- 1 - PROCESS FOR PREPARI NG LUBE BASESTOCKS HAVI NG SUPERI OR LOW TEMPERATURE
PROPERTI ES AT HHGH VI FIELD OF THE | NVENTION [0001] This invention rel ates
to a procwexodussppepari ng basest ocks havi ng superi or | @aTIUS2@S0&4006 €
properties at high viscosity index (VI). Mre particularly, a waxy
feedstock is contacted with a first deyaxing catalyst having a refined
constraint index (Cl*) 2.0 or less followed by contacting with a second
dewaxi ng catal yst having a refined constraint index of greater than 2.0.

BACKGROUND @RJCESS NORPREY ARMNGINYBE BASESTOCKS HAWING $IERERIORr epar e

basest ocks having a high VI. However, in order to obtain a basestock having
| ow t enperat ure prope@W TEMPERAAIURE PROPERTIHSATHIGHNI  t i s usual |y
necessary to dewax the waxy feedstock. Dewaxi ng may be acconplished by

sol vent nmeaELPy OFfBEMNVENEEDN. Sol vent dewaxi ng is a physical process
wher eby waxes are renove y contacting with a solvent such as

nmet hyl et hyl ne fellowed by chillin I L. ze

filtration @@bﬁe npvg‘h{s}{gv%gg@ﬁ r&raatt%ﬁ t?ta?fggg%s\%\/géfé%b%‘ﬂﬁ@%P%/Steégtogggr(ll\ll%}r}% ng the
hydr ocar bonsuptgadiondtehipebdthRvstopérties holigh @iRResieY lidex PVOPeVIores t o

hydr ocar bons” having nore favorable |ow tenperature properties. Long chain

nor mal par afartieianiyic waxyfeedstopk iseansarteshywithfa first desyaning catalysti fy and t hus

result in generally. unfavarabl.e | oy, I r rt] : tic
Geve ng | SVRE Bidd SOUREAR Bdr Vb SEREGE R BB ceRact BN £ T ana
slightly bragebsd dewhgihkichatalyse having autfficdeorshdint MdeX edwy thaaper at ur e
properties. [0003] Catal yti c dewaxi ng nay be acconplished using catal ysts
that primard.0y dewax by cracking waxes to | ower boiling products, or by
catalysts that primarily isomerize waxes to nore highly branched products.

Cat al yst s tHACKIEREXNIY OF T¢IH NOVERAITEease the yield of lubricating oils
while increasing - 2 -

[0002] ‘Waxy feedstocks may be used to prepare basestocks having a high
VI. However, in order to obtain a basestock having low temperature properties
suitable for the intended use, it is usually necessary to dewax the waxy |
feedstock. Dewaxing may be accomplished by solvent means or catalytic
means. Solvent dewaxing is a physical process whereby waxes are removed by
contacting with a solvent such as methylethylketone followed by chilling to
crystallize the wax and filtration to remove the wax. Catalytic dewaxing
involves converting the hydrocarbons leading to unfavorable low temperature
properties to hydrocarbons having more favorable low temperature properties.
Long chain normal paraffins and slightly branched paraffins readily solidify
and thus result in generally unfavorable low temperature properties. Catalytic
dewaxing is the process of converting these long chain normal paraffins and
slightly branched paraffins to molecules having improved low temperature

properties.

[0003] Catalytic dewaxing may be accomplished using catalysts that
primarily dewax by cracking waxes to lower boiling products, or by catalysts
that primarily isomerize waxes to more highly branched products. Catalysts

that dewax by cracking decrease the yield of lubricating oils while increasing



the yield of lower boiling distillates. Catalysts that isonerize do not
normal ly result in significant boiling point conversion. [0004] Catal ytic
dewaxi ng wayodeasszseonpl i shed sel ectively using zeol it esPChats2@sionsné | y
function as cracking zeolites and having a pore size and shape that admts
n-paraffins and slightly branched parajtfins but excludes nore highly
branched nol ecul es, cycloaliphatics, and aromatics. Such zeolites are
exenplified by ZSM5, ZSM 11, ZSM 12, and offretite. [0005]Catal ytic

dewaxi ng naie flesdoPRwat dollitig dibgithtby Ostalysfs thisidborhesdzd dahoteorfmlln sel ective
branchi ng on n-paraffins. These 'h%/droi sonerizing zeolites convert

n- par af f i ngesut ingegrpfeamtiionéng print epnyersiv-e favorabl e | ow tenperature
properties. Exanples of such isonerizing zeolites include ZSM22, ZSM 23,
SSZ-32, ZSN0864] andCE@Mtitidewdiingmayibe acompldhedisekiciively usingoaeatilésng i s
typically controlled by process conditions. [0006] There is still a need for
i nproved dehebarimarply Sheeiiansas ¢ragking pelifes yublpvings gercovizagthshape| ube base

oi I's havin ood .l ow t epper at i M\@RY ENTI ON
[ 0007] In a%hg[rfagig’ﬂ*srfgﬂ?r,a?ﬁ%seg}d‘ln l@ﬁ&%ﬁ%%trhg@iarg?ij A WO xgﬁ él-gggﬁlpdrr%l(\:/ess for
dewaxi ng a mgily brafitfed aeslsélesk cydibaliphavies)tandraromaticil eSucharbltkiang t he
feedstock in a first st%%e with at | east one 1D, 10-ring nol ecul ar sieve

cont ai ni ng exgmplified bl ASMcP, L IMf i lndSMdRsandptftetithdex of 2.0 or | ess under
first hydroisonerizing dewaxing conditions to produce a first dewaxed

product strigeos] ThecChialyic M@(Xx@%ﬁﬁ&%@bwe &lcomplishal byhase clarblicised in a
second stage with at | east one 1D, 10-ring nol ecul ar sieve containing

cat al yst hahetrgréormesklagtivie branshing ot npawElino f Thgse Aydroisafaerizing under second

hydr oi somer i zj. dewaxi n ndi tions t 0 e uct. [0008]In
a%ot her enbzgallﬁgﬁf",w?ﬁ@p%ﬁ%g'ﬁ? #Ooﬁoﬂ)%%/fﬁagghagﬁf%‘r%o%gges%fa%ég&%gi ng a[ waxy]
| ube f eedstpmipeafiit prépentesdEaindled bEsuchSvheriiig 2801fted in¢lude XBMPpr ocess

i ncl udes contacting the feedstock with a hydrotreating, catal yst _
22, ZSM-23, SSZ-32, ZSM-35, and ZSM-48. The amount of isomerization vs.

- cracking is typically controlled by process conditions.

[0006] There is still a need for improved dewaxing processes that achieve

good yields of high VI lube base oils having good low temperature properties.

SUMMARY OF THE INVENTION

[0007] In an embodiment, the invention provides a two stage process for
dewaxing a waxy lube feedstock. The invention includes contacting the
feedstock in a first stage with at least one 1D, 10-ring molecular sieve
containing catalyst having a refined constraint index of 2.0 or less under first
hydroisomerizing dewaxing conditions to produce a first dewaxed product
stream. The first dewaxed product stream is then contacted in a second stage
with at least one 1D, 10-ring molecular sieve containing catalyst having a
refined constraint index of greater than 2.0 under second hydroisomerizing

dewaxing conditions to produce a dewaxed product.

[0008] In another embodiment, the invention provides a process for
dewaxing a waxy lube feedstock containing greater than about 3 wt.% sulfur.

The process includes contacting the feedstock with a hydrotreating catalyst



- 3 - capable of converting a substantial anount of the sulfur in the
feedstock to H2S and nitrogen to NH3, under hydrotreating conditions,

t her eby rweubavesssvn a hydrotreat ed feedstock contai ni ngclrassomhamwoabout 3
wt. % sul fur and | ess than about 0.2 w.%nitrogen, based on the total

wei ght of the feedstock. The hydrotreaged feedstock is then separated from
hydr ogen sul fide, ammonia and any |ight hydrocarbons. The separated
hydrotreated feedstock is then contacted with at |east one 10, 10-ring
zeol i te confapableod comiertivg h shbstantinl amoaht ofthecolfat imthatfesdstbek toH,3. 0 or

| ess under first hydraqisoneri z]iag(godewaxi ng conditions to lﬁr oduce a first

dewaxed pr dddaitragendaNHymnder tresitnecePnditirnsctheegbydgsliesg ihan cont act ed
with at |east = [ i bAal,n I havi ng a
refined Co%’?ﬁ{%&%ﬁ%&é&"% E'%}tg%b%%% aﬁﬁﬁ%&uﬁﬁgr/g bslgglg%gﬁﬁ%/%r%ﬁoneri zing
dewaxi ng camdut 0.2R%t.%hiRoSEH basel sitihexed] peihy of thededditddkD THSCRI PTI ON OF
THE PREFERRED EMBODI MENTS Overvi ew 10009] One manner of identifying

desi r abl e Ihydroteesnted festisteck isther separased friopphyspgen sytbde.arympnigang, | | |
basest ocks,_a .t ypical | ecu ' {1 [ i ve
roughly 30 aélgrlk%lﬁbygrﬂﬁam%&g%l :rgggépr?tﬁ%gﬁi ﬂ?‘?iﬂrolir%g%gg%érdas (la(H?E r |é(’:&gk1 Ctér?gl ecul e
woul d be a with BBlehdt}ons tITRi 10bting hedlite bysthipédy banlywd idvigbawfindd car bons and
havi ng roughly 3 nethyl side chains. 10010]In addition to the overall

