at 50 ton (6.67 kPa) and 25C.
Prefer ablil, t he support material has a hexagonal  arrangenent  of
uni f or ml yl0919bd poFleinyentivg stareruhpe combaned with ahydrogeaationm por e

di nension gf at |east about 15 t than about 100A. Nb bl y,
the- suppoféhygbetidion Srapbnty yill bEESsEd ladd A tydrogeitap fubgl = =Y

char act er i, St t @ﬁ%‘q = gtn&F: i ! por es of
at | east ?%k%ﬂ%?%rﬁi{%ﬁ%%x b?tggég&%ré%ggorlla g%ﬁa(lik;t frcg%%g?{lfs ? !riggl'?i on
pattern tbah Baltogénadtivhcarbarondticasatid@fion dif uefegdstedamii. Shaibladppat 18A, which
corresponds to at |east one peak in the X-ray diffraction pattern. MCM 41

i s al so depdnogeeatiomptocestearsteferto qtheshydroganstion &, aoBaBgsatBaBgms, 657,
and 5, 837,1632. d[50023] Cenerally, crystalline support materials according to
t he i nvent} @feedstream.

[0020] Feedstreams suitable for hydrogenation by the inventive catalyst

include any conventional hydrocarbon feedstreams where hydrogenation or



have a conposition according to the formula Mwg(Wa XbYczdOh). In this
formula, Wis a divalent elenent, selegcted fromdivalent first row

transi ti omoreeevalssi4pr ef er abl y manganese, cobalt, iron, amdrars2008gnzsi um
nore preferably cobalt. Xis a trivalent elenment, preferably alum num

bor on, 11 @8nf Atyriftbh i RsifIIE BLEH FERirkail uah MeTudd hkBratatbdd aval ent

el ement such as s Icon, titanium zirconium and/or germanium preferably
silicon ofidids] dieselykerodens; anddabtieatingeoil feedsteains. Such faedg:tfmmmms Mis
one or nore ions, such as, for exanple, ammonium G oup I[1TA and VIIB

i ons, usualso ;nqmﬁr oen dlssdhut@fﬁaglﬁtxmns,fmgbxdmgwaar@ontawng &eda@e@nar ge of

;CZrSSQ”Ssii deRH T ygLErPm g pulsnUrale o aRadacrandsi gmtﬁf@e??pdomafa,
nunbér of @P?%%EH%H&?E%&F Wgﬁ%ﬁ%ﬂe{g;ﬁ‘rﬁgsﬁpgr&e erreé \érerb)cl)al ms*lr\;5 gf

crystal | i sionfitieRRy tsamteﬂhﬁh% ﬁiellha@fhevd‘wtalyse TeprRaNwax&onaiRfHpd/ 085148-
- PCT/ US2008/ 013751 a and c1=0, h=2. In a preferred enbodi ment, such a

crystall |f¢ed&todm)fctr thapmpaaatwrsoﬁl-uhvtdmmg beep pds haveimtiabhboilin@gsodhtsn t he
as- synth df e support m uitabl e for pyse herein have a
CONpoSi t| 33#&%5&%}5&83‘5{1&%“&%&53%% AT uFP‘é&W‘tjj:Sby the formul a
reM', q ( uded in
BRI T R s R SO e
mol e fracjlQBoRér é%s RARS aﬁ%@%e‘ﬁmﬂhﬁréﬁ& @%ﬁﬁﬂiaﬁ%ﬁ%lﬁ" §lackhe materi al
as a result of their presence during crystallization, and are easily
renoved owaxésnartdEischereTrdpsbh waep| Swdrfdeds prst be dgrived fionadistillattehhods
descri bed below. To the extent desired, the orjginal e.g.,. sodium or

chl ori de tom(aﬁm%nbera%a@@ NasaKN),dy digerackers, }éaydrpﬁ'ﬁgter%%@%t;ﬁ)ldﬁnban be

repl aced | cordan th conventl onal .10 c ge tech Preferred
Fepl o ng RO G aE el FEa RGNRats WO Ok gt breitdor - e g,
anmoni um f SEinh B ons are
t hose mhilglﬁﬁgé% ggqoﬁl%%em%é fgwrrgt S?E%}:‘%fegf;?gfllﬁ%ﬁ?énﬁhﬁéﬁ??ﬂa qclzéat al yst.

These i nQiangeoﬂWZOGQIﬁWFr dD&:selalbdilllngEhagsf&ﬂdtrﬁﬁh@hn?cloﬁe Gedlsprsandk| A (e. g.
M), VIITA (e.g. g Gfé% IVB(eg, Sn) of the Periodic Table
of the El'shightboi mhmrmgﬁ @54 0 —t6RISE. iKeresenaboibinerange fepdstreamsi on bel ow,

formation _of cr | 1ine r. terials escribed with respect
to a syntlﬂglfé‘ﬁdg fﬁ?‘i@?ﬁ?@@%‘ﬁﬁ’c&%ﬂ‘hﬁ‘”&‘ﬁe‘@g? Bg%gﬁgﬁ f materials. For
exanple, the materials can include a source of silica (Si02), a source of
al um na (ja020B), dpdrocarbonffetddtesnnas {ulitadly forarsecheseinralso obntain coni a

(Zr02). One way to refer to the mxtures is sinply to refer to the ratio
used of eaa@maél@ﬁﬂaﬁ@ﬁrogqrbranéwﬂrﬁqr@onmnmn@ emdétrgamwxputaenmgatp tont ai ns

ot e, L@gﬁ%ﬁaﬁ kEngiFe e PeistispiiuRa0 3 2% AR din) S num
Ao, Wil RO h iR Yr 05 FRIRLs Bl oipgspect i vely. To

account fOI’ t I en maki ng conpari so en m xtures containi ng

al um na asmbaodiniontss she sulfat cortent oft theifeedstreahisceani e béloe HARPIOs bel ow
will sonetines refer to a 9 wo 2009/085148- -PCT/ US2008/ 013751 rati o of

Si 02 to (Wppm) or belopzalbayt3 00 wppenm opbelavadboyt 20kwppmatordelawiabost Si 02 to
Ti Q2 of 3):1isth%fame as ratloi.& Si02 to éﬁd‘g‘}f) of 200:1. [0026]In
vari ous oY PR L P€ EP‘;}’S b RO Uy éngug’éér‘?‘ﬁaﬁl?\e

hydrogenation process can be modified based on the expected sulfur content in

a feedstream. Feeds having a high wax content typically have high viscosity
indexes of up to 200 or more. Sulfur and nitrogen contents may be measured
by standard ASTM methods D5453 and D4629, respectively.

[0022] In an embodiment, the invention involves a catalyst, and a method

for contacting a hydrocarbon feedstream with such a catalyst, that comprises a



invention are fornmed fromsynthesis m xtures containing specified ratios of
Si02 to (TiO2)2. In such enbodi ments,_.;be synthesis m xture used to form

t he crystwbl2oovpessupport materials has a Si02 to (Ti02)2prcatiseoosfoi®ZeD: 1 or

| ess, or 150:1 or less, or 120:1 or less, or 100:1 or less, or 90:1 or

| ess, or ‘ , : ol X i 30:1 or |ess.
As descriﬁ’g’g&g@ggeﬁﬁ?’h%ggldr@gﬁ%@%lb?égg%%%%éﬁé%?%'g%?(ﬁ)aﬁ%z rati os rangi ng
from 100: delydrogsratidawoniorient 1 Pe¢fetabdy, the supp e matetiatisramninergdnie, support
materials are formed fromsynthesis mxtures having a Si02 to (Ti02)2 ratio
of at | eaRerous, non-tayerad ¢rystallingphasegnaterial thattis claractesized((in ¥sist 30: 1, or

at |l east 40:.1. descri hed ahove, ..these rati.os correspond to §02 to Ti Q2
Yot o' r R RGI DB BY andlae riraptipp Pafienbwith asdeast SnReek elaids i n
crystalli IR . i . ut 6

wt . % of T‘?b%cﬁg@? ?fe]r q@%ﬁé?%%%%?ﬁ%ﬁ?? latlﬂeefrgtg@ﬁg{}ﬂ%@ %%fg%érbt?y’ar}g? erials
used in tdipporvaBidrial ivileo icharRerizedisthasiny H8ehser® s)ﬁrgﬁ@n Rapadigy a Si 02 to
(Zr02)2 ratio of 200:1 or less, or 150:1 or less, or 120:1 or |less, or

100: 1 or grester than 99 gtamos of bepzensrped .00 granmisaxfthe mnatéfallatdi0 toes€5.69r 50: 1

or |ess, 30: r.less. descri bed aboye, these ratios correspond to
Si02 to @9325%9 r%rﬁg«?rﬁgfw tasmsupporymaterial has adinaggnalgmangemeats. | n yet

ot her enmbadi .he ; | e f d fr thesis m xtures
navi ng. a & IRy SRS S EhSUR pREnRIE crob SR RO T O
25:1, or @ndmisi ofSAt 1éast@boat 1596 ¥ssHanlabdiit IOBFCT INIBEL pRIMADIY, IRSE rati os
correspond to Si02 to Zr02 ratios ranging fromat least 7.5:1°to at |east

20: 1. Thisuppestuhateriahiscary ME@M-dibsupperondterial. eMCMs4 1 has achatagiteristicom about
3 WM.%to about 6 wt.%of Zr. The synthesis_ m xture for formpg the support
mat eri al StEietenes hexaganallsamangedoinfosmdy-sigedrparss of atleast hBAin a silica

to alumng ratio in the.synthesis m.xture al. least 250:1 r at | east
500 1. ordiaetarand syabiS heaRoRal s dfirablion Shfthet Mot G BE: ot i on

bel ow, vaki f Rﬁ?@ i l1wizn W H&E’(Psr ials are
descri begwekl\/d% %ﬁszﬁ%%gg? eﬁgg sﬁ(%ﬁp{ﬂ 1ALy cBired to dFHE%

10 WO 2008He0fak4f-theXHraisadifBigiction pattemnt MICME-41 ixoalbaidesdribalmhUsaitedor t
materials) that are cor‘rgosed substantially of Si02 will be referred to as
Si - NOM 4 15tates Passnindiumbers 088,884 hS73:6500mnd BETeGBY.r om a synt hesi s

m xture that does not contain TiO2 or Zr02, and that has a Si02: Al203 ratio
of great gpoblhpn 2Q¢ i) hed¥eith inne
support frlgt erral s@%%%ﬁ’férg%ﬁgigﬁ{tﬁ@g Itsrlgtﬁ%tl%% W trﬁltgntﬁ%ix%\té@,&d?% ratio
of 200: 1 lavelaessmpaoditiohaccefding ealtHeoformubd Myl W4 X, Y3A44©% 3! Ini thés suppor t

materials formed froma synthesis mxture with an Si02:(Ti02)2 ratio of
200: 1 or foswyla,iW|is pdivalent elemend setected from divislens fivsiviom transisional s.

