LUBE BASESTOCKS MANUFACTURI NG PROCESS USI NG | MPROVED
HYDRODEWAXI NG CATALYSTS FI ELD OF THE | NVENTI ON [ 0001]
wQabeos/oesssenti on rel ates to a process for prepap¢mgs2005/031060
| ubricating oil basestocks fromlube oil boiling range
feedstreans. More particularly, the present invention
is directed at a process wherein a wax containing | ube
oil boiling range feedstreamis converted into a
basest ock suitable for use in notor oil applications
by contacting it with a hydrobtewaxi ng catal yst
contai ning a nedi um pore nol ecul ar sieve having
deposited thereon an active netal oxide and at | east

one hydrQUBEBASESEOUKSVMANEEACTURINGPROTHES !
and G oyRINGIVPROVEDAIXDRODE WAXTRG CXTHALYSTS

[ 0002] Ontri TeEecentty, TNProveENENTS 11T te Sstandarus

for passenger vehicle lubricants and conmerci al

vehicle lubricants were achieved largely with the use

of better additives, such as anti-oxidants, antiwear
FHEED OF THIINMENTEON vi scosity inmprovers to inprove

specific properties of the basestocks used to prepare

the finished products. In the 1990s, wth the advent

{ ncreased envirgn tal _concerns, the rformanc
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by contacting 1t with a hydrodewaxing catalyst conta ning a medium pore

molecular sieve having deposited thereon an active metal oxide and at least one

hydrogenation metal selected from the Group VIII and Group VIB metals.

BACKGROUND OF THE INVENTION

[0002]  Until recently, improvements in the standards for passenger vehicle
lubricants and commercial vehicle lubricants were achieved largely with the use of
better additives, such as anti-oxidants, antiwear agents, detergents and viscosity
improvers to improve specific properties of the basestocks used to prepare the
finished products. In the 1990s, with the advent of increased environmental
concerns, the performance requirements for the basestocks themselves have
increased. The performance of the lubricating oil products themselves began a
rapid change as additives alone have not been able to address the new requirements
demanded by the equipment manufacturers accelerated efforts to improve
automotive performance, via reduced emissions and fuel economy, etc. In North
America over the past decade SAE 5SW-30 oils have required basestock viscosity

index ("VI") of the light basestock to increase from 100 to 115 due to tougher



America over the past decade SAE 5W30 oils have

requi red basestock viscosity index ("VI") of the |ight
whamentsssk to i ncrease from 100 to 115 due to PCT/US2005/031060

tougher LSAC, G-I, G- 2 and GF3 standards. VI is a

convenient guide to | ow tenperature viscosity and

volatility, properties that really under pin

aut onotive performance. This VI target is achievable

only in lowyields, fromnost crudes, by the

conventional separations based, processing steps of

vacuum di still ation, solvent extraction and sol vent

dewaxi ng. Simlar trends have occurred in Europe with
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separating or converting hydrocarbons which solidify
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[0004] Further, most lubricating oil feedstocks must be dewaxed in order to
produce lubricating oils which will remain fluid down to the lowest temperature of
use. Dewaxing is the process of separating or converting hydrocarbons which
solidify readily (i.e., waxes) in petroleum fractions. The hydrodewaxing of wax
and waxy feeds boiling in the lubricating oil range and catalysts useful in such
processes is well known in the art. Generally these processes utilize catalysts
comprising a molecular sieve component and a component selected from the Group

VIII and/or Group VIB metals.

[0005] As finished oil performance requirements increase so does the
requirement for improved lube oil basestocks properties. To address this need the
search for new and different processes, catalysts and catalyst systems that exhibit
improved activity, selectivity and/or longevity is an ongoing exercise. Thus, there

is a need in the lube oil market to provide processes that can produce lube oil



requi renment for inproved |ube oil basestocks
properties. To address this need the search for new
waomededsser ent processes, catal ysts and cat al yBET/US2005/031060
systens that exhibit inproved activity, selectivity
and/or longevity is an ongoi ng exercise. Thus, there
is aneed in the lube oil market to provi de processes
that can produce | ube oil basest ocks that neet the
demand for better performance, e.g., increased fue
econony and reduced em ssions; etc. BRI EF DESCRI PTI ON
OF THE FI GURES [0006] Figure 1 is a graph relating
pour point to yield of |ube oil basestocks obtained by
4 3
bal PTG S e iRt 87 b petirthel P oA
e&ﬁa@ﬁﬂmhcg&éﬂnﬂs&m@sm hydr odewaxi ng catal yst.
[0007] Figure 2 is a graph conmparing the pour point to
vi scosity index of |ube oil products obtained by

Bh dr odewaxi n &5 ]hﬁmth a ZSM 48 cat al yst

n conpared to a
conventional ZSM 48 based hydrodewaxi ng cat al yst.