nol ecul e siceastrainkindex bR Oosr lessaundee first hydraisomerédng devaxiggso i nportant for

| ubricant properties. In order. to haye. a, desi I i i pndex (VI), it
is desi raché) 10 ﬁ? R’I"é‘g‘c? ﬁgﬁﬁﬁ%\a}(%%r%@é:fgtr{a r ?ﬁ% lzééq%#a%ﬁae pri m(ari I)y
strai ght chabudtditearsdgtheRRoaticted with ueENEst oneN I 1@efing tndleqular\sgeveour poi nt

and other flow properties, it is desirable to insert branches in long chain
porti ons ofcomtiieipgicatalystibhviag alrefipedietnstrauti sedexnf greptendan Brbprderbal anci ng

of these properties will lead,to a |ubricant w des) I i nation
of propert isggc_)ncf f-‘y(ﬁolsoﬁﬁf%ﬁﬁ%axil%‘é%dil%%s&’(9\5{)@%(% aafev%a%égp ??dr\}%?jgasi ng the
nunber of desirable |ubricant nol ecul es produced froma feedstock. The

i nventi on dABLAYEED PESCRIRFION OB T, EFERRFD FMBEJAMENISt j r st

hydr oi soneri zation step i s capable of inserting nethyl branches across nost
or all of theerfiew length of a primarily straight chain nolecule. This step
wi Il produce a distribution of branched nol ecul es, with sone having nore
branches t esired. otherschavi. . ' ' tyucture, and
sone havi ngﬂpg r b@é‘ﬁéﬂ%nsn%f ﬁ%h‘%{%{e‘g’g‘r‘%ai&‘%ﬁ’zé {ugﬂ{; et%h(g]%@gs gsfgt he

hydr oi sonmerjgzisg peink’ P6eGFoupt M@r Ml lbabdstaks, Diypivay migedut®obtherdeliesd very

cl ose together 1s Iow. Thus, |onger segnents are nore |ikely to be

hydr oi sonertoikieg peinhwilhbaye sughbnt ¢ carpowst 2Anddeaizedmodel for a desirable
hydr oi izat i t Ll es. wi Je h il
nave r ougni yoatsS k&l wIRLE 65 BRntLhY sb AEpf BRI RGiodgRG) Gjn HARENCR

segnents. THiecdrborgt dhddavaaciougB e et kidevehaihsi n each nol ecul e. The
| i kel i hood of a "long" segnent being at the end of a nolecule is roughly 2

in 4 (the r of cend,.se ts ) nts in
t he nol eculrm;mﬁFor <I';1n %qlégﬁﬁ&ﬁqvﬁ?%ﬁﬁélek% %%H%Pérﬁ@rﬁ@%%%s of
having a | qRE nfedBe s Ao inhoreind ferf lubriddk pespeetiésidheréalothav@ai n 3.

Conversely, the odds of havi ng] a_long .se?rrent ~at the end of a nolecule with
nore than 3lesirablelvissopity indgudVEh dlds desirable tcminiauze the ambsr gh everall

branches in the primarily straight chain lubricant molecule. However, in order

to improve pour point and other flow properties, it is desirable to insert
branches in long chain portions of molecule, such as long unbranched end
chains. Proper balancing of these properties will lead to a lubricant with a

desirable combination of properties.



[0013] I n the second hydroi sonmerization step, the invention takes advant age
of the fact that the likelihood of having a "long" end segnent in a

nol ecul e we 20090185350 gher for nol ecul es with fewer branchesT/Ush@ssewmond

hydr oi someri zati on step enploys a catal yst that selectively introduces
branches only for straight chain end sggnents. Based on the sinple nodel
descri bed above, this type of hydroisonerization step will have a reduced

| i kel i hood of adding further branches in nolecules that are already heavily
branched, 4001y cor Thispnvdition procidesis edyl dflird¢ressing] thefnumdstirrod br anches to
nol ecul es that have 3 or fewer branch As a res

X S. I t.hi s second
hydr oi somerdesisahle fubsicapt @HMPEFS%?‘@%PFS@&WW% zérhﬁdmé?,‘moé‘s with few

branches, | i LR~k . = i i WA

ot onal | GHE0RER hlo WRBHSUEH AR zationiarocBE The K BrRAEARA,
[0014] The heseibichpatdé of hgeitinganéthghbranehesalcedss weosbas el ob thet fudl lengtht i ng
feedstock used. Gven a particular starting feed, the inyention wll

provi de a lofigrpriesnlystiateht chaingpolscHe g ibis sien walhpragce adastiBNtIoRehy |
groups. Wien. ph 0 i . i i nvention
o P1P5r vt iSRRG \ARN SRR ERASE biincRECHE dlfEd ot | TE

relative t thaoiipmasdesirad briahelifg sirdgurd;and sémc hay g foweckhdatioskhaised in the
process of the present invention are wax- containing feeds that bgil in the

| ubri cat i nglesirgd.r Ragdo thenature f the hydesispmpsrigation piesess, thelddwlibped of | at i on
i'nt ter.t t . ASTM 2887,
Pd ar o Gortiaying 1 SaRtHtes vy oty hhelrer i BR2 TR, RheBdliCadd) FOTNM SO0

t he feedst gbreiliked td AR} drofseierizedthan¥hohasgtlems. f eedst ock but can range
up to about 95 wt. %oil in wax content. The wax content of a feed may be

det er m ned ucl egr, ' . r T 02), by '
correl ati ve[laﬁhﬂl nmet %gggﬁ%@fkﬁﬁg%g@%gﬁg%@pgﬁV@ﬁ%ggn%f %@?S%Eg%%ZSS) .
The waxy fefR@sbeiRyY bRcHey wWilEHaved @iighlyBibiagch pbinsy) wicaning thucthemswill | s
derived from solvent refining processes such as raffinates, partially

sol vent devkexksiraightshatnesegpieats: ebhelength oficaeh seament willa@ay i 8268 oi |'s, coker

ils, h ) k ; ' i ke,
2 cher e JBSERTrAIEE TnEfhORI Rt o FloB SEHGR velilhIng b ol Ehoidile s
hydr ocr ack euialy ORE (8¢ AskbeesRédaegmentolesus Thopembenaaiddldly dr ocr acker

bottons are typically a 700F+ product of hydrocracking of an atnospheric or
vacuum gas ssgmefisdn themolecuige For a mraleqide wathy ey fwo beansh peants.dhes an

unconverted fr %&Blﬁﬁgﬁﬁilﬁ%g"%\ﬁ%{ﬁ% ﬂ’ge_een?‘ﬁtag’%éleé‘é%%&\éggsft6 Q_rﬁlrgydr ocar bon

feeds by sd148 waxes typically contain

SONe T esi dt@émxe'tdelﬁ,rﬂwo@dseowm%ma\%@egmam tahé endbf & nleculewitied from
deoiled - 6 - slack waxes. Fischer-Tropsch waxes are tﬁ/pi cally synthetic

waxes prepaner thyn 8 fhearchaqeints deerepsastvidy erohadditiqnabbraas
[0013] In the second hydroisomerization step, the invention takes
advantage of the fact that the likelihood of having a “long” end segment in a
molecule is much higher for molecules with fewer branches. The second
hydroisomerization step employs a catalyst that selectively introduces branches
only for straight chain end segments. Based on the simple model described
above, this type of hydroisomerization step will have a reduced likelihood of
adding further branches in molecules that are already heavily branched, and a
corresponding increased likelihood of adding branches to molecules that have 3
or fewer branches. As a result, this second hydroisomerization step should

selectively isomerize molecules with few branches, leading to improved pour



[ 0016] I n an enbodi nent, the feedstocks may have relatively high amounts of
nitrogen- and sul fur-contam nants. Feedstocks containing up to about 0.2
wt. % of wotnogsmsIbased on feed and up to about 3.0 wt PCc¥uskooswhifon6 can be
processed in accordance with the present invention. Feeds having hi gh wax
content typically have high viscosity. 4ndexes of up to about 200 or nore.
Sul fur and nitrogen contents may be neasured by standard ASTM net hods D5453
and D4629, respectively. [0017]1n another enbodiment, the feed can contain
at | east 5@@iny,wpkile MihihizingeiddaionaEBahcKing thidt %auld primarily leaddb aan

enbodi ment, treatment of the feedstock according to the invention wl|
result in zedyedeomét VWith a | ower sulfur content than the feedstock.

