PROCESS FOR PREPARI NG LUBE BASESTOCKS HAVI NG SUPERI OR
LOW TEMPERATURE PROPERTI ES AT HI GH VI FIELD OF THE
WO DMBERE28N [ 0001] This invention relates to a PCDUSNSS8/014006
for preparing basestocks having superior |ow
tenperature properties at high viscosity index (V).
More particularly, a waxy feedstock is contacted with
a first dewaxi ng catal yst having a refined constraint
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second dewaxi ng catal yst having a refined constraint
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[ 0002] Waxy feedstocks may be used to prepare

[FAEERtOF KHIMANVENEOJON gh VI. However, in order to
obtai n a basestock having | ow tenperature properties
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properties. [0003] Catalytic dewaxing may be :
suitahie forthe interdedpseatt 3 Yysally meegsspyi taralevay thowaxy by
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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



that primarily isonerize waxes to nore highly branched
products. Catal ysts that dewax by cracking decrease
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yield of lower boiling distillates. Catal ysts that
i sonmerize do not normally result in significant
boi I i ng point conversion. [0004] Catal ytic dewaxi ng
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contai ning catalyst having a refined constraint index

¥ OF A4IE INHEIN second hydr oi soneri zi ng
dewaxi ng conditions to produce a dewaxed product. -
[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



[0008] In another enbodi ment, the invention provides a

process for dewaxi ng a waxy | ube feedstock contai ni ng
wQ@r@ang2se han about 3 wt. % sul fur. The processPCTUB200€614006

contacting the feedstock with a hydrotreating

cat al yst capabl e of converting.a substantial anount of

the sulfur in the feedstock to H2S and nitrogen to

NH3, under hydrotreating conditions, thereby resulting

capablhyficaiveritgeal sitsensiabakommndfahe sulfurl ieske fdcdstoalbmJst

3w, %sulfur and_| ess,  t han, about, 0.2 nltro
9&% BHirqgzenite, @Ha@paﬂervt&idgmeaémg@ﬁadﬁ@a&stﬁ%féﬁy “ﬁ\’éﬂ Eima

BYERSE0 S RS SRl U Rt e My e
abearoae ed. e nilfaiehebised ohakel sitslokeight dfthe fealstankt dthe
with at | east one ID, 10-ring zeqlite containing

| batlraxtrygtedifamswkds i separoisshisemdnidroasnduitids, aptiponis and

57 BebEfiRioticbft, ML ReIAR A B A Tk R heh cBifcted
dﬁmﬂéhsp oaeluD; lelrfr%amoh& donesiningruacatyse iawinigha afinké ast

one | D, 10- rlﬂrlg nol ecul ar sieve_ contail ning, catal yst
Remstraintandes 9ind @ oF dess undemirst Aydreisomegizing dswaniag 2. 0

SPATlioBTE Basieh Pl ST ke BReF BB R B RPBE
PRtk AntdB6Eh U&M&e@«bﬂﬂi@tﬂ%s& 0809D, @f)&lﬂ”@mﬁlﬂbulﬁ sieve
Identifying desirable [ubricant mol ecul es i s

gontaining paselyst havdng arefifned) qonat.ralm index 98 gff‘@&@(éharafl 0 under

LAl aghAS Lt Rl bR Bhabbd broduet
'deS|rabH§ Rubrl?an% wglecuifﬁmould be ahﬁilnarlli

havi ng roughly 3 nethyl side chains. [0010] In
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30 carbons and having roughly 3 methyl side chains.

[0010] In addition to the overall molecule size, the number of branches in
the molecule is also important for lubricant properties. In order to have a
desirable viscosity index (VI), it is desirable to minimize the number of overall
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.



branches in I ong chain portions of nolecule, such as

| ong unbranched end chai ns. Proper bal anci ng of these
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conbi nation of properties.[0011] This invention

provi des a way of increasingjihe nunber of desirable

| ubri cant nol ecul es produced froma feedstock. The

i nvention enploys a two step hydroi soneri zation
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strai ght chain end segnents. Based on the sinple nodel
geare thapeybranch points decreases with each additional branch.

[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



above, this type of hydroi sonerization step will have
a reduced |ikelihood of adding further branches in
worpioensd2es t hat are al ready heavily branched, BCMUS2008/014006
correspondi ng i ncreased |ikelihood of adding branches
to nol ecul es that have 3 orsf.ewer branches. As a
result, this second hydroi sonerization step shoul d
sel ectively isonerize nolecules with few branches,
peiag iwhdletrainimitioy addifionalibeanchinghiat wonldprimarilyglead to a
addi ti onal branching that would primarily lead to a
reduetian BnVin VI, [0014] The benefits of the invention
are relative based on the starting feedstock used.
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i fromboth mneral and synthetic sources. The
wax content of the feedstock is at |east about 1w. %
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spectroscopy (ASTM D5292), 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