Crystal line su rt.materials forned.froma synthesis m xture w an

S o ( zr D5 R e A<, COBE ifon, ahEoF rgnesiTonSte BBkl ni ng
MCMAL1 mat el Sy ; {re IR e rd and

Zr cont ai n%ﬁi\/%(\/fﬁkﬁn%%lgﬁ g?%&yrgﬁggﬁ@nﬁ@%@ shaéﬁjongﬂntggln%@%ﬁ‘ al um na,
with an SidlRudl Albte paéfetatill abd@inum. 30{Y dictiafvaleds eidphontitughes silid@28] I n
various enbodi ments, the support materials are crystalline (i.e., having
suf fi ci ertitaniugarzireonpimandéorsgeritanivm; prefenably silicon aod titaniuior Zdganpl e, by

X-ray, electron aor .neutron diffraction, |l owing calcinatiqn with at | east
one peak)PSHARIHSlEMEN, SUch aﬁﬁg’ﬁﬂms'c&g’rsa%ee? OEe I3RSy sh asfetict ur e,

which in [ eﬁ]ﬁ] o] ' : jts . hi-agh sorption
capaci t y.c'J 'ﬂgﬁ%’er m %@s%bobr?égél{g’ Qg\‘ &iﬁﬂpﬁeﬁgﬁsﬁ\,ﬁ%l{lglﬁggg{oéfg ?%lgg]at e
crystal s andvorfusridd fon¥ Pares thy dhdirge bhehd eoiiposifioh eRBlulgsiM 13A t o about
200A. It should be noted that "porous", as used herein, is nmeant to refer

to a nat exipa¢ssedhas oxitlesy gds the weighted mplamaveirage vatehte abMgavgds theuch as Ar,
N2, n-hexane or c| ohexane, . per 10 raps of the porous materigl. In the
descri pt iTBIRRY chv%‘ot?éroé @?lfeﬁg‘é}%%folﬁg\?e b&dyd AL mOi%grasym oEw’pti on
data. As gtat AL es [ ' IS AC. i ¥ sing a
support - iet S Zridybecshafy: B BOEBhmbBY 8P BT 3 SUARE LSS IF HE "D 2,
about 404 gpﬂéf@%@d elbvdahent oflérysallaRosippdpmattifhlSRIitatE EhenRheremdout 20
to about 30A, based on Ar sorpfion data. In another enbodi nent, the average
pore dianmeter is at |east about 15 A, or at |east about 20 A In yet

anot her enbodi nent, the average pore dianmeter is about 40 A or |ess, or
about 35 A or less, or about 30 A or less. [0029]In the description bel ow,
materials with an average pore dianeter of about 15 - 30 Aw Il be referred
to as small pore materials. Materials with an average pore dianeter of
about 35 - 50 Awll be referred to as nedium pore materials. Materials

wi th an average pore dianeter greater than 60 Awll be referred to as

e N o o o - Y e . oy




from ot her porous inorganic solids by the regularity of the |arge open
pores in the support material. The po_rga_si ze of the | arge open pores in the
i nventi veweuppassi4sat eri al nore nearly resenbl e the por @C3iuseosi1EsDr phous
or paracrystalline materials, but the regular arrangenment and uniformty of
size (porgagd a20dhkd h=RUTH AprifrfderAbSAIREM, SUASEciYstalfiRd sepprp! €, +25%
usual |y +15% or 1ess of the average pore size of that phase) resenble nore
those of matesiahld amMEMaARWOpporansterial. s such as zeolites. Support
materials for use herein can al so be described as having a hexagonal

arrange | ar n annel.s. th C nesi z £t h. open

i nter nalma@lhgmet er sl,ﬂqu§§'&y§ﬂ‘ef&’rz§8ffBFPgII‘edsg‘tggsﬁf‘f‘%’fﬁq&‘gﬁ%ﬁﬁ&%ﬁ% lIsgss t han
about  40AerpinHLleadtomBOaHbn lon bR aARYHEoud HasisTBkFreBs&S @iﬁﬁméang the20 to
about 30A. [0031] The term "hexagonal ", as used herein, IS inténded to
enconpas sformul RV ey XaY 2 it whete Riig theatobed magamialrhaterial iscct hexagonal
symmetry within the limts of experinmental neasurenment, but also those with
si gni f i caneluggddn Migsanden; and pissthecogfligiant fordali.estthe aumbarof melssagonal

dtod i th i al itable f. ini t
o ref er Gnprian oh: MHOM i hrraroneith e ad WaRNEE be sur r ounded
by i X negsEsal BERGRN of IR ReSerite AAMNLY SR ARIE o ShRggHy |t shoul d be

not ed, however, t ef ect's "and | nper rons 1n e support “material wll

cause si grRhidvedr, fitlieasase of Mhephled biypost-@rystallizhtin efidtheds on to varying
degrees, depending on the quality of the material's preparation. Sanples
whi ch exhdascribed beloyh Ao the Estentddsinedidhe atigoral Mogrgt,Isedimeoage r epeat

di stance hetween adjagent 12 wq 2009/ 085148-- RCT/ US2008/ 013751 channel s
Still ol cipydeiions pEhes-svihesipsmaterial offhisdnyentin b ReRRe e &

Conpar abl i at | S I 0 he

el ectron agﬁci")fadrdgg% :v%iﬁ]‘?%grgxfeéﬁi r?zl.gl %ﬁ%ﬁé@%@%@#‘?ﬁg{ %@I"éﬁ?e@:ﬁﬂ@m e for use
herei n caBn®dii@Piesl iBis, HYArdEeH onk "RYMrolcBn phecudsdr, e @enahaldnjumt he nost
regul ar preparations of the support naterial give an X-tay diffraction

patt er n won$hasd frewtwes of these nens. Particulaty peefereddohoareathgbe widch on.  The
positions of these peaks approximately fit the positions of the hkO

ref | ect i dHeVIdedhe desigshmstall fungtionalgy yirF e finahgatalyst.(Lhese dnclpdet er n,

h . I ffichent indicat t t h

ot ot af 00u88n, SR mBal b At GRS VG PHEDG VAR £ne - ext ent
of 1 epet NDOB 4.l RU)STYBA(eUE. oS bR Pohfbcit FuBle SPMHcIkARnR kPt the
nunber of peaks tThat 'w | be observed. Indeed, preparations wth only one

di sti nct midtresofitheselions.angl e region of the X-ray diffraction pattern have
been found to contain substantial amounts of the material in them O her

techni qu il . 1 structure of thiys. material are

transm sglﬁg%g)]el e(k:l!tﬂ?li)é;lgérﬁ% E‘I’E‘g’fc‘?ﬁ;‘;‘g#&" e a&:}é rootﬁcrgf,tplfl}r%?cs[quﬁ_rt IIBP%;S'@H y

ori ent ed wiEkd ABdesibRE with tédpedt M@ﬂitheﬁ@trﬂ&h%%oﬁ%ﬁ\h% I}%éﬁ?&pﬁ'ﬁos _
arrangenment of |arge channel's and thhe corresponding el ectron diffraction
pat t er n gifupaternlsadforexamgile) themategalsadandnchrdgensnirco bf gilichr(8od;)pa naxi ma.
The dm spacing of the electron diffractiaon ,i)_atterns is the distance between
adj acent sopBresofumipa (ibOs).} surre pf Htanim €1 Hd)agbn spuncgtafiziwonid i s

I d di . . 0 bet. ha I b i h
CFeet r on GrOREDER SR, R3S ThE nikRisds BYHEEY 16 REEEe e dRRE WiR 910 ot ng
obser ved dagh Bpdngt ' Por &J}@é@; Fra o ARALAE RAXAAE IRARIANANS BolthSiiga SPaci Ng

of a low angle peak In the raction pattern e suitable
support randditania, thehetioosft Sik,gbI BiOgrodarbed] 00 & paledsi Mistephotveeers thdtabl e
support nmterial obtained so far have 20-40 distinct spots observable in
the el ectthehasicunitfor abrming ¥d:@s containe2 gdumirum atems.behiladdQedndi t h t he

h I Kk hset , of i flecti 100, 110, 200,.210, etc., d
TR L AR ERE I BRI M M AL
[0033] I N thjding RoighERohS behweuiPRAk e dHaidly ShliAlafdifiines herein may

containing titania or zirconia, the examples below will sometimes refer to a

-




al so be characterized by an X-ray diffraction pattern with at |east one
peak at a position greater than about gl8A d-spacing (4.909 20 for Cu

K- al pha rwdi2atvmsi4swhi ch corresponds t'o the di100 val ue @CTiUse008/0&375T On
diffraction pattern of the support material. Al so, suitable support

mat eri al i NENI'g e L i ‘Ogdrgat er
t han abou%tagk?ygsﬁg)&gaéggggﬁg? g%@g?a%%@%yﬁgﬁflg%k%tﬁ% g@?ﬁ%)ﬁand 25C.
(Basis: cTiGtaf 10081 ¢ i) sanay ang ritdeof Si@ateeiDg),20f 200:¢npt to insure no
pore bl ockage by incidental contam nants, if necessary.) [0034]1t should be

cui  abl o WYBRE, ¢ HraptiPhs FEPeARE, TS RhIRE SOBRH BRI AR R Bhiage by
| nci dent ahy AR at RiMitd FOih SHMBYCmitdifes ntinRk SRR HridiGreonduct ed

on the cryst I ne mat er phase havi ng no pore age contani nants and

wat er ren8idsdolfTi0s)i TasychreinbodimeMs] g syavhdsis mextavedsdiytodfoycthat i on
techniques, e.g., thermal treatnent. Pore blocking i nori;ani c anor phous
mat er i al ssrystajine sippoctamaterttlbhae StQ: ta(Tibk )y ratiovaed 2y 1 oodesscor wi t h aci d

b h hem, cal h he,  d ital ial will b
o R R ot G 2o 051 e T e Bh et 5
nbodi 0 J Y (PPN -1 I,
orood, et o 5, SECLPSH 6L AU o g UG HRREIL SRS

pattern Vhidrfksgbndi €8 Si0} YO TROAKRicR3traRginist frGNS] (I: B &k Eésstddavh &P P51 GOA
d-spacing (8.842 20 for Cu K-al pha radiation) which corresponds to the di100

val uef o:‘/\hletsﬁ lnl etber embddithentsy ﬁmrsuppottenatcriﬁlbstare fermed ftonmay rthiesis , dat | east
: . — 18A d- ! na.
peaks at THOGVESS AYinES SIOnkn CEOR TR @%Hs&tﬁétzxﬁrwt?i’%assﬁﬁ‘ﬁhg%m?gns?gy
0, . S i < 1
S Fay di 1PRZTE P P 0Lt R AORPE0 RS st SRR ABSE RGN T on i

have no pekspohad BOSIO) W?id);ﬁﬁiéshaﬂ%ﬁg%mm/feﬁt oRtitHat Yash204!l ative
intensity greater than about™ 10% of The strongest peak. In any event, at

| east onellpsagsults infeeystallme stipbbrtanatenials thdt @entain from about 3 wt.% to
2009/ 085148- - PCT/0U8200_8/ 013751 pattern will have a d-spacing that
cor r esporidouf 6 Wi ofibo Ipastilbodter embodimentsothesrysialling $ippoit t ern of t he

i al . [0036] The .cal cined.. i i | d, | LLi
mat or 1 al aTAR I AThE M Rnion e Fiihds 6BR0a TS BBl faang g, g a
pore si zegipy, t@l?zi’@)h)égftié’ braneat §f 1te§s§tdﬁ%vr 81, &hl’f(l:?gfr%ésoﬂr 100:1

measurenments. I't s d be note pore size,”  as used heréin, I's to be

consi der ext lessyox DoLinopsneord(: liorless) 0560 dantlesy) opdi0el di 1es8s61030:dfort he
crystal. [0037] X-ray diffraction data were collected on a Scintag PAD X
aut omat edess fA$ desarthedsaboventhesp ratioseprrdspond to $iQ, e dnek ratioCu K- al pha

E?SLZ? <1 e g 50l e SRR b 1 o U R SRR RN At od
cor 11 mat SaPByr aaasralscte FoltREd fi SEheAR AR REVERE TR0V IGEROE, orer e

slit sizeatid®fdt lesel$i10or ht ast 2@ 1 Xof &Y1chstlDS: oo fideasts0el, broat 1dasp, 0. 3
and 0.2 mm respectively. Different slit systens may produce differing

i nt ensi t i48s1.f &s daseribedikbove theseatatios asbgrespgondi® Hitstordr@yratiosi on t hat have
the | argest pore sizes y_require i.ghl ol l i mated. i nci dent X-ray
beams in rﬁ?%'g‘g %rnraéjgprs\rt:gq:ﬂ]éo|a659a§g§(5:§. B@Hﬁrgsr“iﬁlpﬁéyﬁt? BERUPPEH i nci dent

X-1 2y beaiychORIRTBGh A fbAFAOAR 11013 WPASol R 958F 2F. SRR o at

mixture for forming the support material may also contain small amounts of
alumina, resulting in a silica to alumina ratio in the synthesis mixture of at least

250:1, or at least 500:1, or at least 700:1, or at least 800:1.