[ 0018] For feeds derived from sol vent extraction, the high boiling petroleum
fracti ons {01 at nOBIsdnetitCo fihe linvaition afy wlartbased an vteecatantingi stil | ation
unit, and the distillation fractions fromthis unit _are,iol vegt extract ed.
The resi dufeedstork wsed: uaivens partighlpharing feed, dbaipysationwill pPRAVIde Py ent
extraction,process. sel.ectivel [ the ar ' QARRAts in an
extract phga"goélc\%léﬁ’rgﬁ}léeta‘?c’/%dﬁéq}l eegﬁlé)trscgméggé 'ﬂ@c’ﬂgcﬂg%%rr?gﬁgg Inaraffinate
phase. NapPMaﬁgb%a t8/achidvs b target ¥llambbrwie, theinoshatiactvilaprbvidd 4 i nat e phases.
Typi cal solvents for solvent extraction include phenol, furfural and

N-met hyl  pubrisantwith andmereved raws peslt 2né eloyd proawt tskatiye s FaryeaHopd ween t he
extract and raff.inate phases by controlling the solvent to oil ratio,
extracti onPI&M8P&t ure and nethod of contacting distillate to be extracted
with solvent. Hydrotreating [0019] Waxy feedstocks typically contain sulfur
and/ or ' ni t Feedstodkont ani nants in an anmount unacceptable for |ube oils.
Accordingly, if the waxy feedstock contains unacceptabl e anounts of sulfur
and/or ni t[@S) - Feedstookd asediathsprosesshofitkepsomkinientioprirastazd with a
hydrotreating catalyst under conditions suitable to renove at |east an

ef fective spwiainingfeednthasbpilin thelybgeating oibragec SHERfReIaOCkS t o produce a
hydr ot r eat ed_.f St aCK: noBYy: . v ' opt t hat anount
of nitroge péﬁagglglmvf%uarma/% éi lsrtg%\géé’o%ng gg%? %@E%?ﬁ%@?e%?aﬁ% ube oils.
Hydr ot r eat inft@isgrel dyYASFMVEDI 86261 £STM 286K ahi@ b derived fidindeticmiieralni ng at

| east one Group VI netal and at |east one Goup VIII netal, including

m xt ures t had epithetiesanreesd The veaxsconirat gfithenjeedsigekis at lsgstalpubil Wtur es .
t hereof These netal r, m xtures of I I R cal. r as oxi des
or sulfi deg/g’ﬁﬁls?(t?? E%Q@B‘P@‘??é‘f & %ﬁ%gs té@%%%‘?t"?.‘;’tyrh)%(a%lﬁﬁ??‘e&?f&‘t&et al s may

al so be pr qpgRfaxdsonéit lof AEEEd maibeldesirminddsyehutlédiansgietiotrewdnanas al is 30
wt.% or greater, based on catal yst. [0020] Non-limting exanples of suitable

net al oxi deps;mqgsmnys(ASiEMjaéZ%), by correlative ndM methods (ASTM D3238) or
by solvent methods (ASTM D3235). The waxy feeds may be derived from a

number of sources, such as oils derived from solvent refining processes such as
raffinates, partially solvent dewaxed oils, deasphalted oils, distillates, vacuum
gas oils, coker gas oils, hydrocracker bottoms, slack waxes, foots oils and the
like, Fischer-Tropsch waxes, and mixtures thereof. Preferred feeds are
hydrocracker bottoms, slack waxes and Fischer-Tropsch waxes. Hydrocracker
bottoms are typically a 700°F+ product of hydrocracking of an atmospheric or
vacuum gas oil feed. This type of product often is referred to as an
unconverted fraction. Slack waxes are typically derived from hydrocarbon
feeds by solvent or propane dewaxing. Since slack waxes typically contain

some residual oil they are usually deoiled. Foots oils are derived from deoiled



silica, alumna, silica-alumna, titania or m xtures thereof. Preferred is
alum na. Preferred alum nas are porous alum nas such as gamma or eta

al um na. wWbeoaaissisby of metal oxi de supports can be contcoiuseasioy40aeldi ng
pronoters and/ or dopants, or by controlling the nature of the netal oxide
support, e.g., by controlling the anougt. of silica incorporated into a
silica-alum na support. Non-limting exanples of pronoters and/or dopants
suitable for use herein include hal ogen (especially fluorine), phosphorus,
boron, ytt rilack waxes: Brclidi-Tropsitswaxed aragypdsally. syRtlatiotvenses puegarasbjal ogens
generally increase the acidity, of netal oxide supports while mldly basic
dopant's sucthe Zischer-Trapsel symBeiispiacessnd to decrease the acidity of such
supports. [0021]1t should be noted that bul k catal ysts do not include a
support nat[@ole) , andan babodindms, the €ectstocks amgriavaselativelyihigh or sul fi de but
as the netal itself These catal ysts typically include netals wthin the
range descrameuntspbritrogen—andsuli-coptapmipays; heedstoghs cantajgingdin togs at | east

one ext 1 usi g a9 o UFn AT vl UR el Ao RUBRALS B DYELPLAGRL | 10

catal ysts, el I VI y or in mxtures, ranges fromabout 0.5 to

about 35 WcaihbejRsestsahinCcRicatdante with thé preseseinoéntjpne fRuedetaving higles of
Goup VI and Goup VII| netals, the Goup - 8 - VIII netals are present in
anount s of Wabeerpypigally havebightvissogity vadepeselmte 2boub YL or B1Ee-t he G oup

W I At | i f % ‘Th
amount o of WA igods AR Bu by S Y sihdspa AU ittt 1) T

i nduct i vel yDSOBARDIDA6ZS Fosprbav@lg. em ssion spectronetry or other nethods
specified by ASTM for individual nmetals. Non-limting exanples of suitable

comer ci al | ilable drotyreatin i nel F- 840,

KF- 848, anJY)gZynf i ne?"l’ﬂ}foqg’?reefntétr)? é@eggtt%%gbég}ér%(éﬁﬁgglwé{gg?sglg ?g g"]“i?f‘gh nmet al s
content catglifis!cr dt aktoll ReoKEulBdS Iardcidn édbodindkén? Ak ddtahent ofxhei ng
conditions involve tenperatures in the rangle 280C to 400 C, preferably 300C

to 380 C atfepdsteciacssrding tnherinyepsionrwillagsult in @proslyckwith @dower nl800 psig) ,
preferably 2859 to 138211cPa, (400 to 2000 psig), a space velocity of from
0.1 to 10 Lﬁ@fﬂtﬁil?aé]f]%?z%ngﬁ) !(1 to 5 LHSV, and a hydrogen treat gas rate of
from89 to 1780 nB/nB %500 to 10000 scf/B), preferably 178 to 890 nB/n8B
(1000 to 500018kt / 18pr faeds denivgitrom sobtanh gxixpgtiony g Hgh badingnpunt  of

ni trogen and, sul fur. contam nan Nt y f nverting these
cont am nant%etEOEeUMﬁﬁ nszaatg]%mha)}%r%s l{e%ﬁlcrslﬁ?t%é}l aﬁgg%tég(?l%\)}é lf/li.:fRThese gaseous

cont am nant §stifatioatuniS Bid eHedistillAiont figctions fidind Bad esit beedivatk using
conventional techniques such as stri rggsfetrs, knock-out druns and the like. In

t he al t er nagxtsagted; The rasidvedrommvaawws distillationmay; bindeasehaliedr Bhe eat er
contai ns anpunts of contan nants that wi t . i
subsequent ¥ Fﬁtéacgltog&ergc,:ests ﬁ%lé(étrll eﬁ}/ gi’%élé/ g%ﬁlse Aéﬁ%'g{llé gﬁ?’&%‘%‘{if Lrgn fromthe

hydr ot r eat egxtriYpie $aiile 168vihg end inbed palefinic bempomges in HfdfAhatbe
hydrotreati ng reacti on stage can be conprised of one or nore fixed bed

react ors orphasad¥aphthengs ats distributedbesveen therexiragiandsaiinae phgseeh can

conprise o ar_.nore al yst _beds of t i t rotreating
catal yst. Rf ¥H%81|§RIV8P$C??P‘ f‘éﬁ%@t eggragf;?%}n%{d%%gf)fg@ﬂ%@ g@e}@t mg @gd_ beds are
preferred. [SHedlidohBeOnkYaR SoftfrolCtht deyfee JTeEiSaratidr Bétheeh e ¢iamchaidi N
include flui'dized beds, ebullati ng beds, slurry beds, and novi ng beds.

| nt er st age raffinate phases by controlling the solvent to oil ratio, extraction temperature

and method of contacting distillate to be extracted with solvent.

Hydrotreatin

[0019] Waxy feedstocks typically contain sulfur and/or nitrogen
contaminants in an amount unacceptable for lube oils. Accordingly, if the

waxy feedstock contains unacceptable amounts of sulfur and/or nitrogen



- 9 - cooling or heating between reactors or reaction zones, or between
catal yst beds in the sane reactor or reaction zone, can be enpl oyed since

t he desulworo@asszsn reaction is generally exotherm c. APporus2@s/oofo0é he heat
generated during hydrotreating can be recovered. Were this heat recovery
option is not avail able, conventional _.gaoling may be perfornmed through
cooling utilities , such as cooling water or air, or through use of a
hydrogen quench stream In this manner, optinumreaction tenperatures can
be nore easjonyantibbntduchdeeds0itkS} Contactgd iwidr ohydretreating taslyst yrader about 10
wt. % of the feedstock, preferabl Iesse}han about 5 wt. % nore preferably
| ess than d9aditionsgpitable tg ?%‘f?\/%ﬁ?@&a@ fecitye Wﬁfﬁh%ﬂg%‘ﬁ@ﬁﬁét s to

produce 2 Tgoekl EREHGRR LI IR AL ORRELIDE Agatin,catal ysts of

t he process e presen lI'on~ar € uni di nensi ona ring

ol ecul ar sdn@fs’ &e Miciniit Iast tladhindlist dfarirogerdaid subfir aed tenssiedaoahr ai nt
I ndi ces. The refined constraint index (Cl*) is discussed in areviewin