hydr ocracker bottons, slack waxes and Fi scher-Tropsch
waxes. Hydrocracker bottons are typically a 700F+
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gas oil feed. This type of product often is referred
to as an unconverted fractiog. Slack waxes are
typically derived from hydrocarbon feeds by sol vent or
propane dewaxi ng. Since slack waxes typically contain
shick waes.dlisdhepiTiropdchywaxes arestypidajly dgnthetd wakeoprepareddy
are_derived from deoj | edsl ack waxes. Fischer-Tropsch
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phases. Typical solvents for solvent extraction
ientractad Theagsidue fipm yacHumy digtiNetien may be deasphalted. The

solvent extraction process selectively dissolves the aromatic components in an
extract phase while leaving the more paraffinic components in a raffinate
phase. Naphthenes are distributed between the extract and raffinate phases.
Typical solvents for solvent extraction include phenol, furfural and N-methyl
pyrrolidone. One can control the degree of separation between the extract and
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



pyrrolidone. One can control the degree of separation
bet ween the extract and raffinate phases by
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tenperature and nmethod of contacting distillate to be
extracted wth solvent. Hvdrptreating [0019] Waxy
feedst ocks typically contain sulfur and/or nitrogen
contami nants in an anmount unacceptable for |ube oils.
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ivet%alor igeeatd, asedhonrcagdlpstt er, based on catal yst. [0020]
Non-limting exanpl es of suitable netal oxide supports
i[pgd0jde SNbhdimitiag exhmples Dflshible merlvxidd suppoita irlude
m xtures thereof. Preferred is alumna. Preferred
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e.g., by controlling the amount of silica incorporated
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Pronot ers such as hal ogens generally increase .
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



the acidity of netal oxide supports while mldly basic
dopants such as yttria or magnesia tend to decrease
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such as strippers, knock-out drums and the like. In the alternative, if the
hydrotreated effluent from the hydrotreater contains amounts of contaminants
that will not interfere with the subsequent dewaxing stages, the entire gaseous
and liquid effluent from the hydrotreater may be sent to the first dewaxing

stage.

[0024] The hydrotreating reaction stage can be comprised of one or more
fixed bed reactors or reaction zones within a single reactor each of which can
comprise one or more catalyst beds of the same, or different, hydrotreating
catalyst. Although other types of catalyst beds can be used, fixed beds are
preferred. Such other types of catalyst beds suitable for use herein include

fluidized beds, ebullating beds, slurry beds, and moving beds. Interstage



such as strippers, knock-out druns and the like. In

the alternative, if the hydrotreated effluent fromthe
whyawoseat er contai ns anounts of contam nant SPCTYEB2008/014006

will not interfere with the subsequent dewaxi ng

stages, the entire gaseous .apnd liquid effluent from

the hydrotreater nay be sent to the first dewaxing

stage. [0024] The hydrotreating reaction stage can be
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to 6500F (343C) m nus products to produce a
ligeRe)t r earledddvescing oatilysidenfake popck0dthe prescnicinseition are
catal ysts of the process of the present inv ntign are
unidimgpsienal {4P) d P mingmmolechigr Sigh AN ysts having

L33 e P oy i
diissassed el aireview iaVAROLITE ¥, 5OL 4] Bprilypdges 98- s (1984) and is

ages 98-105 (1984) and is
%egcribed 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



descri bed by P. A Jacobs and J. A Martens, Pure &
Applied Chem, 1986, 58, 1329 both of which are

w0 p@ong2sat ed herein in their entirety. [0027]P&rUsi00$014006
the CI* is based on the isonerization of n-decane at
5% conversion. The Cl* is ddgii-ned as the ratio of
2-nmet hyl nonane to 5- nethyl nonane and constitutes an
alternative nethod of discrimnating between different
fgaoinkirg ©f die tpansition statesiraliffereaceseinahé diffusiddomfithe mono-

atalysts wl| preferentially igsonerize a nolecul e at
E’ﬁ@cbﬁéo ng If’é”?rﬁli‘ee%cdﬂ?é‘rte %%ﬁ?ﬁﬁ?ﬁg&‘é- types of
catalysts will preferentially produce 2-nethyl nonane.
[0028] cat Bheretase wid Hevaning astagesiav the preseni priotgss. The first
preference for the end of the chain, and wil] _inste
FHRsa TS 9 deuawie ARlYY yingreCH g epeiigh Abet i.\i preteraly

C ohai . Livi .  onal
23} GG laAhD secR g ol deflaogqd S R HOE D208
igkeuta thaw D.0s pedferabhnatriedst ebouttth® The*uppiet limoof CEf ofabe
differences, in diffusional effects on the ingoing feed
sesand tage will e abawidP. differences in size andgeonetry
of the transition state or differences in the
§0029)si onWiiletroe wisting tabe heuhdbe nyparticolar theergdt
site to a nmetal cluster. [0028] There are twp dewnaxi ngate

deligrad that thadirghstagerlevingecatalystpromotestfogpation phisome
SRRSO LRI o o iy 4BEE MRt

dewaxingtataytlpysinotes viongerateGrandiingatetht endd ofthe Dafhffin
preferably at |east about 2.5 The upper limt of Cl*
ghaipp Thys s gombiratiop; af| firglanghsgend sfage dewaingwatalystot