[0008] . Figure 3 is a graph relating yield to tinme on
&qnﬁtag%}‘a RP&atIRE bBhr peint tdrgield 66 Ribe oil basestocks
[()I%E])\ﬁlgntl o) [ 000 El gure %pl S f) agra relating yield
obitainicidrby loydredewaningta L% slack wauwith @i Z3Mr-68 catalyst according to

conventional K ZSM 48 hydr odewaxi .n
thep e SemVENERERM [ConRredrinea 59%@%%?@@1?4-&8?@?%“ &89?‘58’“%
a%ﬂé(a process to prepare lubricating oil basestocks.
¢ S rocess conprises: a) contacting a | ube oil

boi ling range feedstreamw th a hydrodewaxi ng

[0007] Figure 2 is a graph comparing the pour point to viscosity index of lube
oil products obtained by hydrodewaxing a 150N slack wax with a ZSM-48 catalyst
according to the present invention compared to a conventional ZSM-48 based

hydrodewaxing catalyst.

[0008] . Figure 3 is a graph relating yield to time on stream at constant pour point

for the present invention.

[0009] Figure 4 is a graph relating yield to time on stream at constant pour point
for a conventional ZSM-48 hydrodewaxing catalyst.



catalyst in a reaction stage operated under effective
hydr odewaxi ng condi ti ons thereby producing a
wo pdwsiozsasi ng oi | basest ock, wherein said hydr OPEmNES1005031060
catal yst conprises: i) at |east one nedi um pore
nol ecul ar sieve; ii) at |east one active netal oxide
selected fromthe rare earth netal oxides; and iii) at
| east one hydrogenation netal selected fromthe G oup
VIIl and Goup VIB netals. [0011] In one enbodi nent of
the instant invention, the at4-least one active netal
oxi de of the hydrodewaxing catalyst is selected from
the Goup IlIB rare earth netal oxides. [0012] In yet
SEMMER YEORTHEINVENFION € earth netal oxide is
yttrra. TOOI3] Tn stiTT another enbodi nent, the at
| east one hydrogenation netal selected fromthe G oup
he hydr odewaxi ng
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sel ected fromPt, Pd, and m Xtures thereof. DETAI
DESCRI PTI catalght fﬁI-Erehb\Mﬁlt\Bﬂa@lobeﬂlfﬁj urides qﬁfeeﬂee thydrodewaxing
process invol.ves contacting a |ubyricating

feedstr eaQﬁf\ﬂilﬁlwsathﬁWdH@MPE@ lubgigating o3l ha%ps.t% whsgein said
stage op und r effective dr odewaxi ng
condi ti oﬁy%{rggfu gé:a 1 i tﬁlsf\éﬁbrl cating oil

basest ocky) Theat Jeast one medium pore molecular sieve;

i) at least one active metal oxide selected from the rare earth
metal oxides; and
iii)  atleast one hydrogenation metal selected from the Group VIII

and Group VIB metals.

[0011] In one embodiment of the instant invention, the at least one active metal
oxide of the hydrodewaxing catalyst is selected from the Group IIIB rare earth

metal oxides.

[0012] In yet another embodiment, the rare earth metal oxide is yttria.

[0013] In still another embodiment, the at least one hydrogenation metal
selected from the Group VIII and Group VIB metals of the hydrodewaxing catalyst

is selected from the Group VIII noble metals.

[0014] In still another embodiment, the at least one hydrogenation metal
selected from the Group VIII and Group VIB metals of the hydrodewaxing catalyst

is selected from Pt, Pd, and mixtures thereof.



hydr odewaxi ng catal yst conprises at |east one nmedi um
pore nol ecul ar sieve, at |east one active netal oxide
wazloeorsssi fromthe rare earth netal oxides, aneCEUS2005/031060
| east one hydrogenation netal selected fromthe G oup
VIII and Group VIB netals. Lubricating Ol Feedstreans
[0016] Feedstreans suitable for use in the present
i nvention are wax-containing feeds that boil in the
| ubricating oil range, typically having a 10%
distillation point greater than 6500F (343C), neasured
by ASTM D 86 or ASTM 2887, and are derived from
m neral sources, synthetic sources, or a mxture of
the two. Nonlimting exanples of suitable lubricating
oi | feedstreans include those derived from sources
DETAITA DD ESGRIFTHINfOBTHE INVENEIONI ng processes
such as raffinates, partially solvent dewaxed oils,
deasphal ted oils, distillates, vacuumgas oils, coker
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feedstocks "are those selected fromraffinates,
hyarbdessaxiagtcoadititng 30 produceiadddveatdtlabksatirgnoil ttbammcd: The
oils. [0017] These feedstreans nay al so have hig
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nore. Sul fur and nitrogen contents nmay be neasured by

standard ASTM net hods D5453 and D4629, respectively.
i il Kigedstreams

[0016] Feedstreams suitable for use in the present invention are wax-containing
feeds that boil in the lubricating oil range, typically having a 10% distillation point
greater than 650°F (343°C), measured by ASTM D 86 or ASTM 2887, and are
derived from mineral sources, synthetic sources, or a mixture of the two. Non-
limiting examples of suitable lubricating oil feedstreams include those derived from
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, slack waxes, foots oils and the like, dewaxed oils, automatic transmission
fluid feedstocks, and Fischer-Tropsch waxes. Preferred lubricating oil feedstocks
are those selected from raffinates, automatic transmission fluid feedstocks, and

dewaxed oils.