ZEoub TES, dmpf.:ptable,&@rql ifor lyhg eils.oBlydmmreating gatalysts suitaplesfor percliersip p. A
J A i h of
ahi ohar o 19 foss FRbtaflie pEIRSE dhetiBhb S ifElna dilBs oRBGrbS WIROL R OF,

based on thﬂeféﬁ,@ﬁﬂﬁaia%trhi&ﬂnei thersteC aPrefariedafietarivelnde O, WiMo,Ld i s defi ned
as the ratio of 2-nethylnonane to 5- nethyl nonane and constitutes an
al t er nat i veandgmixteresthes¢afe (ihese metalgonmixiens ofimatels am typigallyinsesedt por ous

crystalline materials one I 1] ] entd al Ly | s L.ze a

nol ecul e atast%&ér% SB}ﬁq%ﬁé’ nﬁ%ﬁé@ﬁ@é‘%@w%ﬂﬁ N %ﬁé&s'@%e?g%ﬁ&ec%&)?@t s wil
pref erenti ahhy alb &8 yresedt AEbulkImaaiecitalysts Rderdiatial sfidsntWflnhethleiy80a | ower
selectivity preference for the end of the chain, and will instead randomy

i soneri zes wh¥rongreattu basqdeemyeatalyst. a nol ecul ar chain. Since selectivity of
the bifunctional nethyl branching of n-decane is postulated to be

transition @oagle CoNondihfthg dagndits ofduithbleGhetiEdtige buppdrsanelndes in
di ffusional effects on the ingoing feed nolecul es, but rather, differences
in size andpilica, alimina, silica-alumina, titania or mixtures thereof. Preferred is

alumina. Preferred aluminas are porous aluminas such as gamma or eta

alumina. The acidity of metal oxide supports can be controlled by adding

promoters and/or-dopants, or by controlling the nature of the metal oxide

support, e.g., by controlling the amount of silica incorporated into a silica-

alumina support. Non-limiting examples of promoters and/or dopants suitable

for use herein include halogen (especially fluorine), phosphorus, boron, yttria,

rare-earth oxides and magnesia. Promoters such as halogens generally increase

the acidity of metal oxide supports while mildly basic dopants such as yttria or

magnesia tend to decrease the acidity of such supports.

[0021] It should be noted that bulk catalysts do not include a support
material, and the metals are not present as an oxide or sulfide but as the metal
itself. These catalysts typically include metals within the range described
above in relation to the bulk catalyst as well as at least one extrusion agent.
The amount of metals for supported hydrotreating catalysts, either individually
or in mixtures, ranges from about 0.5 to about 35 wt.%, based on catalyst. In

the case of preferred mixtures of Group VI and Group VIII metals, the Group



geonetry of the transition state or differences in the diffusion of the
nono- branched ol efins fromthe acid site to a netal cluster. [0028] There
are two deoarivgssbages in the present process. The fir SCTASags/0ha86 a
dewaxi ng catal yst having a CI* of |ess than about 2.5, preferably 2.0 or

| ess, while the second stage has a dewgxing catal yst having a d* of
greater than 2.0, preferably at |east about 2.5. The upper limt of C* of
the second stage will be about 10. [0029] While not wi shing to be bound by
any parti CUWHI mietdoarg, pregent in draburety ef frolraabduit 8. 5 forabiout § agdedeasad iong

catal yst promgtes formation of isonerate branches s what random y across
a par af fi n @y andthe @rqqpeVgg@&jﬁarsetpgggangmpws eggm%o%gé%t es

i sonerate ) g oat f ' b0 atolidSibs S E

conbi nat i o%bgp Fﬁ %’t&a’%ggrggon ogtr%éégﬁgg%% ;ﬁigegsélgg‘gwgtos gi vgsllﬁi ?r%r oved

i somer at e kypacedscopy,dhdidtivielyt ¢cuplalslasthiratdmicsimistiay spexdatometst oral one. Thi s
i nproved branching distribution results in lube qils halvi ng inproved | ow

t enper at ur eothergpethedespecifogdn ARIM forsindividpab metalax Nog-lemttheyst is a
zeolite co [ ' ' o X t: bout 2.5,

pr ef er abl y%b%g%%%@ggﬁl%%émzné%kﬁp gzdl@? @%ﬁl?h?@t%gl% g@%cﬁtg@%tgl gpde?i ng and

uni di mensi crBI722 eKFL840), KINo848, iandtSengnelXampPreferred cpbiarare tow acidityes for use
in the first dewaxing stage of the present invention include ZSM 48 and
zeol i t es i Stigh metals eontentratalysts ncaluding &gt EapdRTER L1 and zBM 30.

Exanpl es of bound ZSM 48 catal ysts with a Cl* of |ess than about 2.0 are
provi ded befoop2] [ 00BIHidireating ebaditiong thvdbrwetsinpgratvres iry thie rasgea2 85 Cecul ar

si eve containing catalyst, erein the nol ecul ar sieve hgi@ Cl* of greater

than 2.0, ped08r Ehpieferably3°CapAR0 °e af prossurespp thefange ¢ f% also 10

7o 25,z R @t T Fte ER LR 2 O SPRUERY Loy eves el uce
| SOSt r uct ursig)e keaeh@locsty@feFom 0NCtoUrh DHSS@?réﬁrathe.tlao 5, LHBV] énd EU- 13,

KZ-1, ferrierite and NU-23. Preferably, the,fiyst staae dewaxi ng cat al yst
contai ns a ahydregemireatees rate of fam 8%t 1 8wy (o990 & Q%@C\r,\f@)eat al yst. For
exanple, the first abaly iy a zeolite that is ZSM 48 or
isostructurlgF}W@?ﬁ@%%?g%(?"hﬁfll@totoﬁggssggglﬁ catal yst can be ZSM 23, or

anot her isostructural zeolite. 100321The preparat.ion of Jhe first and
second st agi9083} al yEydroteeatiag ayilleducgsthe amoypiof nifegsand sWfding ol ecul ar
sieves used t r epar.e .t he catal j ] nd second
stages are %O&ﬁ%ﬁlgﬁﬁtédn \%et‘ﬁa)f?l( }r‘le g%@.aﬁké(r%? {?‘Ieerl{lﬂ ﬁg %bésgfgnnt% elféérg# tcﬁi nder s

sui tabl e f ofmmoRiatRdeiydrogenl sutfeded respettively.i Theveggaseousontaminantsinggy oxi des
including silica, silica-alumna, silica-magnesia, silica-zirconia,

si | i ca- t horbexseparated-fiomehg hydrptreated;feedstaokaising camygniona) éechniqugsi ng cl ays

fromthe nontpori)lonite and i Ll i.es. of . bi nders may
al so be use¥® ?ﬂééf%ﬂpsgfs %@c-g@%@%@éﬁ%&yh@%l Icr}MRgtalﬂéﬁl,smg%’i lgluﬁ]eat ment or
chem cal nogidrogaitePetfluthefrdmaht hgdan@ater BoskingaYndumts0f doatarhingatsher and
extruded usi'ng conventional extruding techniques. The ratio of zeolite to

bi nder can thanyil netdntesfserwitbshe subsequrny dewaxing stapgs thg CRIEHECHSy be
bj ected t i deal uninat i | ' ili
rmtersar i SUHEARAT ol e SSURR PR RPEEQHE Bt frsPalog | CR

Deal um natigg%é;an be attained by nethods known in the art, such as for
exanple acid Teaching or by a steamtreatnent. Steamtreatnent is effected

by contacti e catalyst .ext.r t i . eratures

rangi ng froﬁ&%ﬁﬁut %689?%‘”% gﬂg g%'gggn\g%%g C%Tr1 ggglr@%flg&fér{g{’ﬁ%g%%@ 400C to

about 550C. fi{d Sed feg@biEdtires@ibnonas Gt 4 singte feactoneadhnafdphich @anf

substantially 100% steam or in an atnosphere corr_%réi sed of steam or ammoni a
1

and at | eascorprisecnear nyers cetpdyst bedsekhigspme) gr differant,hydrotreativect to t he

zeolites. A sim| treat men n | J eratures and
el evat ed pr%azglﬁ?te,%t .Olégl.,‘ oﬁﬁgﬁmgg%?gti@g@)ﬁ% cgﬁ@‘églsgéég%‘gﬁd'efié gfn?about 10 to
about 200 abRsR¥CKAsh offehBipesBf badlysobeddaaltabit Mot iiserherdin Gholade heni cal
treatment with chem cal agents such as fluorosilicate salt, carboxylic

aci d, and afluidizgddedplebullaiingbeds: slurrytheds.mpdanayiag bedeJaterstsga al | i zat i on

m Xt ur e.