A l. .
L7400t o PR AkoBY RAFBAEH Sl AR o iy
AlcFDESs fmproeed branchingsdisteibatien kysahs rekibs oife haeing
random y across a paraffin chain, while the second
dnpEeeddopmgeraiirg IPjerReritont es i sonerat e branchi ng
at the ends of the paraffin chain. Thus, the
qood0]nat i The fitst biaps deavasingaatubybt 3§ ageolite ventaingng catalyst,
cat al yst.si gi ves i nproved isonerate bran

ite

he
avhiel Pealite bas ®¢d lesnéhan about doagreterably ff_glto? Jesein dhepgplite
'hitggl[fgsvgggo RNAREhBE: Ahohad BittlRohsiGRE LStk WoREinftihg

examples of preferred zeolites for use in the first dewaxing stage of the present

invention include ZSM-48 and zeolites isostructural therewith including EU-2,
EU-11, and ZBM-30. Examples of bound ZSM-48 catalysts with a CI* of less

than about 2.0 are provided below.

[0031] The second stage dewaxing catalyst is a molecular sieve containing
catalyst, wherein the molecular sieve has a CI* of greater than 2.0, preferably
at least about 2.5. The molecular sieve 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



i nproved | ow tenperature properties. [0030] The first
st age dewaxi ng catalyst is a zeolite containing
wa@e 2100059 which zeolite has a Cl* | ess than aPOUUSR$014006
preferably 2.0 or less. The zeolite itself is also a
10 nenber ring and unidi mengijanal zeolite.
Non-limting exanples of preferred zeolites for use in
the first dewaxi ng stage of the present invention
iseconddeagé dewhirg chtalgst iRoe examphe thecfinst sthgd batakysi ¢am
including EU-2, EU-1 1, and ZBM 30. Exanpl es of, bound
zamaiga gealife that is G Mrd8 ogisostgactygal yl@%&%wh@ €are
[ I [ . i ng
e aaIPE G e P, SERABAISAARR SN T2,

wherein the nol ecul ar sieve has a Cl * of greater thanp
40032 pr ot Ehaspreparation of he Hugband second siage atabistn igdescribed

sd% ?XIFO\L%r 2#13 %e(}lgc %1%1? %&P&llmlé’&%‘iﬁ% 9({@1{@5‘%@& gét’%[ysts to be

S| eve. erre ecul ar sieves 1 ncC

4504 irhe fipdttand SecotfdMtddes abd\Bsmpositedndith biziders. Non-limiting
correspondi ng isostructural nolecul ar sieves,

iexamples o binderssmitablecior uge hegeintipcludejalningaAitania, zirconia,

farrierit ne N . akrefer Yok e f .

ol s> oo s o R aRlti b 39, PP Bconic
tsiiRaaB6n4l sﬂio@@tﬁar?ﬁb&,asﬂiﬁﬂ-ti@a’iﬁ@|a)iatclay{§ﬁﬁc1&di@gw1@s fedif the
first stage catal yst can contain a zeolite that is

remtmgripenite ard kalin families. ( Mixteras a4 suglh bindexsaay alse g

cat al st .can _bhe.ZSM 23,,.0 ther | : | .
J3eF 136 cRg0maT o aateh i ol ARG ol S e S & Ghemical
9esdfichtfind JheGRbEteYAidShihderdiSE bé BRdled3ogethdrait®. extinded
zeolite and nol ecul ar sieves used to prepare the

siaing| opaventionabextrusing feshniques.i T3 ratie of zeaditeitasbiagdescan

are ¢ osi t it h binders.Non-limting,exanpl f
S RERSBPRCE Bt SO SBTIEE, T el B IRLER o
tcbhvetitidnaFddafifiindtios prdceaurey] URShighGilidi Mgtefibl isRsired the
silica-alumna, silica-mgnesia, silica-zirconia )
geolite or majequdar si¢vel esa-scdepluminated; Deglumingtion gan he gttained

Py HERORRATLE R i O b BRI RRI IebHibd 81 P8 stoem
Ye8fnent Stefharatiem ib@ffké@aby@ohwcﬁagrﬁimul 6t exbridates
treatnment or chem cal nodification. he zeolite and

byithiseamnay elowatad t¢reperabiges tangingfiom abewidd°C to about 650°C,
and preferably from about 400°C to about 550°C. This 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.



usi ng conventional extruding techniques. The ratio of
zeolite to binder can range from about 95:5 to about
W@0090852Fhe extrudate nay be subjected to convROl/US2088/014006
deal um nation procedures. If a high silica material is
desired the zeolite or nol eqgl-ar sieve can be
deal um nat ed. Deal um nati on can be attai ned by nethods
known in the art, such as for exanple acid |eaching or
p§033] st edlhd mekicuian sievSizealite tcambystemiay iatsodfef eadtined bgfore
contacting the catal yst extrudates with steam at
er afien edrusiam preferabbisafics g tHOR Salcipian cgfprmed by
AR Shindt) tenlin PR R M 4 BEARBan 80PN Loy

shvipsineitat efmperhtikenfroml dbputl LIPCsd @aboutoF00°C, preferably from
at nosphere conprised of steam or ammonia ang_at,k | east.