[0027] In the description below, various preferred embodiments involving

MCM-41 support materials are described. MCM-41 support materials (or



degrees of 28, where 0 is the Bragg angle, and a counting time of 10
seconds for each step. The interplanaroqpacings, d's, were calculated in
angst r onswQAp9/madst he rel ati ve inteﬁélties of the |ine®CTHS2008/083761 1. i S
one-hundredth of the intensity of the strongest |ine, above background,

were deri Al : f ! iy b A j W pties
wore uncor By epiRrteh soppBidhpicRals) hAie bBHiroREd yBRaAFURPSE

i ntensi ti8iDavil be veforred tb @k I$i-MCMIH . shobetamplery efystalline’d 1?315- 100) ,
s=strong é50-74 , meEmedi um (25-49) and w=weak (0-2§% The dl? racti on data

li sted asfosmedifeomiassnthesjs nuxsire thasidogsinpt portain/ B aemZr@,, landdbatwhi ch
under certai n,condit{ons, ch as very high. erinental resolution or
crystall otgarsa?pﬁﬁg}g%dégp %e%tﬁbgﬁ’ln Mhe‘é’b‘fégﬂe fregdpas AtMGMl .y ed

i nes. Tygpj . ' i inor 15 wo

2009/ 0851@@%@# @%@%M@@?q@ﬁﬁ%‘geﬁ’?ﬁ%ﬁﬁéﬁ& Iﬂg%r‘ghgta@rs and/or a
change i rSiQYALE; ratigGER0D: 1 ¥t [BOWillbesrebsitalid & ALMONE 41N Cisthline €.
These m nor effects, including changes in relative intensities, can al so
occur as suppesuhateoilsdfoirmeddnomsa symthesis onxtwewdtit an Si@uED R, cavivposi ti on,

nature and degree of _pore filling, thermal, and/ Qr hydrothermal history, and
peak wi dtﬂ)oslﬁé’bie%é’}”illal?q wierrad £o 8y Tingontainiagdyisdylshbhmatesiglect s, struct ural

di d t t kn t killed in th t of X-

ai 111 act i Y BBE spARP bRusRA Toliied BB b anPosirtGufhant’y 1"
diffra i rboiiZeAedNsr It P o
or  cal ol no /A PR BI200C) OFIeR) ol B ysictfed DR T B BihEMERRY oir ' ana

ot her tr eHit matdrials.f Noectims doth Ti-coanimihg MOMi41 marsiads amd Zpor e bl ocki ng
contam nants, at 25C and 50 torr benzene until equilibriumis reached. The
wei ght ofcopénmgeM{dylvbl materials mapealse inelude smallcameunts ofladumina, [ 0040] The

amoni um form of. ~t | atal yti gt epjal, may be readily converted to the
hydr ogen Wﬁﬁﬁ?g’%%@?ﬁﬁf&%@tgmt—?b@ﬂepﬁﬁf’?%hgyﬁ"ﬂh?g thermal treatnent is
generally perfornmed by heating one of these forns at a tenperature of at

| east 40q@028f at Iheasibud embudimentsd tlgengpakt matesiald aeggystallie @@.,hours,
preferably fromabout 1 to about 10 hours. Wil e subatnospheric pressure

can be ehgviigifigient pederniernravideradiffrastion patiorapchias, faresxemple, by desi r ed
f f i h i ir. itr , ia, etc. Th
thermal - cF Satrfrantt BEfon AHifihahiSn, foufiving Saldirtior g det on950C The
th |1 i ] (s ef | t J f
cortain eaKEMestndrons dabpdrt obAELAR hafacler B Wy ldk SRfCLR PHIER® 71

mat eri al intladedexteernelytlaige porenvimdovssss wellab®yhtehiphtsofpicon ¥apaeityl 0041] The
support materials suitable for use herein can be shaped into a wi de variety

of parti cile tsrmesneseparqusl') 3s uisddhareig, it meastuiopodicatmerystals haeingi cl es can
e S SR SR B g b Ta SRR i B 3D o
Foroen “iBPIAE S8 0 ISR ATIDGRRISSTnub R ARE AL P

at least 1 gram of a small molecule, such as Ar, N,, n-hexane or cyclohexane,

per 100 grams of the porous material. In the description below, pore size

values have been determined by Ar-sorption data. As stated above, the present

invention is characterized as using a support material having an average pore

diameter of about 15 to less than about 40A, preferably about 15 to about 354,

and more preferably about 20 to about 30A, based on Ar sorption data. In

another embodiment, the average pore diameter is at least about 15 A, or at

least about 20 A. In yet another embodiment, the average pore diameter is

about 40 A or less, or about 35 A or less, or about 30 A or less.



catalyst is to be nolded, such as by extrusion, the support materi al
particles can be extruded before dryi g or partially dried and then

ext ruded.wpQoeb2js3tae si ze of the pores’in the present supporiS20mses’sal s are
controlled such that they are | arge enough that the spatiospecific

sel ectivi ythr : b ; i } ! such as
cracki ng (W02 ' BOBE HesertplioR BptoV, M RHal QR BR SR radt SIS Jitfier

| ndust ri abf fguitilGat 3I®Aswill B6 rélditddGalas IshidliietebRatepials. Mbtdials BAAP) , to
which reference is made for a discussion of the factors affecting shape

sel ect i vi atyaverage phoadiematevobebowidéd 3hArwill be uefesied tojasimediunbperear e al so
mnimzed as a.respylt .of the very |large pores. [0043] Su r terials

sui t abl e Maferiae %ﬁ%‘ilﬁsé’gﬂ’ﬁ’é%{é@ﬂ%ﬁ%a@m?tﬁ? ére&f?ﬂ&SP\Qg@sA V\r’—r@v@ver, it is
preferre j i 0 ; [ AN | e bi nder.

mat eri al dth%?ésd Eé]ﬁ%lreﬁ?gﬁg?%% flngreq‘lfgalé'sg}jgbt% gedgl? ?%%agﬁéte&aﬁgéeé B'fpnatt erial known
that is resitedIRdintpart ByBeleetibg adoAgét dridhortee eaionl ¢hiasn €sfptheyed in the
present hydrogenation process. The support materials are conposited with

t he bi ndesurfactantiwsedtio thosynthesis mixturd fonthgl materiaht o whi ch nmetal s can be
added. Binder materials suitable for use herein include active and inactive
mat eri al s |1 L i 3 i I i.des such
as al um ngﬂﬁg i ca?g? Elg}ﬁcﬁggi_ag?@% ngté’tgté ifﬁjﬁ%t ﬁéerre ﬁ{oéz-ifrgggﬁgsﬁfglﬁu%'eg itania or
zirconi a figih atheP pbfousSAbrgaMix§slidsbypihetegtRirty EYhe ldige BPenpoELs iAUCh as a
m xture of a silica binder and an alum na binder (as opposed to a bi nder
conposed thie sspportanaterial.nThe potd size of theSlarge ape paresdn the invendivet i t ani a,
and zirconia are preferred binder erials, and _al um Ba iS a nore

pr ef er r edSURPQBMAatEII saeregagly; rgpemble the pore size of AMQIPBRUSOF her natural |y

it ur o Bireh e Bt Rity, O R oA BREk e B B gARY PR se or
material {ghré SideWistibafioiwithin Z&Akid shalk deefor BRhRIPI&! +2 3% usuaggnbi ned
therewith or present during iIts synthesis, which itselT is catalytically
active maylS¥taodess bfthecaveeagd poreaict of thaephase) veseynble mbre those efied

catal yst. Likew se, inactive materials can suitably serve as diluents to
control t#Esthimiragrewakuerisrigh suchiaseephitase Ruppor spatetialsilor 8591 oyed in
cconom coprSL Srasr drscbed s Bnaronbaon ST o1 Shernous

enpl oyl nOcipihefs HaeEMm B@Eyﬁ@iﬁ&i&@& Wiﬂgo%é}?'r{t%%l gfamh&efs! based Jhage i nactive
mat eri al s may be I ncorporated I nto nat ra]I y occurring clays, e.g.,

bent oni t es@ptiols datd, frorh @aboupt Hve ldsb¢har atsdutskodgnutferablytdbouc d6abyst under
commerci al operating conditions and function as binders or matrices for the
cat al yst .alf(!l(!@ﬁ%hvm@g@ﬁ&rﬁbw ahaw20doabeut 388t e for use herein typically
conprise, in a conposited form a ratio of nmesoporous support material to
bi nder mﬁgﬁfﬁ?' raT'HJEfEin{“l%ﬁa%oﬁﬁl’“d%bfeﬂ%e?b'ﬁp%fntéi?d&‘ftioaéncﬁ sPAbE S
support terial wth O parts binder materialj to 20 parts support materi al
to 80 parbdslyhageialswhaeexkibit rAhthenaiticaHy peefeekineppand] Hymmeitghtvithim an
enbodi ment, the ratio of support material to binder material is from about
80: 20 to tisdimitsof sgpenimentad mprasummenty betplsathnseieith sigmcanit i o of support

i al bi ial is fr. 5: 3 b 35.65. Co iti
oy e doPReByAE ASRHOB JTom Ao IPHAEE: 14 ru i AGORR BRI < 1 bgot her
ey be dof®BYLEH tedi Ot 50 toget
par 1 o1 es S BhSF REEPAll apRLEN SRS e AR R AR (R0 68

sui tabl e faee this endetichhnnelb $19 tleomatérisd veduld desurudded by six nearest
hydr ogenat i on- dehydr ogenati on conponent selected fromthe Goup VIII noble

metal s. | neighbor elfannckoatiroughhyndetspmecdjsiance.o-shonjdibo goted, howeyshponent be

ot o pr et RBAFFek and iaberetiontan e SpRpthinat eV RS B RS st -
f d t is i 0N ; .