- 12 - [0033] The nol ecul ar sieve/zeolite catal ysts may al so be cal ci ned
before or after extrusion, preferably after extrusion. Calcination can be
per f or medwbyo@nmgszsai t abl e cal ci nati on techni que such asPChasa®s/00f00@n
oxygen-contai ni ng environnent at tenperatures from about 100C to about
500C, preferably from about 250C to abgut 450C for an effective anount of
time. That is for a time of about 0.5 hours to about 24 hours. The catal yst
can al so be reduced in the presence of a flow ng hydrogen-containing gas at
a t enper at woelihg ofrhediingt betWoén feactbood realiin zdres3st] bittwbanesdtalystebeds
hydrogenation netal is preferably incorporat ?d, i.,e.eégy dgﬁg}rsriti.on, onto
the hydr oi dBitRe SameEsaelORaK FeAGtieREaRS, £A1 be smployed,singeshe dg Fahp aft er,

preferably L, i . b i. I i
zeolitel rmlrgﬁét}ﬁ’grls é?@e\;@f_l?%ﬁ@h?@%ﬁ bé?&éi‘%ﬁfﬂr#gt@ Fgeaﬁri@r %tgd H{eigg%i ted by any
known neanshydMifeakingfichh bg réccepdde Widre shis hedtlrecoveayisptian isnmdr por at e t he
hydr ogenati on netal include incipient wetness, .ion exchange, . nmechanical

m xi ng of rvelableosventienal cookingmayibeperforaed thipugh evddingiilifiesder, or a

conbi nati on_thereof,, W th the_incipi L tpe%l!n{‘ t he
preferred :ﬁgfﬁ%?"“ﬂﬂ‘& ‘f'%’ttggg)r glrrl’d&gdégdé%gtussgggg%%éﬁ%g%ﬁs lrer{g(%}eszatl d%ncat al ysts

wi 1 pref ersaflifariet optmimirdactiofRémberadeOeed inofe esilp anaintainche met al
hydr ogenati on conponent is preferably a Goup VIII netal, nore preferably a

bl t al t (g . ' R t of
motal comdiei i o PRRAVsttRunk 1o Bl DTG RREBIR T 2l st

preferably Jﬂr@ﬁb&bl?leibs titanZabifut YowtTHE nisrepxéfogbhalesd shah about hevtf Yo &t st age
may be used in the sulfided or unsulfided forr‘gﬂcand is preferably in the
qQ

sul fided fconvengdo 63088 (343°Co mypunprodsrts dapradics g hydvetisates cat al ysts in
the first Stte%;gsg Ctljg the second stages ranges from 1:10 to 10:1, preferably
1:3 to 3:1, ? referably 1:1 to 3:1. [0035]In order to determ ne the
refined constraint index or CI* of the catalyst, the Cl* of the bound
cat al yst i Deéwaxingnmeasured to determine the initial catalyst Cl*. If the
Cl* is not in the desired range, the Cl* can be adjusted by nodifying one
or nore par@uRéler s iTheldedarimgtdaealysts ofihe provesnof thetpresent ventiod 8re- degr ee
of deal um nation, the degree of calcining, steamtreatnment, the nature of
bi nder, andmidisensionpt @Hol (ting molegularsigyes gentaiiag eatalysts haxingor i ng t he

ef fect of i fyi n j . gL er L #y;can be adjusted

to the desir?@egll&leééﬁpﬁ%e. %Ogggﬁh@{]esdro%rrggﬁee% geégl%(l)rg:({%ﬁi(s@lt)hlgn contacted in

a first staggRyddl iaisewrRiv BEZEOLITESvE. hysp, pagesrdsza05 (198danad jsst  under
described by P. A. Jacobs and J. A. Martens, Pure & Applied Chem., 1986, 58,

1329 both of which are incorporated herein in their entirety.

[0027] Briefly, the CI* is based on the isomerization of n-decane at 5%
conversion. The CI* is defined as the ratio of 2-methylnonane to 5-
methylnonane and constitutes an alternative method of discriminating between
different families of porous crystalline materials. Some catalysts will
preferentially isomerize a molecule at the end of the molecular chain. These
types of catalysts will preferentially produce 2-methylnonane. Other catalysts
will have a lower selectivity preference for the end of the chain, and will
instead randomly isomerizes over the full length of a molecular chain. Since
selectivity of the bifunctional methyl branching of n-decane is postulated to be
transition state controlled, the CI* will not reflect differences in diffusional

effects on the ingoing feed molecules, but rather, differences in size and



hydr oi soneri zation conditions to produce a first hydroisonerized product.

It will be understood that the terns hydroi sonerizati on and dewaxi ng are
used i nt evohawwgsaisby herein. The first stage hydroi sonePCTA2@800w00¢ | S

t hen conducted to a second stage hydroi sonerization in the presence of a
second hydroi soneri zi ng dewaxi ng catal ypt to produce a second

hydr oi soneri zed product. Effective hydrodewaxi ng conditions as used herein
i ncl udes tenperatures of from250 Cto 400 C, preferably 275 Cto 350 C,
pressures ofeohtetry ofhe tranfifidR Stakdor diffeferices BOMO diffugipn ofthefmomdl y 1480 to
17338 kPa (200 to 2500 psiqg), ljiquid hourly space velocities of fromO.1 to
10 hr -1, &rrelp@}eémlsf?@.§omgilsaﬁé|snsﬁ<aaﬁ%?%ﬂa§ertreat gas rates from45 to
1780 nB/nmB (250 to 10000 scf/B), preferably 89 to 890 n8/n8 (500 to 5000
scf/B). Prd0628] [ 003httenara two ebenxking stagesdn theniresdny grazesedfhenfirst s per f or ned
in a separate reactor and both the first stage and the_ second age of

hydr oi sorrerﬁt%geﬁbasd’e‘%é(‘!éx#@ sadalysthayingy "'ﬁoggﬁgflglpébeﬁ %-I%yE‘EC?‘EféE in a
second sin t.Of. j : X 9 gat al yst

cont act "t e Sk §RFoBhits lf sePoiRl FhEY KA ARRhahEBaghal BIBER CIE o 21V 51 age
dewaxi ng. |greatsr dlaa@.Qrpeéferabdyl at least abogid.5 gibespperdink? 8f NHB obthest r i pped

bet ween any one or nore reactors or reaction zones or catalyst beds. It is
nore pref erseeend stage Wiljhe aBawtel). and H2S and NH3 be stri pped between the
hydrotreating stage and the first dewaxing stage. This preferred enbodi nent
hel ps i npr q@e29he paviity neneshing tb be bound by ang pastioutat theayeit dewaxi ng

catal ysts. However, if the amount of H2S/N-113 forpged by h¥drotreati ng is

not excessibediexed that the finshstagp dawaxing catalyst promeies frmalipp T 13985 tE or mance
of subsequ | I i T Uen r

hydr ot r eat ieér%ns%\ggé}nrg}g’;l}g gﬁgéﬁlﬁf?gi)gf%ﬁ %?fgrfc é{fl/\’/a‘gﬁlrl%ﬂ%tsgg%ﬁﬂﬁ? eout
stripping. ddwixagecatamyt prondskeidomeratdibrahekidg at theasndp off dre pavaffint er i ng any
reactor. [0038]1n another preferred enbodi nent, the hy,drotrej\ati ng catal yst
is in a firchainchluspthe compbinpion pf Brst apdisecond stesdgysxefalrys cat al yst s
are in separ.aie. . ALk d. f t fromthe
hydr ot r eat ?é%gésrlgg%? g?dj}sgh"lggﬁgﬁg%l é:g!}&\/\(/lh%}hl%g%l&\?\?? @Eté ﬁé%??“é%f%ﬂﬁt?o a second
react or cordlahd)i Tiis i@rdvied Yrasididx disgibution rysilts il hebeadifsl hawirig f rom first
dewaxi ng stage is then conducted to the second dewaxing stage, preferably
wi t hout i ntigmso¥rsklost tenperatyre PrOpeYEs-n ei t her enbodi ment, the effluent from
t he second dewaxi ng stage nay be conducted to a separator wherein a gaseous
phase is sepgsaf ed Thefirst stagidevaxigseatalyids hizqulie whidiniegicaplyse i s sent
to a fractionator to produce the desired | ube oils having inproy

ed
propert i es. whighzgplite has @eCl*lsssthar aboyt2. fyppeiseably 1001 lgss- t Hig zaokte | i qui d
ef fluent fr. h ec d . rafini s 105 to being
sent to thel?n}t;lcszt% |ls§r?aﬁg&'.e a%%@ﬁbjg%ggﬁlﬁggﬁgﬁsgﬁ%{% Zgélsl{lér eg,%qtlﬂﬁeh%l oduct
resul ting fé’)&i’ﬁﬂ@"@%{iﬁﬂtdﬁ)zebﬁteb)fdﬂweiiﬁitISehﬁfkt dewaxidg/stdge cfdheiptesgutoduct
qualities to desired specifications. Hydrofinishing is a formof mild
hydr ot r eat i inyertionciachide ZSM A8 ansk 2eqljtesAsostrysrzldhgrevwathdpelpding Ui % s dual
aromati cs | 1 ' ) i f @ & Di.Ng
net or oat omeUrid coff PN RS behGREE ZEVERE AR Bn Y CIREESTE, 11y
carried outthhn aB@RCRG ereprovidelddeltavaxi ng step. General |y hydrofini shing
W ll be carried out at tenperatures from about 150C to 350C, preferably
180C to 25 tal pr r i . (about
400 to 30008315y - IRESTEETaY SealaBhe Cuplal AT aRPRal BerPCSRARIR 100" ¢
hr. -1, prefatapitywBefein theSmbleculabpidvéisy ® @Fh of gprater gl 2.0f gefarhblir om 44. 5

to 1780 md/ aﬁeés%ggogtoz.Sl.ngg (r)noslgulla?)s'ieve is also 10 ring and unidimensional
molecular siéve. Preferred molecular sieves include ZSM-22, ZSM-23, ZSM-
35, ZSM-48, SAPO-11 and their corresponding isostructural molecular sieves,
including SSZ-32, Theta-1, NU-10, EU-13, KZ-1, ferrierite and NU-23.