aheut A0 tgyabouta0°¢ foransefictiye pinounket tigger H habisfer g time

LR SR 7Py N PR Pl 0 ey n e
?fé%&ﬁw 6f a lo@ing Rydeog@abootitaihff@fastan aabraperafit® Gonatbout
rom about 10 to about 200 atnospheres. O her nethods
8P0Uetd ahauhaP96n i nvol ve chenical treatment with

chem cal agents such as fluorosilicate salt,

Fe03Mxy| i At RasthnediydrGgtitation G liepiefigrablyantorporatdd; i.e. by
nmol ecul ar sieve crystallization m xture.[0033] The
depesition onte hedyydsdisemeriziag deyaxing ralal s in ¢jthcs slage hefpre
bef are or. atter. extrysion, e . rusi on.
88 pBES aRGtaRbbAA s s 80 haf bR PR b B bt

¢ablete/indleilal SI6VE)  Thiethydrsdenason firtdl $en bé daposited by any
oxygen-cont ai ni ng environnent at tenperatures from

&nown meooNow-lupising esamplss of saitahla preans fincamerate the

50C tg.ab 4500C fqr . t.i t
Fdrogebtig gl s mSlpidfR R ot xRS, metuh
REMinE: of ThétaFatidk YedcusdR(sfwith sleceldt siede and biiker, or a
presence of a flow ng hydrogen-containing gas at

a
cembénasionitkereob witthbgtincipmotwetneapisghnigoo being|the prgferngd

!n%gﬁ&b mtfgfgf’jarl}o_ Sge_%%lt&. gtggggtg?{ogggﬁlé%iggflgﬁ ??tleeﬁ@lsts will preferably
BB EH QIrAHR hétaD By dlovenition oaipdn¥st SThe'meial hgdrogtraivn

before or after, preferablﬁ after, the binder has been
icnmpopentds prefosably a Geoup 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



zeol i te/ nol ecul ar sieve. The hydrogenati on netal can

be deposited by any known neans. Non-limting exanples
woRoss2abl e means to incorporate the hydrogene€T/082008/014006

nmetal include incipient wetness, ion exchange,

mechani cal m xi ng of netal _qxi.de precursor(s) with

nol ecul ar sieve and binder, or a conbination thereof,

with the incipient wetness technique being the

[degifce of dealuriifaibn, tHeaddgr¢esé catudningesteam steatnent, the nature of

hydr oi soneri zation catal ysts will preferably bot
dinsleni mdéhmcdlte/ﬁ}ﬁd?%@rﬁé@‘fe@mnéﬁfﬁﬁgﬁeﬁb’.m‘T‘Hgorh‘ﬁ effect

' . i fr abl At : lto th
SIS i PP ARRRer o B Tr7 B O+ 2alrbE Al o the
Rdsirdd vadiic.a M xture thereof. The amount of netal
conponent is in the range of about 0.1 to 5 w.%

on tal - %e. The
S5, ng TR B Shrend FredS @Rl Mg bnfloddifa Tttt
ﬂl?ﬂrcﬁwnﬁérfhado@ fwiths i driothotherieation eatdlyssurmdeef er ably in
the sulfided form Also, the ratio_of hydroisaoneri zi n?t

derdeoisomeerization genditipps tprodpeess fisyt fydraispmerized qradyst.

st.ages. r.ange ro ] Q: -,igfnr :
M ‘]} C&B‘SFYSS%‘%%%@F ye‘?lf%lﬁyt%é&g(:”%.er' ook 5_“@‘@%%&% 5’?’61 sed
GRteRhahgablykereh i TIROLONEEE BY drbisonrteized prédutt Bfthéme

catal yst, the Cl* of the bound cat al é;t Is first
wenduateditor psegend stae dydraisamgrizatipn imhel presencg of a secande

* 1.s not .in.the .desired. ran * . .
TPt gt Py e selaRet K PRBbe Dlothd b Rmerized,
tph6duch. EffectiN My diadéwdifg coMBHesy feusell hdmsih irsludwsi on,
the degree of calcining, steamtreatnent, the nature

démpenatiises, offnem(258 °Eelel 4008 Crbrafenablyr 2% Ky to Brthderpressures

o tic 7Y 0 46k obyd 369 B Brg APy YAROLP AL
de60 (£25009s10, 1ifRIRuriThpaby wiletitieabetome®dss Q0 hr s

then contacted in a first stage hydroisonerization
wireflerablhQ.d toisduimandhydregendeaah gysstatasfgemn 45 to 1780 m™/m

[ ri i on.candioti.onRg~t &, Dk s
Rég(ﬁg}i rslci/gé’ Rf?ge&%?'.s %P %%Olnil / @e?%t r@tooosafym'at
the terns hydroi sonerization and dewaxi ng are used
ilrbegss hangeabl y herein. The first stage
hydr oi someri zed product is then

[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



conducted to a second stage hydroi sonerization in the
presence of a second hydroi soneri zi ng dewaxi ng
W@ 210al0269 t 0 produce a second hydroi soneri zed PeDUSD8/014006