P onponent "aoes. YRS RTo yiBIAEEIHI0 Bl ¥R AR IRV BN RpERRnk O

hydr ogenajheqjiraliéy e fioenedrifA8 preparatient Samplewwhidh ¢xhibit as much as

+25% random deviation from the average repeat distance between adjacent




present in an anmount ranging fromabout 0.1 to about 2.0 wt.% preferably
fromabout 0.2 to about 1.8 wt.% norg,preferably 0.3 to about 1.6wt.% and
nost prefwoabdyosdidd to about 1.4 wt.% “All netal s wei ghtCpase@sins37ar e on
support. By "on support” we nean that the percents are based on the wei ght

of the S“ﬁ&%ﬁ] I+ : ' H,Q%ytmg I<M1ip8 thddl r material.
For exanple, HS gttﬂgdgﬁ‘gggr‘?@%?gh%z%g@ g fé) grg%ﬁ%mgﬁ Z%hfv%/th%

hydr ogenaCofiparablé vatiaOR94Red¢ 8bsdridd UBR0BHPNaGRS fideh it elgetrah i on
conponent woul d nmean that 20 grams of the hydrogenation-dehydrogenation

met al wasdidfracthen paigrost . 100471The hydr ogenati on- dehydr ogenati on conponent
can be exchanged onto the support material, inpregnated into it or

physi cal | ' xedlc-im' ' j I db

hydr ogena%oioggjn dehy ro%‘ibrPa({rf Iglr?&%%arqrf)g{rllg%t%bfgld P%\%@é%ﬁ%%%e 8§/epiarrr%r eénati on. I|f
t he hydr ogenaicanskaewdnaBeast iGencealipahe miost segwlabpréparatkgnadfatiei nt o or
exchanged onto the conposited support material and binder, it nay be done,
f or exanp$uppoptymatesta] ging amX-tmngidEacteompatiera with adewedisinctopaxanaimg t he
hydr ogenat i on- dehydr ogenati on ¢ onent. If.the .

hydr ogenat cﬁ’FIr&ET%’g’%g'éaﬁtrFS‘_r?“p d}?émoqssofﬁfls%quﬁ a?ﬁf‘?’%{maéelkflf&_ti num
compoundsy, %sﬂﬂo%scé}‘tﬁg%kkffétﬂycﬁoﬂg%m B'h%&hgé’ﬁh‘i 1%&8? THE xapg, vari ous
conmpounds™cantai ni'-ng e platinum-ani ne conprex. € _

hydr ogenagifgactiGipait@achawe0er, ¢PABOAIORYs B fAtiRat iRlicaepoPtHeAbresendet O,

onto, or with the conposited support and binder material by utilizing a
conpound( ef) thebemaiterialheasithd degesead mgubieity dn tieemacrostrucunpendihe i s present

in the cation of the . conpound and/or .conpounds or in whigch it is present in
the ani onc¥ent ofdrepetition 9d tho $ml“ftu§en‘d@ﬁ‘ﬂ’ i Péﬁpﬁlﬁ‘&lestﬁff%tél&qi oni ¢ and

anionic cQ unds can .be u , n- 1 im of ..8Ui pal I adi um
or plati nﬁlﬁgggﬁﬁiﬁ?& tFﬁt \Xﬂfgﬁ Osg%rvﬁgﬁﬁ%%’ ﬁﬁ@r{gﬁétﬁ%sr%tgkg ntﬁg’g? ion or
cationi ¢ gofRtPeaklia the (MWRhgfelea®n B (N RIAGIRIRIRiRApdties havt bessef ul , as
are anioni ¢ conpl exes such as the vanadate and netatungstate ions. Cationic
forms of fiundrtoroehtdis sabstanfislameunts uwseheimatenaldntthem. Otlyeritecknighesiged ont o
the crystalline material or inpregnated into it. [0048] The hydrogenati on
cat al yst Wfillupaterthe micrstiusturgiafdhisanatsrial pretrarsmissionglefte’dthr bon

Stage opeRitTBNacEe SRR AiEPicfian. danRer S A el Shesirochs AESHIANE, oot age
can be CO{@fgo?ﬁ%afgria(P@ﬁlcﬂil arHa%‘]rx;% ?ﬁ@g&({gffr%eﬂg%n& %ﬁ%@yﬁ {?@? af@Ghe of which

can conpr one or nore cat € Sa erent

hydr ogenagdérpespontaigysiecties diffkedoalpanern giviebaugippodtiaiatélytesxagbnalat al yst
beds can be used, fixed beds are preferred. Such other types of catalyst
beds i ncl aengengentwfziffonatwpimaxinm Thestpogparing of the electron diffraction

patterns is the distance between adjacent spots on the hkO projection of the

hexagonal lattice and is related to the repeat distance a.sub.0 between channels
observed in the electron micrographs through the formula dy00=29V3/2. This
d,e0 spacing observed in the electron diffraction patterns corresponds to the d-
spacing of a low angle peak in the X-ray diffraction pattern of the suitable
support material. The most highly ordered preparations of the suitable support
material obtained so far have 20-40 distinct spots observable in the electron
diffraction patterns. These patterns can be indexed with the hexagonal hkO
subset of unique reflections of 100, 110, 200, 210, etc., and their symmetry-

related reflections.



fluidized beds, ebullating beds, slurry beds, and novi ng beds. Interstage
cooling or heating between reactors, action zones, or between catal yst
beds in twe 2ea@wmsr4eact or, can be enpfi§éd. A portion of pamysheaizyener at ed
during the hydrogenati on process can al so be recovered. Were this heat

recover yc@(@??ﬁn | R caAYRRY gﬁﬁg,s s%ﬁé{e‘i’ﬁﬂ sesd1é 6k ﬁ@h&ﬁin%ﬁ or med

t hr ough g utilrtres su water or air, or through use of a
hydr ogen #s¢ b6 Bhatactied|by ahiXsravediffacticppatterinwitihat lcast dwpedlaity es can
be nore easily maintained. [0049] Hydrogen-containing treat gasses suitable
for use ipositidrygreatgrthan ahopt b¥A skspasing@.209720 fedCoK-slphetradiation) y pur e
hydr ogen oy. can be m xtures of other .conponents.typi.cally fou in refinery
hydr ogen @BWB&%TCSPPHQISStOp&@f‘gW%u? HQ&%”@SC%%?‘%DQM%PH? f 8’(‘? eat gas
stream co i itile re. f \i - hy syl fq. The

hydr ogen-%‘%ﬁ? {a%isrﬂia{r?%lta!'r é‘é ’gsglst%@rsl E) éméthn&%tl‘éga[}eﬂéfﬂ ?2“5‘5&‘{&%@3}‘“‘50% by vol une
hydr ogen, hdnzeh& tish chpasiy abgrdatet Whapibye! wlgrahii{%é}%ﬂe/lﬂbd%raﬁise
preferably at Igggrpabogtﬁ%g% bygltlggl ume hydrogen for best results. It is
nmost pr efaystablat $atort @ 67 kia) gad-2506t @Basisigrystabmatdrial havitgikeml | y pure
hydr ogen. [0050] The hydrocarbon feedsfreamis contacted with the .

hydr ogendrsated shem piteinpt felmsuss nePors blockage hrin¢identat spatamiaarts, ifn an
enbodi manté effesti ve hydrogenation conditions are to be considered those
condi t i o Gi#EY/whi ch at |east a portion of the aromatics present in the
hydr ocarbon feedstream are saturated, preferably at |east about 50wt . % of

t he ar ongi0i034] ar e Is shouldtbechoted tieatghe £quilibrinny benzane ddsarptadmocapaciywt . %

Ef f ecti ve hydrogenation conditions in¢lude tenperatures of from 150C to
400C, a ISharasdenstisaet swtable support materals iy measyrsd amds basis of nopere: o 3000

psig), a ce vel oci. f fromO.1 ta 10 |iguid hour]. el ocity
(LHey), okt g ‘f"é&ﬁmﬂ%*}“ijf% Ber ?’f%ﬂﬁ%gﬂleos"fﬁgéni%ﬁ@ll\(%o to 10000
scf/B). [Qffrabliea S SAITR aliridl PRasd BIARE HoPGiBIOkagehe ef fective
hydr ogenation conditions are conditions effective at renoving at |east a
portion ofortdrainants agewaterdenigyedibyadddindrg unetheds.f Wiateranay b remmioyednd

hydrogenating at 20 wo 2009/ 085148-- PCT/ US2008/ 013751 | east a portion of
sai d ar ortest deftydration tgphaiguesng gatthemasktreatmentii Boks loekingonorgai¢ ange

duct havi | . trati f ti d nj d
b gani cal TYOBRGHE REHPRER. Comcilivh Nt TR T G atrvabby SEGeHg
feedstreap;y L)Pﬁgéﬁl @foﬁk?ﬁégmﬁ%@\égenﬂs Ry H'E'Ffat't?é e fsPmaldifal Rvidirge ar bon
amis hydro e

f eedstre rea to reduce the sulfur contam nants to bel ow about

500 wppm repicefedrvaithoutddtanionipd Wifed®Onwhe otysealr e preferably bel ow about 200
wppm I n such an enbodi nent, the process conprises at |east two reaction

t , t { rst t ai.ni hy.dr ot ting tal . t ed

ot rect] vel ORIl ot r did i earraibaHenen, % Coed Ay BRE By
hyd j [ ; fgeti
yr ogenal P B R L e A e R BB BT By

embodi nendiffradtiorhysttarnavitat feastisis peaks & gositidnsqgaeatec theh abdu 10A
hydrotreating catal yst in the presence of a hg_drogen-cont ai ning treat gas

in a firsd-spacingi(8842t 20 donpurkatadpharadiatiamwhichcorrepppads @atherthoocondi ti ons

in order tq reduce the sulfur content of .,the |lube ojl. boiling range

f oedst r ca¥Aib o Ia s OEAR CliArtion kR Sk theupportnaleriafas 16 ane O
"hydrotr i MO i t C rel

nydr ogen- Gnishas af A poS Aol BielleR 4 e IBAHARERRS i MRat 11 e

catal yst pdvitionssleas thaveabout IOP\ed-rspHEM?wi@ﬁ rélatiee dfbndidy greatdt thansul fur, and
nitrogen. Suitable hydrotreating catalysts for use in the present invention
are any cahout20Venfithestthngesepeakn $tidbmaktprefemed,ithe Xrtass diffragdonnhi ch are
conprised of at |east one Goup VLLI. petal, preferably Fe, Co and Ni, nore
o oF or abi BAtSEh g b RAIRIMEORA SO BisiEicabioy il Raknd pesks PSRN bup v

metal prietenablaol13A% e RE Stk BIEGAD ety Raferthgl 2B AR o €2

support material, pre abt'y aPum na’ e scope of the present

i nvent i onheREonpBstDHeakalh ME el dtitCaleaitysheqidakahithe XCadyplifilactienused in the

same reaction vessel. The Group VIII netal is typically present in an
anount ranging fromabout 2 to 20 w.% preferably fromabout 4 to 12% The
Goup VI netal will typically be present in an anmount rangi ng from about 5

to 50 wt% preferably fromabout 10 to 40 w.% and nore preferably from
about 20 to 30 wt.% All netals weight percents are on support. By "on
support” we nean that the percents are based on the wei ght of the support.
For exanple, if the support were to weigh 100



21 wo 2009/ 085148- - PCT/ US2008/ 013751 granms then 20 wt.% G oup VIII netal
woul d nean that 20 granms of Goup VIl metal was on the support.