Preferably, the first stage dewaxing catalyst contains a different zeolite than the



- 15 - [0041] Hydrofinishing catal ysts are those containing Goup VI netals,
Goup VIl netals, and m xtures thereof. Preferred netals include at |east
one nobl ewoev@loshmei ng a strong hydrogenati on functi on, Pesprseooalol4p06

pl ati num palladium and m xtures thereof. The m xture of netals nmay al so be
present as bul k (not supported) netal. gatal ysts wherein the amount of netal
is 30 wt. %or greater based on catalyst. It is preferred that the

hydr of i ni shing catal yst be a supported catal yst. Suitable nmetal oxide
supports i nebotesthgadanixdng cavslyde sFerexane, 2hé fiex stagk watalyst can | i ca- al umi nas
or titania, preferably alumna. The preferred hydrofinishing catalysts for

aromati cs setpingzepligithat iz g 8eordsostragairalonith A8Mit8nabllnghe el ati vel y
strong hydrs%gﬁﬂdé‘ctéa{t@pr%t‘;c%ﬁ‘i}e'm B BRDMEPisSURRAN odoffib.Ca!  Suppor t

3 . = 1z .
materials i ous~or crystalrtine oxide naterrals such as al um na,
silica, and silica-alumna. The netal content of the catalyst can be as

hi gh as abd@®3%0 weilhaproperation ofitbe firand serandritass) catalxyp fsedssetibeds are
usual l y pr eassefah%\'g?. a%%&ﬁtcn&%§%%§fga 51'3?%% l"i‘st%ﬁtf{) p éﬂ%e th%ca%lgsrtfhogﬁ{/ﬁg s

hydr of i ni shi'ng t7rsa mes S erra ongi ng

class or f aiseliyn e first &ldyselcond 3taged\irE Sofmpbited @ithGaddry, SNen4diitiigs opor ous
materials having high silica contents whose preparation is further

descri bed igxamplespfdrindenhsipitabip for use horein includeahw@ina, tianid |z8soniac| uded

MCM 41, MCMLA8 an Q. soparous refers. 1o ¢ | ysi:s, havi pore sizes
From 15 to 0t SHiger ot fFaRalcAiuniip slickindie ol il O 21 wnose
prepar at i onsilica-Mofia! diledbery11i4) istiRA-tHhdih S dPab@incNdifizeElaps 8 h84. MCM 41
i's an inorganic, porous, non-|ayered phase having a hexagonal arrangenent

of uni f or ni postimasdlqpite @sd kaplkin fapiies.aMisturesofisush Hindaopmay alse bg ke a bundl e

of straws whereif the openin f,the str t. el | . di of the
pores) rang‘ésgd‘f Fﬁﬁc%sflgay%o@ﬁaghgﬂlg!na%éfé@ﬁggt%négt?}ggé@%try and is
descri bed fgapdigxaiion. cThSzddNté 8ad Bindeemaldeanil] éthebarlP&ktAlfzdwher eas
MCM 50 has a lanellar structure. MCM41 can be made with different size

pore openi nigéng ¢pnvientionsd epiauding techmigues ThEhawatiowd zeeliterabindeacan nay bear a
nmet al hydr ogenaki on .component ichois,at | east an -6 - GGoup VIII
netal . Pr ef%Pg%ﬁoﬁ@oérgﬁ'gﬁg/lapf’ﬁ@o(g?% iB? 51“&1 aﬁ%ﬁaygbreesf‘]@reﬂﬁ%topt , Pd or
i xt ures t hgmeektiddaPdediMhaih! RYédiar&X 3 hsh Mitd matdriad iy @dsered ltge | mpr oved
effectiveness of the present invention, but are not neant to limt the

present i nvzseliteoor melequlgr sigehcambe goolnmirag:dxReglhminationgen Peatiaimnedx anpl e
illustrate rocessing clean feeds with a hydrod xing catal yst with a
of e conlmefRRs kit it BbArE Siich 1 bt RaBbi ST Ih AR SV dhlmy 10
hydr ot r eat egleadtherto Steem tFORMRAPRITICRY B cdntftitgdhOtstaRsesktaRAtdy sl ack wax

are given in Table 1 bel ow. Pour Points were determ ned by standard ASTM
t est D5950-With Sighiuat etavdteditempgeatures rangingsiramr abopt 230U Ccle abput62far d ASTM

met hods D49a12nZ1 p%ggralﬁ)efs %hl {lbeosd%%(bb&d % XbouI%?b&IC.lThis treatment can be
accomplished in an atmosphere of substantially 100% steam or in an
atmosphere comprised of steam or ammonia and at least one other gas that is
essentially inert with respect to the zeolites. A similar treatment can be
accomplished at lower temperatures and elevated pressure, e.g., from about
180°C to about 370°C at from about 10 to about 200 atmospheres. Other
methods of dealumination involve chemical treatment with chemical agents
such as fluorosilicate salt, carboxylic acid, and adding complexing agent to the

molecular sieve crystallization mixture.



Mean Average Boiling Point (t) 421.9 C Nitrogen, wppm 1 Sul fur, wppm 80 G|
In wax, Wm.%8 [0044]The feed from Table 1 was hydrotreated using Akzo
Nobel KFo#6 20aimb3s8t under the foll owi ng hydrotreati ng eomdiseeosns400255 C,
0.7 v/v/h, 1000 psig, and 1526 scf/b (272 nB8/n8) H2. The hydrotreated
product's 370 C+ yield was 93 wt % Thehydrotreated product properties are
given in Table 2. Table 2

[0033] The molecular sieve/zeolite catalysts may also be calcined before
or after extrusion, preferably after extrusion. Calcination can be performed by
any suitable calcination technique such as the use of an oxygen-containing
environment at temperatures from about 100°C to about 500°C, preferably from
about 250°C to about 450°C for an effective amount of time. That is for a time
of about 0.5 hours to about 24 hours. The catalyst can also be reduced in the
presence of a flowing hydrogen-containing gas at a temperature from about

200°C to about 500°C.

[0034] At least one hydrogenation metal is preferably incorporated, i.e. by
deposition, onto the hydroisomerizing dewaxing catalysts in either stage before
or after, preferably after, the binder has been incorporated with the
zeolite/molecular sieve. The hydrogenation metal can be deposited by any
known means. Non-limiting examples of suitable means to incorporate the
hydrogenation metal include incipient wetness, ion exchange, mechanical
mixing of metal oxide precursor(s) with molecular sieve and binder, or a
combination thereof, with the incipient wetness technique being the preferred
method. The first and second stage hydroisomerization catalysts will preferably
both contain a metal hydrogenation component. The metal hydrogenation
component is preferably a Group VIII metal, more preferably a noble metal,
most preferably Pd, Pt or a mixture thereof. The amount of metal component is
in the range of about 0.1 to 5 wt.%, based on catalyst, preferably about 0.1 to 2
wt.%. The dewaxing catalyst in the first stage may be used in the sulfided or
unsulfided form, and is preferably in the sulfided form. Also, the ratio of
hydroisomerizing dewaxing catalysts in the first stage to the second stages

ranges from 1:10 to 10:1, preferably 1:3 to 3:1, most preferably 1:1 to 3:1.

[0035] In order to determine the refined constraint index or CI* of the
catalyst, the CI* of the bound catalyst is first measured to determine the initial
catalyst CI*. If the CI* is not in the desired range, the CI* can be adjusted by

modifying one or more parameters including the silica-alumina ratio, the



Mean Average Boiling Point (C) 416.4 C Sulfur, wppm 2 [0045] The
hydr ot r eat ed product was hydrodewaxed using a ZSM 48 based catal yst (65
W . % ZSMWB 2a0mh83B9wt . % al um na) at the foll owi ng condi PCOES2008814065 1
v/ v/ h, 1000 psig, and 3464 scf/b (617 nB1nB) of H2. The WD
2009/ 085259PCT/ US2008/ 014006 - 17 - ZS4% 48 based catal yst was bound with
alumna and loaded with 0.6 W% Pt as netal and then was ex-situ sulfided
with 400 ppm H2S in nitrogen to H2S breakt hrough. The catal yst had a
refined congdpie dftdehlaieiNatidn, the degrddr of bylcintigs wrxrdireatmcht, sheamaug ofen in
Tabl e 3 bel ow. Table 3

binder, and the zeolite/molecular sieve:binder ratio. By monitoring the effect

of modifying any given parameter on the CI*, the CI* can be adjusted to the

desired value.

[0036] The hydrotreated feedstock is then contacted in a first stage
hydroisomerization with a hydroisomerization catalyst under
hydroisomerization conditions to produce a first hydroisomerized product. It
will be understood that the terms hydroisomerization and dewaxing are used
interchangeably herein. The first stage hydroisomerized product is then
conducted to a second stage hydroisomerization in the presence of a second
hydroisomerizing dewaxing catalyst to produce a second hydroisomerized
product. Effective hydrodewaxing conditions as used herein includes
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 1
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).

Process

[0037] In a preferred embodiment, hydrotreating is performed in a
separate reactor and both the first stage and the second stage of
hydroisomerizing dewaxing is performed in separate catalyst beds in a second
single reactor. It is preferred that the hydrotreating catalyst contact the waxy
feedstock first, i.e., is placed upstream of first stage dewaxing. It is also
preferred that light gases and H,S/NHj be stripped between any one or more
reactors or reaction zones or catalyst beds. It is more preferred that light gases
and H,S and NHj; be stripped between the hydrotreating stage and the first
dewaxing stage. This preferred embodiment helps improve the performance of
the first and second stage dewaxing catalysts. However, if the amount of

H,S/NH; formed by hydrotreating is not excessive so as to unacceptably



Mean Average Boiling point 353.6 C 370 C+ Yield, wt%on feed to
Hydr odewaxer 62 370 Ct+ |Isonerate Product Properties Viscosity at 100 C
(cSt) 3. 3sovhoa1B525Pour Point ("C) -26 C Coud Point (C) PCIMS2008014006
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interfere with the performance of subsequent dewaxing catalysts, the entire
effluent from the hydrotreating stage may be sent to the first dewaxing stage
without stripping. Hydrogen may be added to the feed stream prior to entering

any reactor.