Ef f ecti ve hydrodewaxi ng conditions as used herein

i ncl udes tenperatures of frqm-250 0C to 400 OC,
preferably 275 0C to 350 0C, pressures of from791 to
20786 kPa (100 to 3000 psig), preferably 1480 to 17338
kRerfé200ith theEdfbrpmngg of $ubgequinh dewhying patady st thecértire s

f from0.1 to 10 hr. preferably 0.1 tg 5 hr 1 and
R0t i the o cepizeafinB e i Dissanb 1 b (%6 6285

S0 26l 8 et 133y R BB B

bygreictaating is perforned in a separate reactor and
both the first stage and the second stage of

i songr zi j hS; f ' fo i
USSR, o TR el ST BehooinR e Ryt S4@hAcis in a
firstfresdted ahd die filseamd skcohd stage dgwaring| catalystoartedn tsepdrate
waxy feedstock first, i.e., is _placed upstream of,
seqond ogsgepndpangthird geagters; §[h5|e§ﬁuw3r%? BthX‘ﬁﬁ?e"}tl"éht
FRRET 1 RN SHRAIRESh 153080 AR PEo R
B firspdehexing datahat. Thebfflgas fonafirst H2Gaxing stdgs idhthen
stripped between the hydrotreati ng stage and the first
gengugterhtothe gecontiewvaxing gage arefpid w&tﬁf’uw@r%gage
i&‘vpeg)%ye t he performance of the first and second stage
§é xﬁig catal ysts. However, if the anount of H2S/ NH3
formed by hydrotreating is n

] t excessive SO to.
(90394 e pt olm €jthet empadignegts the F%&ueﬁé ?IPH% W&r?@%o“&f dewaxing stage

[ I S, ik e £ i
P s ST B ykokin o R ER ek CisreppldR rom o
%gﬂﬂigﬁﬂ@e.s Thg tiquid éfflubntsshias@ 5 segt toy fractimmatorey pbeduce the
added to the feed streamprior. to entering any
desicadolube pilo Baying imprRitedaropstit®r r ed enbodi ment, the
hydrotreating catalyst is in a first reactor, and the
0040] andinsaenidsahegeitdrapbé pefaaddihasthe lauid effluent from
separate second or second and third reactors, The
g segend devaxing stage\hgrhydrefinipheg 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).



reactor is conducted, with or without stripping, to a

second reactor containing the first dewaxi ng catal yst.
wab@oesf2buent fromfirst dewaxing stage i s thePCT/US2008/014006

conducted to the second dewaxi ng stage, preferably

wi t hout interstage strippings-[0039] In either

enbodi nent, the effluent fromthe second dewaxi ng

stage may be conducted to a separator wherein a

(esHdus Mpdrefinishivgpentalysd afer thosecdritajning GroapeV] etls,

liquid effluent phase is sent to a fractionator to
Grewr Vdllimetalgeand mixtmigsdhererk Preferisg matpls Rfdele at least one

. . et . _
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tenmperatures from about 150 0C to 350 0OC, preferably
seppaC Typiczb enpport matesialsinelyde pmorphausioy srysiallige pxigs

2859.t0 20786 .kP t .t o .3 [ L QUi
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function, espeCially platinum palladiumand nm xtures
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catal yst be a
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



supported catal yst. Suitable nmetal oxide supports
i nclude | ow acidi c oxides such as silica, alumna,

W@ 200008528 umi nas or titania, preferably al um neCT/UR®08/014006
preferred hydrofinishing catal ysts for aromatics
saturation wll conprise at jkeast one netal having
relatively strong hydrogenati on function on a porous
support. Typical support nmaterials include anorphous
@rogp ¥3llahetah Prefetrdd anmGesupaVHI aoble metal| mostpreferably Pt,
silica, and silica-alum na. The netal content of the
@ét%l‘?@furé%ﬂleffé) as high as about 20 wei ght percent for
non-nobl e nmetals. Noble netals are usually present in
Elmt s rMhgfotivhdng tkanplebodll illustdate Gfe itppowidesffeedveness

¥drof| ni shing catalyst is a nesqgporous nateri al
9& fhsrRIEsERt inyenHen\put are nefdaeant tq hmli t?«le dresegt wvgatiqn in any
£k (Mﬁlls famly of catal ysts are nesoporous naterials
haV|ng high silica contents whose preparation is
further described in J. Arer. Chem Soc, 1992, 114,
PEESnpl es incl uded MCM 41, MCM 48 and MCM 50.
Mesoporous refers to catal ysts having pore sizes from
ExatplelDO Angstroms. A preferred nember of this class
Is MCM 41 whose preparation is described in United
s P r{\é@ﬁ:
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5,198, 203 whereas MCM 50 has a | anel|lar structure