[ 0053] Ef fwot2bmenshpdr ot reat i ng condi tions are to be consipdErsdoosioozzs:
conditions that can effectively reduce the sulfur content of the |ube oil
boiling r N WotthhcdrR& AR i cal

ef fecti veﬁﬁ%?éﬁggﬁeﬁ%@gg%%i@#& I ncPﬁggytﬁ%rrper g({ﬁéggb?%?l%&%?om about
150C to adffihctictbpattdrhaeifahamatedblout 200C to about 370C, nore preferably
about 230C to about 350C. Typical weight hourly space velocities ("WHSV")
range fro ut 1 tg abqut 20h1l1l, preferably framabout 0.5 to,about
51111, AnPodBTect T el indtamnigenGh Ty ah Sy R B hpaanAir e Ty
range frog; Y/ rably 10
o 30 at et fortey et e s pRERRARIS R 8 pal e P RO of HEBUCT ¢

ef f ecti vel IX dr@réatat anmeasnddty sidazption thdasoresneft e it shoaldibe hetadvi ng at

| east a portion of said organically bound sul fur contam nants and

hydr ogenathiahporgt siz&astusad hereinpis tofbeseongideredramaxdmuny perpendiidamg at | east
a liquid | ube oil boili range product having a | ower concentration of
aromat i cscrgﬁﬁsﬁtwgﬁlﬁg‘ lﬂ%ooﬁ ECEYStbont ani nants than the | ube oi |
boiling range feedstream [0054] The contacting of the hydrocarbon

f eedst rea0oa7] h t N¥-ray diffdctivn dida eairélcyHectpd odurSsintag BPASD Xon product
conprising at |east a vapor product and a liquid product. The vapor product
t ypi cal | yautomatédsdidfrgatien sstemaarnploying theta-thets geometryHe's, Kaglpha he 11 qui d

evel of Tatsge AndAa srdAisee iz Aot Yo of (eaRerPO ISR can
be passedydi l agtlolol Biiddie EFROM FEIRLURR: G R actBltbehin | S Preferred that
t he gaseous an I'quid Teactl on proé’uc S be separa?e , and the liquid

reacti on poagdlelont ARG B theircident aaaniifffR2ed Korhysheuis weksls, in one
enbodi ment of the present invention, the vapor product and the |iquid

product acalismped by ddnblenslittineidentandidiffradtedicotlomation systems: Adesdit ond
reaction stage. The nethod of separating the vapor product fraomthe liquid
product cHACHESCHs 8BRS fnoay thy Xary tﬁgﬁﬁgu%ﬁo\mrqujbg-(ég)f-ééflfl\%p mm,
separatin aseous Ligyi.d. r fl Ch: . tripping
5P 2 AR, A S35 R BRI ot L PP,
separat e piiksVEREmAERAY T thé gfesbhﬁidveﬂﬂbﬁi thatifiveithe RRbEdtbre an@e product .
The liquid product thus conducted to the second reaction stage will have a
sul fur comagmequré arorahighly dohlémateigiaciafenaBordy béinsppordeptefesolid y bel ow
about 300 wppm nore preferably bel ow about 200 wppm [0055]1n still other
enbodi nenthg loprangle peaks froen the-Garsmijtedgneident Xomaytbed.can be used in
integrated hydroprocessing methods. In addition to the hydrofinishing

and/ or aruas) Cc Satké aiffiabtiBh AaRSWEFe tetbRled higstepSchniidptdt\eo4£at al yst, an
i nt egrat ed hydroprocessi ng net hod can al so inrclude various conbi nati ons of
hydr ot r eatlégrges bf/218, o8hereld isghe Bragg whple, dedadongtiogitirhe a$ 10yseécondsiaxi ng) ,
and/ or solvent dewaxing. The schene of hydrotreating followed b

hydr of i ni Eiicagh gtepe Ths datesplanar spasingse diss Wk calgplated in m&sgpal@se@br ocess

fl ow. Anoth in rated proc Lhg e | e |s:t.0 haye d i st ep,

ei ther ca?ré(fglei rgiaggf\gdgfeﬁxaﬁbqs Oﬁﬁ%ﬁf’s’m&’%ﬁf I°f‘5PP8@E%5§fﬁﬁ®§lrt§%r ocessi ng
With the InfRARy! H&hE 8irBh¥est line! hbbvABAIPRbuSK AR etdrived WitREES BsS6heme

i nvol vi ng hydrotreating, dewaxing (catalytic or solvent), and then

hydr opr ocg pedfilg fitting rotné.rMeninteresitied weyestncorsdctexh fortlesrentzaar e i s

hydr oprocessing with the inventive catal yst foll owed by dewaxing (catalytic
or sol venpolarizatien pffectseThe relative prtensifigs are giveniin dermiapbthesyahals ¢
saturation steps, coul ol oyed whth.hydr ot r.eat hydr ocr acki ng, or
dowen no. Sraey St La00T R sBbBE CoRESERdiER B horif bvtdi,
dewaxi ng (t% el 13 ; : IR Siky n@g@ , Where at

| east oneé(g?a?rg{elh(%l? {i)(%tl&ﬁ{l ésrﬁlar%tes(?geggss&??néﬁ%g?? §g?§l§%§gr I glet o the

i nvent i onovdrtippii@lines ehicinundet segtaim tahditions dewhdsngry diglect i ve catal ytic

dewaxi ng conditions include tenperatures of from250 Cto 400 C, preferably
275 C to egerimepakresalusionodr ¢rysiallpgnaphic changsskmay (appear as Buob/ed«rg) |

preferably 1480 to,17338 kPa (.2 to 2500 psi | i quid hoyrly space

vel oci ti ega@pﬁyggmlﬁgfiﬁpgs.i@' é?g&’ﬂéﬁﬁp?paﬁh%) ‘El@”@%ﬁf:?né% “ﬂ%&?‘ﬁ&%n t r eat
gas rates from45 to 1780 nB/n8 (250 to 10000 scf/B), preferably 89 to 890
nB8/nmB (500 to 5000 scf/B). Any suitable dewaxi ng catal yst may be used.



23 wo 2009/ 085148- - PCT/ US2008/ 013751 [ 00561The above description is

directed to several enbodi nents of thgépresent I nvention. Those skilled in

the art wwWDI20009858i ze t hat ot her enb

iments that are equalskeos@if7ecti ve

coul d be devised for carryi ng out the spirit of this invention. 100571The

o ng u?ﬁnﬁrcgﬂ e I nvent | \?ecqll% %Q% b{?éwt)k Cattlil?t‘witl.lbﬂ‘:55 rate the

| nproved € tlveness rogenat | st and

cor r esponglibiRgantiall chaiegin amq@ﬁm %&%mnﬁ%@éﬂf’éﬁ lﬁxmmhgécﬂang%rseﬂar ation

of

small pore Ti-MCM41 with Si09/(TiGQ ), -50/1 &OOSB]A m xture was prepared

from 620 @laﬂvmgrs,ltlezss@agatﬁo ausur aealrysuslhuﬁd enégsdnaation (CDENDY)  35%

sol ution, 370 AD 12/ 37 solution (a Cl2_surfactan al | able from
serereof poreciling;

Al czo- Nob@PEne“f% 45051 1t59n), 13T, aed orgfi an §’5I uti on,

si 02/ (i By bRty higef éﬁﬂfﬁag%ﬂ?ﬁﬂ%ﬁ%&&%@ﬁa@- %8 BRIP° S fact ant

size/shape effects, structural disorder or other factors known to those skilled in

the art of X-ray diffraction.

[0039] The equilibrium benzene adsorption capacity is determined by
contacting the material of the invention, after dehydration or calcination at, for
example, about 540°C for at least about one hour and other treatment, if
necessary, in an attempt to remove any pore blocking contaminants, at 25°C
and 50 torr benzene until equilibrium is reached. The weight of benzene sorbed

is then determined as described below.

[0040] The ammonium form of the catalytic material may be readily
converted to the hydrogen form by thermal treatment (calcination). This
thermal treatment is generally performed by heating one of these forms at a
temperature of at least 400°C for at least 1 minute and generally not longer than
20 hours, preferably from about 1 to about 10 hours. While subatmospheric
pressure can be employed for the thermal treatment, atmospheric pressure is
desired for reasons of convenience, such as in air, nitrogen, ammonia, etc. The
thermal treatment can be performed at a temperature up to about 750°C The
thermally treated product is particularly useful in the catalysis of certain
hydrocarbon conversion reactions and it is preferred that the material should be

in this from for use in the present catalysts.

[0041] The support materials suitable for use herein can be shaped into a
wide variety of particle sizes. Generally speaking, the support material

particles can be in the form of a powder, a granule, or a molded product, such
as an extrudate having particle size sufficient to pass through a 2 mesh (Tyler)

screen and be retained on a 400 mesh (Tyler) screen. In cases where the final

and

6



[ 0059] The m xture was reacted at 265F (129.5C) in a 2-liter autoclave with
stirring at 90 RPM for 36 hours. The_pgoduct was filtered, washed with

dei oni zedwOQDb(Q9/0sat48r, fol | owed by drying at 250F (120C) pamdSc@Boiivat i on at
1000 F (540C) for 6 hrs. Figure 1 shows the XRD pattern of the

as-synt hesjy ; [ i Bowgsian ! thel [ ; ure
phase of E‘(Z‘llrtrgal??j’t lgg‘tr) EE{@%I(SI eg) %sélﬁft oposllgré’ymg,és\gﬁ %?Arg?-@%lﬁ{aﬁ %rfg-egeysraﬁa esi zed

materi al shemasicdtaifoicdrying er pattiallysdriahmnd thknafxtagigdoner at es of smal |
crystals. The resulting Ti-MCM 41 crystals contained - 4.35wm % of Ti and

surface f 1276 ng/ 24 . 9 - - PCT/ US2008/ 013751 . [Exanpl e 2:
Pr epar at ﬁ@ﬁg%f S © sd%? gfﬁ}fe.RfEﬁ\%g ﬁ% é %@%‘I}t@lp ?ﬁél%ﬂ,eng?ss%%fon?rgggé] A
M Xture VQshRRARAEGArd [P fat Y §atiodplific RE1eLEVItHRYHl réipeBrfy um
Hydr oxi de LSRRG TgE ore, large eAchéh Bla g o@aAlRéJAtl) 57 f?ﬁgotﬁﬁfﬂ!@%h, BE o of
Ti t ani umtEifsitionistatespelicd infreattimauchas wracking imhidintizgd ¢Cheh et alsi | . The
m xture had the follow ng nolar conposition: Si02/(Ti02) 2 -50/1 H20/ Si 02
- 22 TEAOShapeSelestivatCatalysisoipyIndustriat dgpplications”, 36 CHEMICAL

INDUSTRIES, pgs. 41-61 (1989), to which reference is made for a discussion

of the factors affecting shape selectivity). It should also be noted that

diffusional limitations are also minimized as a result of the very large pores.

[0043] Support materials suitable for use herein can be self-bound, i.e.,
binderless. However, it is preferred that the present invention also comprises a
suitable binder material. This binder material is selected from any binder
material known that is resistant to temperatures and other conditions employed
in the present hydrogenation process. The support materials are composited
with the binder material to form a finished catalyst onto which metals can be
added. Binder materials suitable for use herein include active and inactive
materials as well as inorganic materials such as clays and/or oxides such as
alumina, silica or silica-alumina. Still other oxides such as titania or zirconia
may also be used. Mixtures of binders may also be used, such as a mixture of a
silica binder and an alumina binder (as opposed to a binder composed of silica-
alumina particles). Silica-alumina, alumina, titania, and zirconia are preferred
binder materials, and alumina is a more preferred binder support material.
Silica-alumina may be either naturally occurring or in the form of gelatinous
precipitates or gels including mixtures of silica and metal oxides. It should be
noted that the use of a material in conjunction with a zeolite binder material,
i.e., combined therewith or present during its synthesis, which itself is
catalytically active may change the conversion and/or selectivity of the finished
catalyst. Likewise, inactive materials can suitably serve as diluents to control
the amount of conversion if the present invention is employed in alkylation

processes so that alkylation products can be obtained economically and orderly



- 6 [0061] The m xture was reacted at 212F (100C) in a 2-liter autoclave
wth stirring at 90 RPM for 48 hours.1 he product was filtered, washed with
dei oni zedwODRb)9/0sat4er , fol |l owed by drying at 250F (120C) pamaseaismiivat i on at
1000 F (540C) for 6 hrs. Figure 2 shows the XRD pattern of the

as-synt hegit I [ [ Al [ f re ph
smal | pof‘zit%lgg%%ﬁ? R{M RM(SIE)O nggt?%%%o%é% tg?lr?tﬁe&gg%éstglﬁ}' r}g{selsgegunat gr ?ZF
showed t highctivienaeéridls adaybs imofpsracd into ag@kaliveoedasin fclaymlelf.,cr ystal s.