[0038] In another preferred embodiment, the hydrotreating catalyst is in a
first reactor, and the first and second stage dewaxing catalysts are in separate
second or second and third reactors. The effluent from the hydrotreating
reactor is conducted, with or without stripping, to a second reactor containing
the first dewaxing catalyst. The effluent from first dewaxing stage is then

conducted to the second dewaxing stage, preferably without interstage
stripping.

[0039] In either embodiment, the effluent from the second dewaxing stage
may be conducted to a separator wherein a gaseous phase is separated from a
liquid phase. The liQuid effluent phase is sent to a fractionator to produce the

desired lube oils having improved properties.

[0040] In some instances, it may be preferred that the liquid effluent from
the second dewaxing stage be hydrofinished prior to being sent to the
fractionator. If hydrofinishing is desired, the product resulting from dewaxing
may be hydrofinished in order to adjust product qualities to desired
specifications. Hydrofinishing is a form of mild hydrotreating directed to
saturating any lube range oleﬁns and residual aromatics as well as to removing
at least a portion of any remaining heteroatoms and color bodies. The post
dewaxing hydrofinishing is usually carried out in cascade with the dewaxing
step. Generally hydrofinishing will be carried out at temperatures from about
150 °C to 350 °C, preferably 180 °C to 250 °C. Total pressures are typically
from 2859 to 20786 kPa (about 400 to 3000 psig). Liquid hourly space velocity
is typically from 0.1 to 5 hr.”?, preferably 0.5 to 3 hr.! and hydrogen treat gas
rates of from 44.5 to 1780 m*/m> (250 to 10,000 scf/B).



Exanpl e 2 [0046] This exanple illustrates processing hydrotreated feeds with
the stacked bed of ZSM 48 based catal yst as defined in Exanple 1 above

fol | oned W 28@M82B9based catal yst (65 w. % ZSM 23 and 3BCmuUS20slomodeia) Wit h
refined constraint indexes of 1.73 and 3.95, respectively. The feed was

i dentical to the 150 N slack wax feed ysed in exanple 1 above. Further, the
feed was hydrotreated at identical conditions wth the same Akzo Nobel
1CF848 catal yst as described in exanple 1 above. [0047] The hydrotreated
product waq0041r odeHgdrdinkéHing aatdlybtsHradiose cbmdininﬁg GSMpﬂY}I 484IR3 based

catal ysts (both _as defined above) at the fqllow n |t|o 332 C, .8
v/ v/ h, 1oocGr@§pQ/HIamata@wd Feikpusey hereoddlr ﬁ%freéfm gls zst\ié%t Wesed

cot ol R e OB oSSl P oLyt v
refined consiladiufi andehéxtursshére8H ThEhsixurd of deanelx athyrasoibé preaem agiven in
Tabl e 4 bel ow. WD 20091085259PCT/ U S2008/ Q1 4006 - 18 - Tahle Mean
Aver age Boilull(ngsshprorssd metal catalysts wherein the amount of metal is 30 wit. % or

greater based on catalyst. It is preferred that the hydrofinishing catalyst be a

supported catalyst. Suitable metal oxide supports include low acidic oxides

such as silica, alumina, silica-aluminas or titania, preferably alumina. The

preferred hydrofinishing catalysts for aromatics saturation will comprise at

least one metal having relatively strong hydrogenation function on a porous

support. Typical support materials include amorphous or crystalline oxide

materials such as alumina, silica, and silica-alumina. The metal content of the

catalyst can be as high as about 20 weight percent for non-noble metals. Noble

metals are usually present in amounts no greater than about 1 wt. %. A

preferred hydrofinishing catalyst is a mesoporous material belonging to the

M418S class or family of catalysts. The M41S family of catalysts are

mesoporous materials having high silica contents whose preparation is further

described in J. Amer. Chem. Soc., 1992, 114, 10834. Examples included

MCM-41, MCM-48 and MCM-SO. Mesoporous refers to catalysts having pore

sizes from 15 to 100 Angstroms. A preferred member of this class is MCM-41

whose preparation is described in United States Patent Number 5,098,684.

MCM-41 is an inorganic, porous, non-layered phase having a hexagonal

arrangement of uniformly-sized pores. The physical structure of MCM-41 is

like a bundle of straws wherein the opening of the straws (the cell diameter of

the pores) ranges from 15 to 100 Angstroms. MCM-48 has a cubic symmetry

and is described for example is United States Patent Number 5,198,203

whereas MCM-50 has a lamellar structure. MCM-41 can be made with

different size pore openings in the mesoporous range. The mesoporous

materials may bear a metal hydrogenation component, which is at least one



370 C+ Yield, wt% on feed to Hydrodewaxer 63 370 C+ |sonerate Product
Properties Viscosity at 100 C (cSt) 3.38 VI 135 Pour Point (C) -29 C d oud
Poi nt (COwe2009882259[ 0048] At roughly constant VI and yi elpdT/ush@ssteoked bed
configuration has

-16 -

Group VIII metal. Preferred are Group VIII noble metals, most preferably Pt,

Pd or mixtures thereof.

[0042] The following examples will illustrate the improved effectiveness
of the present invention, but are not meant to limit the present invention in any

fashion.

EXAMPLES

Example 1

[0043] This example illustrates processing clean feeds with a
hydrodewaxing catalyst with a refined constraint index (CI*) of 1.73. The feed
was a 150 N slaék wax hydrotreated at 255 °C. The properties of the
hydrotreated 150 N slack wax are given in Table 1 below. Pour Points were
determined by standard ASTM test D5950-1. Sulfur and nitrogen contents
were measured by standard ASTM methods D4927 and D4629, respectively.

Table1
Mean Average Boiling Point (°C) 421.9 °C
Nitrogen, wppm 1
Sulfur, wppm 80
Oil in wax, wt.% 8

[0044] The feed from Table 1 was hydrotreated using Akzo Nobel KF848
catalyst under the following hydrotreating conditions: 255 °C, 0.7 v/v/h, 1000
psig, and 1526 scf/b (272 m’/m®) H,. The hydrotreated product's 370 °C+ yield
was 93 wt%. The hydrotreated product properties are given in Table 2.

Table 2

Mean Average Boiling Point (°C) 416.4 °C
Sulfur, wppm 2

[0045] The hydrotreated product was hydrodewaxed using a ZSM-48
based catalyst (65 wt.% ZSM-48 and 35 wt.% alumina) at the following
conditions: 331 °C, 1 v/v/h, 1000 psig, and 3464 scf/b (617 m*/m’) of H,. The



a 3 Cand 3.5 Clower pour point and cloud point, respectively, as
illustrated in Tables 3 and 4. NMR anal ysis supports this finding by
showi ng amoRid¥asprspease in term nal nethyl side chains ipaTtuseoosiol40b@asest ock
produced fromthe stacked bed configuration as conpared to ZSM 48 al one, as
shown in Table 5 bel ow. However, in spite of the increase in termna

met hyl s, pour point, and cloud point, the overall average nunber of side
chains is lower in the feedstock produced according to the invention. This
shows the iZBMesSkdded ehrabist wak Yoarid ividh aberannacndtlegdedoaith Oyswt@d®tasdi ng t o
the invention for inproving.theipour properties of a Iubriqﬁn whi | e

avoi di ng i rm¢takans them was egridasul &lﬂdeWﬁ'af}BQpaﬂth%lrh@tr@BsM% phat woul d | ead

. | . LHSR . ¢ _
ot evi v 4 SRR 1B S be Roe Regnelioihii MRERFS TR (05 on ()
[NS(B*)] 2.1Hdeodewaked e atecgipew dITasle BriwiowSM 48 Al one . 83 14.50

Table 3
Mean Average Boiling point 353.6 °C
370 °C+ Yield, wt% on feed to 62
Hydrodewaxer
370 °C+ Isomerate Product Properties
Viscosity at 100 °C (cSt) 3.36
VI 135
Pour Point (°C) -26 °C
Cloud Point (°C) -17.1 °C
Example 2

[0046] This example illustrates processing hydrotreated feeds with the
stacked bed of ZSM-48 based catalyst as defined in Example 1 above followed
by ZSM-23 based catalyst (65 wt.% ZSM-23 and 35 wt.% alumina) with
refined constraint indexes of 1.73 and 3.95, respectively. The feed was
identical to the 150 N slack wax feed used in example 1 above. Further, the
feed was hydrotreated at identical conditions with the same Akzo Nobel KF848

catalyst as described in example 1 above.

[0047] The hydrotreated product was hydrodewaxed with a 2:1 stacked
bed of ZSM-48/ZSM-23 based catalysts (both as defined above) at the
following conditions: 332 °C, .8 v/v/h, 1000 psig, and 3377 scf/b (601 m3/m3)
of H,. The ZSM-48 based catalyst's refined constraint index was 1.73. The
7ZSM-23 based catalyst was bound with alumina and loaded with 0.6 wt% Pt.
The ZSM-23 based catalyst's refined constraint index was 3.95. The

hydrodewaxed results are given in Table 4 below.