M eaguiad by standard ASIEM memgdé AT 28dJ402% pRsRESHily-
in the nesoporous range. The nesoporous materials may

bear a nmetal hydrogenati omabdéponent, which is at

| east oneGoup VIII netal. Preferred are G oup VIl
noble nmetals post nr pfﬁr_avl v Bt Pd_or m xtures
t hdMesm AyqrageBoiing PoHt(Soli njg exanpl 421.9°€1 | | ustlrat e
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[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



fashi on. EXAMPLES Exanple 1 [0043] This exanple
illustrates processing clean feeds with a

why@postedmxi ng catal yst with a refined constr aP@r/Us20d&€814006
(A*) of 1.73. The feed was a 150 N sl ack wax
hydrotreated at 255 0OC. Thejproperties of the
hydrotreated 150 N slack wax are given in Table 1
bel ow. Pour Points were determ ned by standard ASTM
7SM-4BDTAEEY datal$iy Waw baund with ah@eina and ieaded witr @.6 wt% Pt as
measured by standard ASTM nmet hods D4927 and D462

metal and thest yas gxrpite sqlﬁ[deém]h 46{-ppradStingiragem 1@ HaSyas
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h9Bddpwaged RBaltsLA2Giea ihTdbly 2 bewiB) H2. The
hydrotreated product's 370 OC+ yield was 93 wt % The
hydrotreated product propefjjes are given in Table 2.
Tabl e 2 [0045] The hydrotr‘e‘a‘t‘ed product was
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Nilt ¢ ogen to H2S hr pnl(f hrough. | The catal yst I &ﬁj_a I
Penr Reiat €G)st raint i ndex of 1| 73. The hydr28S&hxed

Cdend Peinti’€) gi ven in Table 3 pel ow. Tabl e-B.EX@Gnple 2

0046] This exanple illustrates processing
%@ﬂﬂéﬁéeat ed feeds with the stacked bed of ZSM 48
based catal yst as defined in Exanple 1 above foll owed
PBOABPM 23T his sramplatilbstettes Bcessing BT Eted teds with. the
Hafed'6da 8t 28M
stacked beéd o -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.



refined constraint indexes of 1.73 and 3. 95,
respectively. The feed was identical to the 150 N

W@ b@oksizax feed used in exanple 1 above. Furt hRe€T/US1068/014006
feed was hydrotreated at identical conditions with the
same Akzo Nobel KF 84 8 catgRyst as described in
exanpl e 1 above. [0047] The hydrotreated product was
hydrodewaxed with a 2:1 stacked bed of ZSM 48/ ZSM 23
based catal ysts (both as JEdhlaéd above) at the
followng conditions: 332 C, .8 v/v/h, 1000 psig, and

Wechh Avkhde B@lAg ponbB) of H 2. | The ZSM 48 t@evets
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feedstock In a first dewaxing stage with at .
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




| east one I D, 10-ring nol ecul ar sieve containing
catal yst having a refined constraint index of 2.0 or
wo e@9/082der first hydroi sonerizi ng dewaxi ng coPdi/UB2908014006

to produce a first dewaxed product stream and (b)
contacting said first dewaxqd _-product streamin a

second dewaxi ng stage with at least one ID, 10-ring

nol ecul ar sieve containing catal yst having a refined
CInsIMS{j nt i ndex of greater than 2.0 under second

hydr oi sonmeri zi ng dewaxi ng conditions to produce a

dewaxed pf odULt, siZoe ArdREQBH GetyRKing WAL IGLE ARRY0ck Whfich
? an osul fur,

f eedst ock ‘contal ning greater bout "3 Wt .
wbimphisgy:ocess which conprises: (a) contacting a
feedstock with a hydrotreating catal yst capabl e of

converting su [ 8H® . £ Ul .
f eedst ock t )m@gﬁég&gﬁ%ogeﬁmﬁ lg%?aﬁﬁg%l?g stage wiftPat
Eydr otreating cleastionedis,]10tting moyedquéasidvierngntainiag catalyst
ydrotreated feedstock containing | ess than about 3

W . % sul fur andh3vaaga refinedAepsiraint mdgx od ) ?rﬁsﬁselmder first

based onthetolgai ' - af : &8,&] ;

separating the 5?%?#’%5%‘3% (%eg{eégg{ggc ?t?%tﬂég%%uggr? first
sul fide, anmoni gewaxddprydict gltearhyatidocar bons; (c)
contacting said separated hydrotreated feedstock in a

first dewaxi i edst oc!
z Ie{)IS it ee\(l:vg)rik@? n‘?i"g&?%‘ as%{,hsﬁltsﬁ g%‘?%edgﬂrggl:h? nSfé%erlh %econd

constraint i ndedevadxidg Sage wéthsat ledeond 1Ds10-ring molecular
hydr oi sonmeri zi ng dewaxi ng conditions to produce a |,
first dewaxed py!8Yfuctoniainiageatalysy havingadsfined roppiinty

(1L Sevexed PRYGE AR 10 SeBEE QR Yt e

dewaxing conditions to produce a dewaxed product.