The resulting Ti-MCM 41 crystals contained - 4.3wm %of Ti and surface area
of 1170 nigmgonikexangkeoldn, tPrisjpaowe thencrush sirangthyafrthe Tatalgstiunden t h

Sio/(Tio,), - .50/1 [0062] A m xtyre was pr ed from, 805 of water,
250 g of SEhMgEFiAlPREFALIAE GANHIfIANS an JPWMS 5@@%%@%9681%3%6 of ARQUAD
12/ 37 sol&#'ﬂggt 61 g of n-Decyl met hyl anmoni um Brom de , 38.4 g of Titanium
Et hoxi de T ‘g of Ethanol solution, and 170 g of Utrasil. The m xture

had the foll owi ng nol ar conposition: Si02/(Ti02) 2 -50/1 H0/ Si02 - 22
TEAOH Suf0044] ant Hydrogenation catalysts suitable for use herein typically comprise,

in a composited form, a ratio of mesoporous support material to binder material
ranging from a binderless support material (100 parts support material with 0
parts binder material) to 20 parts support material to 80 parts binder material.

~ All ratios are expressed by weight. In an embodiment, the ratio of support
material to binder material is from about 80:20 to about 50:50. In another
preferred embodiment, the ratio of support material to binder material is from
about 65:35 to about 35:65. Compositing may be done by conventional means
including mulling the materials together followed by extrusion of pelletizing

into the desired finished catalyst particles.

[0045] In a preferred embodiment, hydrogenation catalysts suitable for use
herein also comprise at least one hydrogenation-dehydrogenation component
selected from the Group VIII noble metals. It is preferred that the
hydrogenation-dehydrogenation component be selected from palladium,
platinum, rhodium, iridium, and mixtures thereof, more preferably platinum,
palladium, and mixtures thereof. It is most preferred that the present invention

hydrogenation-dehydrogenation component be platinum and palladium.

[0046] The hydrogenation-dehydrogenation component is typically
present in an amount ranging from about 0.1 to about 2.0 wt.%, preferably

~ from about 0.2 to about 1.8 wt.%, more preferably 0.3 to about 1.6wt.%, and
most preferably 0.4 to about 1.4 wt.%. All metals weight percents are on
support. By “on support” we mean that the percents are based on the weight of
the support, i.e., the composited support material and binder material. For

example, if the support were to weigh 100 grams then 20 wt.% hydrogenation-
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m xture was reacted at 212F (1000 ir_11§_2-liter autoclave with stirring at
90 RPM f ow02609m8sr48. The product was filtered, washed wpCh/usesosnized (D)
water, followed by drying at 250F (120C) and cal cination at 1000 F (5400

for 6 hrs | : gp;m ?@r?) -material,
whi ch sho(\;\%@a ?%%a?:gﬂ@?ﬁg%%ﬁrt e égq‘tééﬁ@é’?% se g? fzﬁlné?;‘:l pgré 125’? <30 A
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solution, and 181.5 g of Utrasil. The m xture had the foll ow ng nol ar
conposi t i imcorgiraRd(by mepregnation/ if thedyydspgenatiopadekydraganationant
component is to be impregnated into or exchanged onto the composited support
material and binder, it may be done, for example, by treating the composite
with a suitable ion containing the hydrogenation-dehydrogenation component.
If the hydrogenation-dehydrogenation component is platinum, suitable
platinum compounds include chloroplatinic acid, platinous chloride and various
compounds containing the platinum amine complex. The hydrogenation-
dehydrogenation component may also be incorporated into, onto, or with the
composited support and binder material by utilizing a compound(s) wherein the
hydrogenation-dehydrogenation component is present in the cation of the
compound and/or compounds or in which it is present in the anion of the
compound(s). It should be noted that both cationic and anionic compounds can
be used. Non-limiting examples of suitable palladium or platinum compounds
in which the metal is in the form of a cation or cationic complex are
Pd(NH;)4Cl, or Pt(NH;3)4Cl, are particularly useful, as are anionic complexes
such as the vanadate and metatungstate ions. Cationic forms of other metals are

also very useful since they may be exchanged onto the crystalline material or

impregnated into it.

[0048] The hydrogenation catalyst of the invention is suitable for

treatment of hydrocarbon feedstocks in the presence of a hydrogen-containing
treat gas in a reaction stage operated under effective hydrogenation conditions.
The reaction stage can be comprised of one or more reactors or reaction zones
each of which can comprise one or more catalyst beds of the same or different
hydrogenation catalyst described above. Although other types of catalyst beds

can be used, fixed beds are preferred. Such other types of catalyst beds include
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conposi tion: Si02/(Zr02)2 ) ) _
stream. In this manner, optimum reaction temperatures can be more easily

maintained.

[0049] Hydrogen-containing treat gasses suitable for use in a
hydrogenation process can be comprised of substantially pure hydrogen or can
be mixtures of other components typically found in refinery hydrogen streams.
It is preferred that the hydrogen-containing treat gas stream contains little,
more preferably no, hydrogen sulfide. The hydrogen-containing treat gas
purity should be at least about 50% by volume hydrogen, preferably at least
about 75% by volume hydrogen, and more preferably at least about 90% by
volume hydrogen for best results. It is most preferred that the hydrogen-

containing stream be substantially pure hydrogen.

[0050] The hydrocarbon feedstream is contacted with the hydrogenation
catalyst under effective hydrogenation conditions. In an embodiment, effective
hydrogenation conditions are to be considered those conditions under which at
least a portion of the aromatics present in the hydrocarbon feedstream are
saturated, preferably at least about 50wt.% of the aromatics are saturated, more
preferably greater than about 75 wt.%. Effective hydrogenation conditions
include temperatures of from 150°C to 400°C, a hydrogen partial pressure of
from 740 to 20786 kPa (100 to 3000 psig), a space velocity of from 0.1 to 10
liquid hourly space velocity (LHSV), and a hydrogen to feed ratio of from 89
to 1780 m*/m* (500 to 10000 scf/B).

[0051] In one embodiment of the instant invention, the effective
hydrogenation conditions are conditions effective at removing at least a portion

of the nitrogen and organically bound sulfur contaminants and hydrogenating at
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dried andcdndetiony, afidlté S&bndcdiitdin@fea haliroe@ution catalyst has described
above operated under effective hydrogenation conditions as described above.
Therefore, in such an embodiment, the hydrocarbon feedstream is first
contacted with a hydrotreating catalyst in the presence of a hydrogen-
containing treat gas in a first reaction stage operated under effective
hydrotreating conditions in order to reduce the sulfur content of the lube oil
boiling range feedstream to within the above-described range. Thus, the term
“hydrotreating” as used herein refers to processes wherein a hydrogen-
containing treat gas is used in the presence of a suitable catalyst that is active
for the removal of heteroatoms, such as sulfur, and nitrogen. Suitable
hydrotreating catalysts for use in the present invention are any conventional
hydrotreating catalyst and includes those which are comprised of at least one
Group VIII metal, preferably Fe, Co and Ni, more preferably Co and/or Ni, and
most preferably Co; and at least one Group VI metal, preferably Mo and W,
more preferably Mo, on a high surface area support material, preferably
alumina. It is within the scope of the present invention that more than one type
of hydrotreating catalyst be used in the same reaction vessel. The Group VIII
metal is typically present in an amount ranging from about 2 to 20 wt.%,
preferably from about 4 to 12%. The Group VI metal will typically be present
in an amount ranging from about 5 to 50 wt.%, preferably from about 10 to 40
wt.%, and more preferably from about 20 to 30 wt.%. All metals weight
percents are on support. By “on support” we mean that the percents are based

on the weight of the support. For example, if the support were to weigh 100
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Any effective pressure can be utilized, and pressures typically range from about

4 to about 70 atmospheres (405 to 7093 kPa), preferably 10 to 40 atmospheres
(1013 to 4053 kPa). In a preferred embodiment, said effective hydrotreating
conditions are conditions effective at removing at least a portion of said
organically bound sulfur contaminants and hydrogenating at least a portion of
said aromatics, thus producing at least a liquid lube oil boiling range product
having a lower concentration of aromatics and organically bound sulfur

contaminants than the lube oil boiling range feedstream.

[0054] The contacting of the hydrocarbon feedstream with the
hydrotreating catalyst produces a reaction produ;:t comprising at least a vapor
product and a liquid product. The vapor product typically comprises gaseous
reaction products such as H,S, and the liquid reaction product typically
comprises a liquid hydrocarbon having a reduced level of nitrogen and sulfur
contaminants. The total reaction product can be passed directly into the second
reaction stage, but it is preferred that the gaseous and liquid reaction products
be separated, and the liquid reaction product conducted to the second reaction
stage. Thus, in one embodiment of the present invention, the vapor product
and the liquid product are separated, and the liquid product conducted to the
second reaction stage. The method of separating the vapor product from the
liquid product can be accomplished by any means known to be effective at

separating gaseous and liquid reaction products. For example, a stripping
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tower or reaction zone can be used to separate the vapor product from the
liquid lube oil boiling range product. The liquid product thus conducted to the
second reaction stage will have a sulfur concentration within the range of about
500 wppm, preferably below about 300 wppm, more preferably below about
200 wppm.

[0055] In still other embodiments, the catalysts according to the invention
can be used in integrated hydroprocessing methods. In addition to the
hydrofinishing and/or aromatic saturation processes involving the inventive
catalyst, an integrated hydroprocessing method can also include various
combinations of hydrotreating, hydrocracking, catalytic dewaxing (such as
hydrodewaxing), and/or solvent dewaxing. The scheme of hydrotreating
folloned by hydrofinishing described about represents one type of integrated
process flow. Another integrated processing example is to have a dewaxing
step, either catalytic dewaxing or solvent dewaxing, followed by
hydroprocessing with the inventive catalyst. Still another example is a process
scheme involving hydrotreating, dewaxing (catalytic or solvent), and then
hydroprocessing with the inventive catalyst. Yet another example is
hydroprocessing with the inventive catalyst followed by dewaxing (catalytic or
solvent). Alternatively, multiple hydrofinishing and/or aromatic saturation
steps could be employed with hydrotreatment, hydrocracking, or dewaxing
steps. An example of such a process flow is hydrofinishing, dewaxing
(catalytic or solvent), and then hydrofinishing again, where at least one of the
hydrofinishing steps is a catalyst according to the invention. For processes
involving catalytic dewaxing, effective catalytic dewaxing conditions include
temperatures of from 250 °C to 400 °C, preferably 275 °C to 350 °C, pressures
of from 791 to 20786 kPa (100 to 3000 psig), preferably 1480 to 17338 kPa
(200 to 2500 psig), liquid hourly space velocities of from 0.1 to 10 hr !
preferably 0.1 to 5 hr'! and hydrogen treat gas rates from 45 to 1780 m*/m’
(250 to 10000 scf/B), preferably 89 to 890 m>*/m> (500 to 5000 scf/B). Any

suitable dewaxing catalyst may be used.
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[0056] The above description is directed to several embodiments of the
present invention. Those skilled in the art will recognize that other
embodiments that are equally effective could be devised for carrying out the

spirit of this invention.

[0057] The following examples provide embodiments of the invention that
illustrate the improved effectiveness of the inventive hydrogenation catalyst

and corresponding hydrogenation processes.