30.9 370 C+ Isonerate produced from2:1 ZSM 48/ ZSM 23 stacked bed .93
15.65 29.6 2.8 - 19 - CLAIMS 1. A tw stage process for dewaxi ng a waxy

| ube feedwbDaodv/osbiseh conprises: (a) contacting a feedstotkiszevsaifons st
dewaxi ng stage with at |east one 1D, 10-ring nol ecul ar sieve containing
catal yst having a refined constraint Jygdex of 2.0 or |ess under first

hydr oi soneri zi ng dewaxi ng conditions to produce a first dewaxed product
stream and (b) contacting said first dewaxed product streamin a second
dewaxi ng stage with at |east one 1D, TaBled ng nol ecul ar si eve containing
catal yst having a refined constraint index of greater than 2 0 under second

hydr oi songrMeandvérap@Bobikiaggaiiti t1 ons to|produce a deggxed product.
370 °C+ Yield, wt% on feed to 63
Hydrodewaxer
370 °C+ Isomerate Product Properties
Viscosity at 100 °C (cSt) 3.38
VI 135
Pour Point (°C) -29 °C
Cloud Point (°C) -20.6 °C

[0048] At roughly constant VI and yield, the stacked bed configuration has
a 3 °C and 3.5 °C lower pour point and cloud point, respectively, as illustrated
in Tables 3 and 4. NMR analysis supports this finding by showing an 11%
increase in terminal methyl side chains in the oil basestock produced from the
stacked bed configuration as compared to ZSM-48 alone, as shown in Table 5
below. However, in spite of the increase in terminal methyls, pour point, and
cloud point, the overall average number of side chains is lower in the feedstock
produced according to the invention. This shows the increased selectivity of
the second stage catalyst according to the invention for improving the pouf
properties of a lubricant while avoiding introduction of undesirable additional

side chains that would lead to a lower viscosity index.

Table 5
Terminal | Epsilon (£) | Average Average
Methyls | [mole%] carbon number of
[mole%] number side chains
[CNB*)] [NSB*)]
370 °C+ 83 14.50 30.9 2.9
Isomerate
produced
from ZSM-48
Alone
370 °C+ 93 15.65 29.6 2.8
Isomerate
produced
from 2:1
ZSM-48/
ZSM-23
stacked bed




2. The process of claiml, further conprising: contacting a feedstock
with a hydrotreating catal yst capable of converting a substanti al
anmount of sulfur in the feedstock to H2S and nitrogen to NH3, under
hydrotreati ng conditions, thereby resulting in a hydrotreated

f eedstock containing |ess sulfur than tge waxy tube feedstock, based
on the total weight of the feedstock;'&-d separating the hydrotreated
f eedst ock from hydrogen sul fi de, ammoni a and any |i ght hydrocarbons,
wherein said separated hydrotreated feedstock is contacted with the
nDIecuIargigﬁgg catalyst in said first dewaxi ng stage. 3. The process
of claim2Z in the waxy | ube feedstock contains from about 500
wppmto about 3.0 wt % sulfur. - 20 - 4. The process of claim 2,
wherein the hydrotreating catalyst is conprised (Oiginal): of at

| east one, Goup 6 netal and at |east one GGoup. 8 netal of the 1UPAC
Peri odi ¢ Fabl & B SPERBI%FSSIRY %févag(awowy lsberﬁ%ad%e@w MRS m 1,
wherein the first hydroi sonerizing dewaxi ng conditions conprise a
tenperature . : : yAS! cPa
(100 10 3000 HSPRy g & Rediiling RUERRMEE ke MIERIGH ph OISR 10
hr-1, and hydndepmitartsieeatomgasing attelysfravmgdbrefinedlcodrai/index(d2@ drdess
10000 scf/B).

under first hydroisomerizing dewaxing conditions to produce a first dewaxed product

stream; and

(b) contacting said first dewaxed product stream in a second dewaxing stage with at
least one 1D, 10-ring molecular sieve containing catalyst having a refined constraint
index of greater than 2.0 under second hydroisomerizing dewaxing conditions to

produce a dewaxed product.
2. The process of claim 1, further comprising:

contacting a feedstock with a hydrotreating catalyst capable of converting a substantial
amount of sulfur in the feedstock to H»S and nitrogen to NH3, under hydrotreating
conditions, thereby resulting in a hydrotreated feedstock containing less sulfur than the

waxy tube feedstock, based on the total weight of the feedstock; and

separating the hydrotreated feedstock from hydrogen sulfide, ammonia and any light

hydrocarbons,

wherein said separated hydrotreated feedstock is contacted with the molecular sieve

catalyst in said first dewaxing stage.

3. The process of claim 2, herein the waxy lube feedstock contains from about 500 wppm

to about 3.0 wt % sulfur.



6. The process of claiml, wherein the second hydroi soneri zi ng
dewaxi ng conditions conprise a tenperature of 250 C. to 400 C. ,
pressures of from 791 to 20786 kPa (100 to 3000 psig), liquid hourly
space velocities of from0.1 to 10 hr-1, and hydrogen treat gas rates
from45 to 1780 nB/nB8 (250 to 10000 scf{B). 7. The process of claim
1, wherein the feedstock is selected fromthe group consisting of

sl ack waxes, hydrocracker bottons and Fi scher-Tropsch waxes. 8. The
process of claim1, wherein the nolecular sieve of the first dewaxing

stage catal yst,l S, r : - LShl s il
and zent 50, gt BsEEsFELatn bR IR IRE LT, Qi (et BF
st age cat @llgest oredhbap Asndial ind at 1Bashvoneoimiup & rhetafrof glen@ibAdh Penaddad Tabld on a
The process, pf .claim9 wherein the hydrogenation nmetal is selected
fromthe Ié‘?t(?ﬁ?)x@eowgpg ing of Pt and Pd. 11. The process of claim 1,
wherein the nol ecul ar sieve of second dewaxi ng stage catal yst is

sel ected £r Oml'hgﬁro%sfé'é@cl@ﬁﬂ@,iﬁﬁérﬁﬁ 9 it sordepMireldewhioitl andifioid 35

and SAPO 11. 12. The process of claim 11 wherein the second dewaxi ng

st age cat@impsise @ daepsirgigre@i 25¢0C 50 AH0YE o pregsungsdit dpan Al to A 0W%G lalfa (100 o1
- 13. Th r i el nagengat i
sel ect ed TOBHERaRf i) AT HOREE LD AN A 19T Bt o s

claimil, fersitnlidleminl’ &50/tal0&ioeesBpf the first dewaxi ng stage
catal yst is conprised of ZSM 48, the nol ecul ar sieve of the second

dewaxi ng stage is conprised of ZSM 23, and said first and second.
stage cat@l yst8e psgesigt alﬁlné#f‘?éléftr?lvéheaﬁ’?ﬁ‘tﬂﬁ’ﬁ’yéfm@%%&@wa{“% RonAations

sel ected {JHRAst BerPPHBret?n8OSE | 19200 C Phredifles dPdrom 79 1o DOSSPKRGEHS toPf
claim1l1, wherein the dewaxed product fromthe secaond dewaxi ng stage

i s treat ed)ORipsig).digniddrantlyspassivalgcitias of frem Ounigdl0 Hy danttiydioghi irgat gas rates
condi tion c] I @B-"ﬁj 15 wherein said hydrofinishing

cat al yst ﬁ‘%mc‘%r?%rl?@g‘a% E%t%%?ggos@ 6hé’ netal sel ected from G oup VI or
Goup VIII on a netal oxide support.

7. The process of claim 1, wherein the feedstock is selected from the group consisting of

slack waxes, hydrocracker bottoms and Fischer-Tropsch waxes.

8. The process of claim 1, wherein the molecular sieve of the first dewaxing stage

catalyst is selected from the group consisting of ZSM-48, EU-11 and ZBM-30.

9. The process of claim 8 wherein the first dewaxing stage catalyst contains 0.1 to 5 wt %

of a hydrogenation metal.

10.  The process of claim 9 wherein the hydrogenation metal is selected from the group

consisting of Pt and Pd.

11.  The process of claim 1, wherein the molecular sieve of second dewaxing stage catalyst

is selected from the group consisting of ZSM-48, ZSM-22, ZSM-23, ZSM-35 and SAPO-11.

12.  The process of claim 11 wherein the second dewaxing stage catalyst contains 0 1 to 5

wt % of a hydrogenation metal.



17. The process of claim1 wherein at |east one of the nmetals of the
hydrof i ni shing catalyst is selected fromPt and Pd. 18. The process
of claim15, wherein the hydrofinishing catalyst selected fromthe
group consisting of MCM 41, MCM 48, and MCM 50. 19. The process of
claiml wherein the refined constraint jndex for said second dewaxi ng
stage catalyst is at least 2.5. 20. process of claim19 wherein
the refined constraint index for said second dewaxi ng stage catal yst
is at least 3.0.

13.  The process of claim 12 wherein the hydrogenation metal is selected from the group

consisting of Pt and Pd.

14.  The process of claim 1, wherein the molecular sieve of the first dewaxing stage
catalyst is comprised of ZSM-48, the molecular sieve of the second dewaxing stage is
comprised of ZSM-23, and said first and second stage catalysts having an effective amount

of a hydrogenation metal selected from the group consisting of Pt and. Pd.

15.  The process of claim 1, wherein the dewaxed product from the second dewaxing stage

is treated with a hydrofinishing catalyst under hydrofinishing conditions.

16.  The process of claim 15 wherein said hydrofinishing catalyst is comprised of at least

one metal selected from Group VI or Group VIII on a metal oxide support.

17.  The process of claim 1 wherein at least one of the metals of the hydrofinishing catalyst

is selected from Pt and Pd.

18.  The process of claim 15, wherein the hydrofinishing catalyst selected from the group
consisting of MCM-41, MCM-48, and MCM-50.

19.  The process of claim 1 wherein the refined constraint index for said second dewaxing

stage catalyst is at least 2.5.

20.  The process of claim 19 wherein the refined constraint index for said second dewaxing

stage catalyst is at least 3.0.