2. A process for dewaxing a waxy lube feedstock containing

greater than about 3 wt.% sulfur, which process which comprises:

(a) contacting a feedstock with a hydrotreating catalyst
capable of converting a substantial amount of the sulfur in
the feedstock to H,S and nitrogen to NH;, under
hydrotreating conditions, thereby resulting in a
hydrotreated feedstock containing less than about 3 wt.%
sulfur and less than about 0.2 wt.% nitrogen, based on the
total weight of the feedstock;

(b) separating the hydrotreated feedstock from hydrogen

sulfide, ammonia and any light hydrocarbons;

(c) contacting said separated hydrotreated feedstock in a first
dewaxing stage with at least one 1D, 10-ring zeolite

containing catalyst having a refined constraint index of 2.0



sieve containing catal yst having a refined constraint
i ndex of greater than 2.0 under second
Whawoseemeri zi ng dewaxi ng conditi ons to produR€I/ES2008/014006
dewaxed product. 3. A process for dewaxing a waxy | ube
f eedst ock cont ai ni ng great epothan about 500 wppm
sul fur, which process which conprises: (a) contacting
a feedstock with a hydrotreating catal yst capabl e of
converting a sudrdesnuhdér faﬂnhyttroisﬁnneﬁeir@ﬂemp{ingwcqmbtions

feedstock to H2S an ni t to ﬁgjer .

hydr ot reati ng ctSrRIP “(S’r?s“ @bﬁd\ll?rg% tistream; And,
hydrotreat ed feedstock cont al ning | ess sul fur than the
waxy | ube f@d%mﬁctlngaaﬂﬁﬁmndd:\haddqnadumtrgmn infa sebend

f eedst ock; (b) iﬂparatlng th&l idrotreﬁbe feedstloc
from hydrogen sYAaxiRg SaBF DAt deast ARE jfing molecular
hydr ocar bons; ( §§% 88d traint ind
hydr ot r eat ed fesg%j‘éef%gﬁwg;& Fa?%%a l|%ng stc g%sera\}\? tlﬂ ox
at | east one | bf gr@ater ign2c®iinder semrtdahydmigomtiaingst
having a refined constraint index of or l.ess under

first hydroi sond§Waxingcopdiiansig re etq xed mediftce

a first dewaxed product stream and (d) contacting
said firs3. deprses for deiwa:;tmghmyn lube feeslswok don@iring ng
stage with at | east one 10-ring nol.ecul ar sieve

etitham %t5999’§tp%§‘&llfwg whigheprogess WRE CPRPRSCY ndex
of greater than 2.0 under second hydroi soneri zi ng
dewaxi ng co(a)i t éomacting apfeedstoek witt avieypdectrgatingcatalyist
The process of any,  of the above sg'gal ns,, wherein the .
first hydroi soneaPableRf copYeingg FF&N‘?I&%O%HEF}}%%I@I n

tenperature of SHHoASHQ furlgepm 791

to 20786 kPa (1 gq%%&%ég S%gd rfifrGgcH °hou?|“y
hydrotreating COIldlthl‘lS, thereby resulting in a
hydrotreated feedstock containing less sulfur than the
waxy lube feedstock, based on the total weight of the

feedstock;

(b) separating the hydrotreated feedstock from hydrogen

sulfide, ammonia and any light hydrocarbons;

(c) contacting said separated hydrotreated feedstock in a first
dewaxing stage with at least one 1D, 10-ring zeolite
containing catalyst having a refined constraint index of 2.0
or less under first hydroisomerizing dewaxing conditions

to produce a first dewaxed product stream; and

(d) 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.



space velocities of fromO0.1 to 10 hr , and hydrogen
treat gas rates from45 to 1780 nB/nB8 (250 to 10000
W@ eG0pB3325%6. The process of any of the above clBECTES2008/014006

wherein the second hydroi somerizi ng dewaxi ng

conditions conprise a tenpepature of 250 0C to 400 0C5

pressures of from 791 to 20786 kPa (100 to 3000 psigQ),

l'iquid hourly space velocities of fromO0.1 to 10 hr ~I

, and hydt.oGae proceas ofiasy ofithe abdveciniis, twhetdifi@herBistS

250 to 10000 scf/B). 6. The progess of any of :Hbeo
dradsomnarizing deerang conditivaeeanpase 3 tenaparaireef 130k o

B

ogr chagker
05 PO BHSERS B 100 20786 KPURIGT SUR RGP RER oty
8pateafel ddiiesadiofyem d. Rtd1s0 hhey midrhytdiegemireat gharates frum 45 to
the first dewaxi na stage catalyst is selected fromthe
47 8Q g’ Gene59trA§0 982@/)-48, EU-2, EU-Il and zBM 30. 8.
The process of claim7 wherein the first dewaxing

st age catsl Tht pesuessioNanylofltht abdvert1denad, wherein the second
hydr ogenation netal. 9. The process of claim8 V\,heJCei n
hidraisamesizing dewaxing canditiens cOTBPEI ¥ tRRRIAHES of tnth C to
$hStin Pd. Y] f
AB0VC hieBfin? oo 1t 20780 KBRRLOU RPRUD e Bl oS

dpaNidletinésaarefremtal ¥s10 hs' salddgtdededr weat tghe rggeftpm 45 to
consi st pgzﬁof ZSM 48, ZSM 22, ZSM 23, ZSM 35 and
$ &Q)u;/rm P to1000BseféBEs of claim 10 wherein the

second dewaxi ng stage catal yst contains 0.1 to 5 W%

of a hydr&gqna?'rmwef aly oflithe abbee plaimesherin tHeaeadstock is
liwherein the drogenation netal is selected fromthe
gelected deomm the grayp spnpstingef sterkiwaxeppBydrperasker hyttogmsand

f claiknms 1 - wherein the nol ecul ar sieve of the
?.ilsrcglf:r' re?f@/asﬁti’#g%lxg%'age catal yst is conprised of ZSM 48,
the nol ecul ar sieve of the second stage is conprised

of zZSm 237. dhe peegegs of anyt ofthg above claims wherein the molecular

sieve of the first dewaxing stage catalyst is selected from the group consisting

of ZSM-48, EU-2, EU-11 and ZBM-30.