EXAMPLES

Example 1: Preparation of small pore Ti-MCM-41 with SiO,/(TiO,), ~50/1

[0058] © A mixture was prepared from 620 g of water, 250 g of
Tetraethylammonium Hydroxide(TEAOH) 35% solution, 370 g of ARQUAD
12/37 solution (a C12 surfactant, available from Akzo-Nobel), 38.4 g of
Titanium Ethoxide in 40 g of Ethanol solution, and 170 g of Ultrasil. The

mixture had the following molar composition:

Si0,/(Ti0O,) , ~ 50/1
H,0/ SiO, ~ 22
TEAOH/ Surfactant ~ 1

SiO,/ Surfactant ~ 6

[0059] The mixture was reacted at 265°F (129.5°C) in a 2-liter autoclave
with stirring at 90 RPM for 36 hours. The product was filtered, washed with
deionized (DI) water, followed by drying at 250°F (120°C) and calcination at
1000 °F (540°C) for 6 hrs. Figure 1 shows the XRD pattern of the as-
synthesized material. Figure 1 shows a typical signature for a pure phase of
small pore (< 30 A) MCM-41 topology. An SEM of the as-synthesized material
showed that the material was composed of agglomerates of small crystals. The
resulting Ti-MCM-41 crystals contained ~ 4.35wt % of Ti and surface area of
1276 m?/g.
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Example 2: Preparation of small pore Ti-MCM-41 with SiO,/(TiO,), ~ 50/1

[0060] A mixture was prepared from 620 g of water, 250 g of
Tetraecthylammonium Hydroxide(TEAOH) 35% solution, 370 g of ARQUAD
12/37 solution, 38.4 g of Titanium Ethoxide in 40 g of Ethanol solution, and

170 g of Ultrasil. The mixture had the following molar composition:

Si0,/(TiO,) ~ 50/1
H,0/ SiO, ~ 22
TEAOH/ Surfactant ~ 1
Si0,/ Surfactant ~ 6

[0061] The mixture was reacted at 212°F (100°C) in a 2-liter autoclave with
stirring at 90 RPM for 48 hours. The product was filtered, washed with
deionized (DI) water, followed by drying at 250°F (120°C) and calcination at
1000 °F (540°C) for 6 hrs. Figure 2 shows the XRD pattern of the as-
synthesized material, which displays typical signature for a pure phase small
pore (< 30A) MCM-41 topology. The SEM of the as-synthesized material
showed that the material was composed of agglomerates of small crystals. The
resulting Ti-MCM-41 crystals contained ~ 4.3wt % of Ti and surface area of
1170 m%/g.

Example 3: Preparation of small pore Ti-MCM-41 with SiO,/(TiO,), ~ 50/1

[0062] A mixture was prepared from 805 g of water, 250 g of
Tetraethylammonium Hydroxide(TEAOH) 35% solution, 185 g of ARQUAD
12/37 solution, 61 g of n-Decylmethylammonium Bromide , 38.4 g of Titanium
Ethoxide in 40 g of Ethanol solution, and 170 g of Ultrasil. The mixture had

the following molar composition:

Si0,/(Ti0,) » ~ 50/
H,0/ SiO, ~ 22
TEAOH/ Surfactant ~ 1
SiO,/ Surfactant ~ 6
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[0063] The mixture was reacted at 212°F (100°C) in a 2-liter autoclave with
stirring at 90 RPM for 36 hours. The product was filtered, washed with
deionized (DI) water, followed by drying at 250°F (120°C) and calcination at
1000 °F (540°C) for 6 hrs. Figure 3 shows the XRD pattern of the as-
synthesized material, which shows a typical signature for a pure phase of small
pore (<30 A) MCM—41 topology. The SEM of the as-synthesized material
showed that the material was composed of agglomerates of small crystals. The
resulting Ti-MCM-41 crystals contained 4.62 wt % of Ti and surface area of
1186 m?/g.

Example 4: Preparation of large pore Ti-MCM-41 with SiO,/(TiO,), ~ 60/1

[0064] A mixture was prepared from 737 g of water, 56.1 g of NaOH 50%
solution, 305.8g of ARQUAD 16/29 solution (C16 surfactant), 198.1 g of
Mesitylene of 99% solution, 31.5 g of Titanium Ethoxide in 30 g of Ethanol
solution, and 181.5 g of Ultrasil. The mixture had the following molar

composition:
Si0y/(TiO,) , ~ 60/1
H,0/ Si0O, ~ 20
Na/ Surfactant ~ 0.252
Si0,/ Surfactant ~ 10

Mesitylene/surfactant ~ 6

[0065] The mixture was reacted at 240°F (115.5°C) in a 2-liter autoclave
with stirring at 250 RPM for 24 hours. The product was filtered, washed with
deionized (DI) water, followed by drying at 250°F (120°C) and calcination at
1000 °F (540°C) for 6 hrs. Figure 4 shows the XRD pattern of the as-
synthesized material, which shows the typical pure phase of large pore, > 60 A,
MCM-41 topology. The SEM of the as-synthesized material shows that the
material was composed of agglomerates of small crystals. The resulting Ti-

MCM-41 crystals contained 2.61 wt % of Ti and surface area of 771 m%/g.
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agglomerates of small crystals. The resulting Zr-containing MCM-41 crystals

contained ~ 2.36 wt % of Zr and surface area of 1138 m%/g after the

calcinations at 540°C in air.

Example 6: Comparison of Ti-containing and Zr-containing MCM-41 materials

with AI-MCM-41 and Si-MCM-41

[0068] A series of catalysts were made using Si-MCM-41 (Si0,:Al,0Oj3 ratio
of between 600:1 and 800:1, medium pore diameter openings), two versions of
Al-MCM-41 (50:1 SiO,:Al,0; with medium pore diameter openings, and 25:1
Si0,:Al,0; with small pore diameter openings), and Ti-MCM-41 (25:1
Si0,:(Ti0,), with small pore diameter openings). The small pore materials
were prepared using a C12 surfactant, while the medium pore materials were
prepared using a C16 surfactant. In the following examples, MCM-41
mesoporous materials were synthesized, washed, and prepared into a filter

cake. The filter cake was dried and then precalcined in nitrogen at about
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medium pore)/Al,O4
65/35 Ti-containing | 0.28 | 0.86 642 220 0.72
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SiOzZ(TiOz)z small
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31 wo 2009/ 085148- - PCT/ US2008/ 013751 [0078] In order to denonstrate the

| ower acidity of Ti-containing MCM 41 gqt al ysts, a nodel conpound study was
carried omD 2b@assi48n i soneri zati on of “2- met hyl - 2- pent eneCasBRB/0137ke 2MP2

I somer i zation reactions are useful as a nodel systemas the reactions allow

for a 7.0 UFDRIT 87842F ' dga3 T€F as WRjgl as [ne agy ghty
streng Wtegﬁ sl 2 can| undefgo isomgrization to §-nethyl-2-penfene
(4MP2)|, - 2- 2 ne (3MP2), R,3, dimpthyl-2- butepe (23DVB2), apd a

seri es| Out 2)zsonﬁm§“ This | sonefization|is facilitatpd by the presknce
of aci|dpareddtAdh€)st sites.| The fates| of convérsion to 3MPR, 4MP2, and 2BDNVB2
can bef ggyasur edApMICM@1i N0 2OTROISIN| usBUl tofi dentX3Dy rel ptive egbers pf
acid si(tegg .fnd t$]@ rgi@&ve acjditips of the sites. For pxanple, highef

rel atipe. ion fpr CTBMP2 or 23DMB2 indicaje that a catalyst

s RGN i gt g
of a1 uni nR0RALindl Fotia iR CataIYS) SreRAIREPRANE Rreloemence oE UK T heahite o o
cat al yot ﬁf@ﬁﬁi““ﬁ%ﬁ .‘e%?ﬁ%%e%f&%y&wﬁnfsﬁﬁwfgﬁ%@ﬁ%&%@%aﬂiu?@ cach
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catal yst, "and an Si-MCM 41 catal yst with a 65/35 binder ratlo of

Si 02: Al Z%nommuberllcﬁhalmdﬁampial 1]1% hydtdeaebd0fléid Wwhenlanalyaed hadand an
Si MCM 41 catal yst that has Pt an d deposited on the surface. An anor phous

silica- alhﬂﬂlﬁ& r%%geaq)f/%boumm 547 1’§ 5SPP)‘? snl B and pitregen, andsaboyt dvi ded f or
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nunber of "acid sites on t e relative rates of production of CT3MP2
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Tabl e 2 duidipgen, toe agtalystawese drisd dn Ritregankat299°C for about 3 hours,

cooled to room temperature, activated in hydrogen at about 260°C for 8 hours

and then cooled to 150°C. Then oil feed was introduced and operating
conditions were adjusted to 1 LHSV, 350 psig, and 1,000 scf H,/bbl. Reactor
temperature was increased from 175 to 220°C over a period of about 10 days.

Hydrogen purity was 100 % and no gas recycle was used.

[0072]  Aromatics were measured by UV absorption (ppm) and were
monitored daily. Total aromatics as a function of temperature are shown in
Figure 5 for the amorphous silica-alumina catalyst and catalysts made using the
different MCM-41 materials. As shown in Figure 5, all of the MCM-41
catalysts performed substantially better than an amorphous silica-alumina

catalyst.

[0073] Figure 6 provides an enlarged view of plot in Figure 5 that focuses
on just the MCM-41 catalysts. In Figure 6, the Ti-containing MCM-41 catalyst
at temperatures of about 190°C or less shows a substantial reduction in the

amount of aromatics remaining after the aromatic saturation process. The Ti-



CT4wP2 CT3MP2 23DMB2 Si02 / Al203 87 / 13 73.6 2.57 9.90 1.21 Si-MM 41
65/ 35 Al 203 75.4 2.38 9.97 2929 -
WO 2009/085148 PCT/US2008/013751

containing MCM-41 catalyst produces aromatic contents of 20 ppm or less,
while the AI-MCM-41 catalysts tested produced aromatic contents of 30 ppm
or more. The Ti-containing MCM-41 catalyst also achieves its highest
percentage of aromatic saturation at a lower temperature than any of the other
catalysts. The equilibrium processes involved in aromatic saturation tend to
favor aromatic saturation as temperature decreases, so the ability to catalyst
aromatic saturation at a lower temperature is desirable. Lower temperature
processes are also preferred both for improving catalyst life and for reducing

operating costs.

Example 7: Pore Size Effects

[0074]  Figure 7 shows the effect of varying pore size for a series of Ti-
cd;ltaining MCM-41 catalysts. In Figure 7, an aromatics saturation process
was performed on a dewaxed 600N lubricating oil feedstock containing 210
ppm sulfur and 415 mmoles/kg of aromatics. The dewaxed oil feedstock was
processed at 275°C, 2 LHSV, and 1000 psig for the period of time shown in
Figure 7. The Ti-MCM-41 catalysts used had pore sizes of about 15 A, about
25 A, or about 80 A. All three pore sizes were investigated for Ti-MCM-41
with an 80:1 SiO,:(Ti0O,), ratio, and an additional test was performed for a
catalyst with an about 25 A pore size and a ~40:1 ratio. As shown in Figure 7,
the Ti-MCM-41 catalysts with the about 25 A pore size provided the best
aromatic saturation, with the catalyst with the about 80 A pore size performing

slightly better than the catalyst with the about 15 A pore size.

Example 8: Binder Effects

[0075] The activity improvement from adding Ti into the framework of an
MCM-41 support cannot be achieved simply by using TiO, as the catalyst
binder for an MCM-41 catalyst. Figure 8 shows the aromatic saturation
performance for a series of MCM-41 catalysts having a medium pore size. The
catalysts include a Ti-containing MCM-41 catalyst bound with Al,O3, an Si-
MCM-41 catalyst bound with Al,O3, and Si-MCM-41 catalyst bound with



1.02 Si-MCM-41 50/50 Al 203 77.0 2.23 9.47 1.32 Ti-containing MCM 41 65/ 35
Al 203 68.8 2.96 8.57 0.65 Al -MCM 41 @%915 Al 203 76.1 2.28
WO 2009/085148 PCT/US2008/013751

TiO,. These catalysts were used for aromatic saturation of a feedstock, where
the feedstock and process conditions were similar to those described in
Example 7. As shown in Figure 8, the Si-MCM-41 catalysts with alumina and
titania binders exhibited similar aromatic saturation. By contrast, the Ti-
containing MCM-41 catalyst according to the invention showed improved

catalyst activity relative to the Si-MCM-41 catalysts.

Example 9: Activity for Zr-containing MCM-41 catalysts

[0076] To verify that a similar activity boost is observed for the Zr-
containing MCM-41 catalyst, an aromatics saturation process similar to the
process used in Figure 7 was performed on the Zr-containing MCM-41 catalyst
from Table 1, the Si-MCM-41 catalyst, and the AI-MCM-41 catalyst with the
~50:_1 Si0,/AL,O; ratio. Figure 9 shows the relative activity of each of the
catalysts for performing aromatic saturation on a dewaxed 600N lubricating oil
feedstock containing 210 ppm sulfur and 415 mmoles/kg of aromatics. The
dewaxed oil feedstock was processed at 275°C, 2 LHSV, and 1000 psig for the
period of time shown in Figure 9. As shown in Figure 9, the Zr-containing
MCM-41 catalyst provided greater saturation of aromatics relative to the

saturation performance of the AI-MCM-41 or Si-MCM-41 catalysts.

Example 10: Acidity of MCM-41 catalysts

[0077] In addition to improvements in aromatic saturation activity, Ti-
containing MCM-41 catalysts also have a lower acidity than Si-MCM-41 or
Al-MCM-41 catalysts when bound with alumina. Lowering the acidity of the
catalyst reduces the number of side reactions caused by the catalyst during a
hydrofinishing or aromatic saturation process, such as hydrocracking. Thus, a
lower acidity hydrogenation or aromatic saturation catalyst will have a higher
selectivity for performing a desired hydrogenation process while reducing
hydrocracking reactions that would lead to yield loss and/or undesirable

changes in the properties of the processed feed.
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4-methyl-2-pentene (4MP2), 3-methyl-2-pentene (3MP2), 2,3, dimethyl-2-
butene (23DMB?2), and a series of other isomers. This isomerization is
facilitated by the presence of acidic catalyst sites. The rates of conversion to
3MP2, 4MP2, and 23DMB2 can be measured and the information used to
identify relative numbers of acid sites and the relative acidities of the sites. For
example, higher relative rates of production for CT3MP2 or 23DMB?2 indicate
that a catalyst has a greater number of acid sites. The acidity of the available

acid sites is indicated by the Rate Ratio of either CT3MP2 / CT4MP2 or
23DMB2 / CT4MP2, with higher values indicating higher acid strengths.

[0079] A series of alumina bound MCM-41 catalyst materials were tested
with a model 2-methyl-2-pentene (2MP2) feed. The feed was exposed to 1.0
grams of each catalyst under conditions of 1.0 atm, 250°C, and 2.4 WHSV for.
2 hours on feed. The catalysts include a Ti-containing MCM-41 catalyst, an
Al-MCM-41 catalyst, and an Si-MCM-41 catalyst with a 65/35 binder ratio of
Si0,:Al, 03, another Si-MCM-41 catalyst with a 50/50 binder ratio, and an Si-
MCM-41 catalyst that has Pt and Pd deposited on the surface. An amorphous
silica-alumina catalyst with a 87/13 SiO,:Al,O; ratio is also provided for

comparison as a reference for a bound catalyst.

[0080] Table 2 shows the reaction rates for conversion by each catalyst of
2MP2 into CT4MP2, CT3MP2, and 23DMB2. As shown in Table 1, the Ti-
MCM-41 catalyst shows a reduced number of acid sites based on the relative
rates of production of CT3MP2 and 23DMB2. Thus, the Ti-containing MCM-
41 catalyst should have a lower effective acidity on the basis of having fewer

acidic sites available.



CT3mMF 2 /| CT4mP2 23DVB2 /| CT4MP2 Si02 / Al 203 87 / 13 3.85 0.47 Si-MM 41
65/ 35 Al 203 4.18 0.43 Si-MM 41 50/ 5Q3Q|_203 4.25 0.59 Ti-contai ning MCM 41

65/ 35 Al 200 20099185148 PCT/US2008/013751
Table 2
Catalyst Conv Rates (mole/hr/gm x 10°
% CT4MP2 CT3MP2 23DMB2
Si0, / Al,03 87/ 13 73.6 2.57 9.90 1.21
Si-MCM-41 65/35 75.4 2.38 9.97 1.02
AlLO4
Si-MCM-41 50/50 77.0 2.23 9.47 1.32
Al,O4
Ti-containing MCM-41 | 68.8 2.96 8.57 0.65
65/35 Al,O;
Al-MCM-41 65/35 76.1 2.28 9.95 1.24
AL O,
Pt/Pd Si-MCM-41 74.7 2.52 9.71 1.10
65/35 Al,O; )

[0081] Table 3 shows the ratio of reaction rates for conversion of 2MP2 by
each of the catalysts into CT4MP2, CT3MP2, and 23DMB2. The calculated
equilibrium value for the Rate Ratio based on reaction barrier heights for the
conversion reactions is also shown for comparison. As shown in Table 3, the
acid sites of the Ti-containing MCM-41 catalyst are also lower in acidity, as
shown by the Rate Ratio values. In combination with the values from Table 2,
this shows that the Ti-containing MCM-41 catalyst has both fewer acid sites
and lower acidity acid sites. This demonstrates the overall lower acidity of Ti-
containing MCM-41 relative to either the silica-alumina binder and the other
forms of MCM-41, and therefore the higher expected selectivity for aromatic

saturation versus hydrocracking reactions.
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Ti-containing MCM-41 2.90 0.22

65/35 ALO;

Al-MCM-41 65/35 4.36 0.52

AL O;

Pt/Pd Si-MCM-41 65/35 3.85 0.44

AL O;

Equilibrium Value 4.4 1.2

[0082] Another way of characterizing the acidity of a catalyst or catalyst
support is via a collidine adsorption test. Collidine is the common name for
2,4,6-trimethylpyridine. A collidine adsorption test is a characterization tool
that can be used to determine the acidity of large pore zeolite and/or
mesoporous materials. MCM-41 is an example of a mesoporous material. A
material that adsorbs a larger amount of collidine corresponds to a material

with a greater number of accessible acid sites.

[0083] The number of acid sites in various types of MCM-41 materials
(without a binder) was determined by the adsorption of collidine at 200°C. The
MCM-41 materials investigated were AI-MCM-41 (Si/Al, ratio of ~ 40:1); Ti-
containing MCM-41 (Si/Ti, ratio of ~ 40:1); Zr-containing MCM-41 (Si/Zr,
ratio of ~ 40:1); and Si-MCM-41 (Si/Al, ratio greater than ~ 600:1). The -
collidine adsorption values, in umole of collidine per gram of MCM-41, are

shown in Table 4 below.



Table 4 Collidine adsorption (pnmole/g) Al-MCM 41 (- 40:1) 242
Ti -contai ning MCM41 (- 40:1) 96 Zr-(_:ggt_ai ning MCM41 (- 40:1) 62 Si-MM 41

(greater wbanosiseus 600: 1) 13 PCT/US2008/013751
Table 4
Collidine adsorption
(umole/g)

Al-MCM-41 (~40:1) 242
Ti-containing MCM-41 96

(~40:1)

Zr-containing MCM-41 62

(~40:1)

Si-MCM-41 (greater than 13

about 600:1)

[0084]  As shown in Table 4, the AI-MCM-41 support clearly has the highest
acidity. This agrees with the Rate Ratio data in Table 1, which also indicated
that AI-MCM-41 had the highest acidity. Using the collidine adsorption test,
Ti-containing and Zr-containing MCM-41 had the next highest acidities, while
Si-MCM-41 showed the lowest acidity. Based on the collidine adsorption data,
Zr-containing and Ti-containing MCM-41 have similar numbers of acid sites.

It is believed that Zr-containing and Ti-containing MCM-41 material will
exhibit similar acidity characteristics for processes where acidity influences

reaction scheme.
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The conposition . of tter o | ai.m 2 erein the Goup VIIl noble netal is
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e e s bR RNsE AR isolR Ao 3 BRI BRGE hatibel H0 66, |
the synt hggi,s X'ogtoqrggoﬁpfo(j:q)rd}ilgg_the MCM 41 support material is from about
about 7.5:1to about 50: 1. :

2. The composition of matter of claim 2, wherein the Group VIII

noble metal is Pt, Pd, Ir, Rh, or a combination thereof.

3. The composition of matter of claim 1, wherein the inorganic
porous crystalline phase material has a pore size distribution of plus or minus

25% of an average pore size.

4. The composition of matter of claim 1, wherein X is Ti, Zr, or

a combination thereof.

5. The composition of matter of claim 4, wherein the inorganic

porous crystalline phase material is MCM-41.

6. The catalyst according to claim 5, wherein the ratio of SiO, :
XO0; in the synthesis mixture for forming the MCM-41 support material is from
about about 7.5:1 to about 50:1.

7.  The catalyst according to claim 5, wherein said catalyst

further comprises a binder material selected from active and inactive materials,



7. The catalyst according to claimb5, 13\'£)lner ein said catal yst further
0

conprises a binder material selected ff'omactive and inactive

materials, - 36 - inorganic materials, clays, alumna, silica,
silica-al ym O o L2, 1A i : i i: e .
5 The cafaredyic ABHbR, ottt e, 3ich, SHEALABHAAR, Gl irconia, or o
mat eri al ¢gmbiapiosithe@o® th said binder material . 9. The

catal yst according to claim5, wherein said

hydr ogenat i on- dehyglr ogenat i on conmponent, i s .prgsent i.n

rangi ng from about®-0. %ﬁ}eocggg(a{ aé:c}_)% th.t%éalﬁ’ » W eremﬁgiﬁ W‘%}mti cs
hydr ogenag,j : o1 conpri sing
contacti ‘?}%ﬂp%% y rggegg‘?éégéqjggggﬁm%ﬁd‘aﬁ@ggﬁ a%tﬁgﬂar omatics with a
hydrogenati on catal yst according to any of the above clains, in the
presence of a hydrdgentheoeatalyst aerordisgitogdaim b, wherdr saidn st age

oper at ed er effectiyve,aromatics hgdr ogzenati on condi ti ons.

n .
19, A pr dOATCERAAG FRy drgsenatin aQmPeRAI AR PIESERLI 47} AGOUBhERE ity a
hydr ocar &J&%‘é@btﬁ?&%@&ﬂ?z’;}b%%, aromatics, nitrogen and organically

bound sulTur contam nants i a first reaction stage operated under
effective hydrotreating conditions and in the presence of

hydr ogen- cont ai ni nid.t rAemaragaatics hydragenatian presessfpr advyadrgsarbon
conprisin bout at |east one G.oup VI]I tal_ oxide and at | east one
Group VI HEtSHoRm: CmPRUPSISPRASaEd leagciracar sBieedstisagythat ceBmming si ng

at | east I QL : r c hg..
contacti n%oﬁﬁ‘&?' é} gH P-ng g S’ Hlf@&%? ﬁglﬁ Cgt%gset %g‘{)mw@y? gﬂtbaél%?‘;ceoﬁ?%st’i ng
in the r&gaghe phesehedBf ARUIAéEch-bOEMiRE tREE b4SCin® RFRTibA Stage operated
hydr ogenati on conditi ons.
under effective aromatics hydrogenation conditions.
11. A process according to claim 10, further comprising contacting
a hydrocarbon feedstream containing aromatics, nitrogen and organically
bound sulfur contaminants in a first reaction stage operated under effective
hydrotreating conditions and in the presence of hydrogen-containing treat gas
with a hydrotreating catalyst comprising about at least one Group VIII metal
oxide and at least one Group VI metal oxide thereby producing a reaction
product comprising at least a vapor product and a liquid hydrocarbon product,

the contacting in the first reaction stage being prior to said contacting in the

reaction stage operated under effective aromatics hydrogenation conditions.