8. The process of claim 7 wherein the first dewaxing stage catalyst

contains 0.1 to 5 wt% of a hydrogenation metal.

9. The process of claim 8 wherein the hydrogenation metal is

selected from the group consisting of Pt and Pd.

10. The process of any of the above claims 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.

11. The process of claim 10 wherein the second dewaxing stage

catalyst contains 0.1 to 5 wt% of a hydrogenation metal.

12. The process of claim 11 wherein the hydrogenation metal is

selected from the group consisting of Pt and Pd.



second stage catal ysts having an effective anmount of a
hydr ogenation netal selected fromthe group consisting
wotopbsasd Pd. 14. The process of any of the abOWES2008/014006

cl ai ms, wherein the dewaxed product fromthe second
dewaxi ng stage is treated wpph a hydrofini shing

catal yst under hydrofinishing conditions. 15. The
process of claim 14 wherein said hydrofinishing

cat al yst i3 dheprosss obfnyaof tleast 1 06, wherain thelnecleewlar

fromGoup VI or Goup VII| on a netal j upport.
sEve “nglepg'@tc@%a’ﬁpg gfage ﬁ?tfl?sfr\ﬁé’roé?m 155 O(Ig§§$\&'4§n Cof

: r
eV (hE SorBHEl Bl T EANBASKALCY 1ok 24 und S and
sddondwiepesiatalystehividg ah ieffestivengmoaitalfiadty dsegenatienl niatalm
the group consisting.of MCM 41, %’CM 48, and MCM 50.
sglected dram theegrgup consigting ofilitandde ¢l ai ms wherein the
refined constraint index for said second dewaxi ng
st age catBl.yJheipsoadss b€asy oPthe.abbOe clilms,prineremsthedewaxed

claim 18 wherein the refined constrai né i.ndex_f.or. said

perdieh rgavikg iseepnsk deywaxding sipgis tregtes with adwydsofpnishipg
Al in the refined constraint

F%&Eﬁg‘?&?g,ﬁ&@éﬁﬁ%%@ﬂmﬁ%ﬁg stage catalyst is at

| east 3.5._ 21. The process qof any of the abqve cl ai
wherein the flihedroesssek Pl@g‘néﬁa@%ere&%r@%xcﬁpgmsmg catalyst

gg@@fﬁsge;a’ & glfe iezgte(snes&kﬁ?gagct{aa A8t b;?mg{ Q¥ Br 6258 VLI a

um na, Si ca-al um nas, rconi a,

imdtalndxade aipporti Xt ures thereof. 22. The process of
clai m 21wherein the binder is alumna.23. The process

of any of, h@rhégagzr«g?g 'o@mﬁn%%ﬁéreinkpg%@?seapf&% WRGf

stage cat al'yst er conprises a r selecte
ftlicohydrbfinBhidgrracdyssiis selegedfroni Pi aml Pdl um na,
silica-alumnas, zirconia, titania, and m xtures

17. The process of any of claims 14 — 16, wherein the
hydrofinishing catalyst selected from the group consisting of MCM-41, MCM-
48.,and MCM-50.

18. The process of any of the above claims wherein the refined

constraint index for said second dewaxing stage catalyst is at least 2.5.

19. The process of claim 18 wherein the refined constraint index

for said second dewaxing stage catalyst is at least 3.0.

20. The process of claim 18 wherein the refined constraint index

for said second dewaxing stage catalyst is at least 3.5.

21. The process of any of the above claims wherein the first
dewaxing stage catalyst further comprises a binder selected from the group
consisting of silica, alumina, silica-aluminas, zirconia, titania, and mixtures

thereof.

22. The process of claim 21 wherein the binder is alumina.



thereof. 24. The process of claim 23 wherein the
bi nder is alumna. 25. The process of clains 2 or 3,
wob@pesi2se he hydrotreating catal yst i s conpri sedr/v$2088/014006
| east one Group 6 netal and at | east one G oup 8 netal
of the I UPAC Periodic Table29n a netal oxide support.
26. The process of claim3, wherein the waxy | ube
feedst ock contains greater than about 0.1 wt % sul fur.
23. The process of any of the above claims wherein the second

dewaxing stage catalyst further comprises a binder selected from the group
consisting of silica, alumina, silica-aluminas, zirconia, titania, and mixtures

thereof.
24. The process of claim 23 wherein the binder is alumina.

25. The process of claims 2 or 3, wherein the hydrotreating
catalyst is comprised of at least one Group 6 metal and at least one Group 8

metal of the [UPAC Periodic Table on a metal oxide support.

26. The process of claim 3, wherein the waxy lube feedstock

contains greater than about 0.1 wt% sulfur.