[0017] These feedstreams may also have high contents of nitrogen- and sulfur-
contaminants. Feeds containing up to 0.2 wt.% of nitrogen, based on feed and up

to 3.0 wt.% of sulfur can be processed in the present process. Feedsteams having a



[0018] In one enbodinent, it is preferred that the
| ube oil boiling range feedstreamis hydrotreated
waomen2sssf ect i ve hydrotreating conditions pri oPCT/US2005/031060
contacting the dewaxi ng catal yst. Effective
hydrotreating conditions as used herein are to be
consi dered those hydrotreating conditions effective at
renmoving at |least a portion of the sulfur contam nants
present in the lube oil boiling range feedstreamthus
produci ng at | east a hydrotréated | ube oil boiling
range feedstream Typical effective hydrotreating
conditions will include tenperatures range from 1000C
higR wd%o&ﬁtmtt%ﬁam V€ Bigh PRt tyRiatxdsAigidrl00 6r $I0e)
psig (20786 a), preferably from50 psig (446 kPa) to
SlioGndsiitrogdir 83@tekBahay bowesasuredt tiestafidardtASEM methods D5453
hydrotreating conditions and catal ysts are not
angy PO/ respectivelypr esent i nvention and any
hydrotreating conditions effective at renoving at
| east a portion of the sulfur fromthe | ube oil
Hgghwrggﬁﬁgnge feedstream can be used. Al so, any
ing catal yst can be used. It should be noted
that the term"hydrotreating" as used herein refers to
[OBrocesses wherei n a hydrogen-cont ai ni r% treat._gas is

48H i n pRe epbodiment, dris prefaired phat theytubeyajlt bening range
rimarily agtjve for .the..renpval, of heteroatons, ch
feBisERin (o ilihlrbaied Phdbr TR RidcShrortmt: Ccli oy piiot
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oGNS deRaxiiffedlybt!® BIEIRRITdERk I LA GYas used
hesbinclte 3 Be conpideddhode Rydroaastingoendiionpefiedtiveatramoving at

preferably Fe, Co and Ni, nore preferably Co and/or
leagt a povtiomes theswlfwrcomtammentsaprasent in drslube wel lwibing range
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100RCBloYA00° 08w 1B PRledslirdsTRom 50 psig (446 kPa) to 3000 psig (20786 kPa),
preferably from 50 psig (446 kPa) to 2500 psig (17338 kPa). However, the
effective hydrotreating conditions and catalysts are not critical to the present
invention and any hydrotreating conditions effective at removing at least a portion
of the sulfur from the lube oil boiling range feedstream can be used. Also, any
hydrotreating catalyst can be used. It should be noted that the term
“hydrotreating” as used herein refers to processes wherein a hydrogen-containing
treat gas is used in the presence of a suitable catalyst that is primarily active for the
removal of heteroatoms, such as sulfur, and nitrogen. Suitable hydrotreating
catalysts for use in the present invention are any conventional hydrotreating
catalyst and includes those which are comprised of at least one Group VIII metal,
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Co;
and at least one Group VI metal, preferably Mo and W, more preferably Mo, on a

high surface area support material, preferably alumina. It is within the scope of the



same reaction vessel. The Goup VIIl netal is
typically present in an anount ranging from2 to 20
wowvaos29ssef erably from4 to 12% The G oup VI PEL/EE2005/031060
will typically be present in an anpbunt ranging fromb5
to 50 wt.% preferably from10 to 40 w.% and nore
preferably from20 to 30 wt.% By "on support” we nean
that the percents are based on the weight of the
support. For exanple, if the support were to weigh 100
grams then 20 wt. % Group VII{7-netal woul d nean that 20
grans of Goup VIII netal was on the support. In this
enbodi ment, the hydrotreating of the lube oil boiling
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déscri bed bel ow. However, it is preferred that the
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reactjon product d Iiquid reaction, product.
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preferably stripping. The hydrotreated | ube oil :
atiwid. i Tig: camgetifgeetidicdeberil boilingranga feadstndani intthe hydrotreating

hydr odewaxi ng catal yst, as described below, i
rqaztjqa@g@ggﬂiﬁgamggqt}ye@ﬁngtcg@i'st, as described al\;vovel, r;])rglduces at least a

hydrotreated product comprising a gaseous reaction product and a liquid reaction
product comprises a hydrotreated lube oil boiling range feedstream. The entire
hydrotreated product can be conducted to the hydrodewaxing stage described
below. ‘However, it is preferred that the hydrotreated product be separated into the
gaseous reaction product and liquid reaction product comprising a hydrotreated
lube oil boiling range feedstream. The method of separation is not critical to the
instant invention and can be carried out by, for example, stripping, knock-out
drums, etc., preferably stripping. The hydrotreated lube oil boiling range
feedstream is then contacted with a hydrodewaxing catalyst, as described below, in

a hydrodewaxing reaction stage.

[0019]  The hydrotreating reaction stage, can be comprised of one or more fixed
bed reactors or reaction zones each of which can comprise one or more catalyst
beds of the same hydrotreating catalyst. Although other types of catalyst beds can
be used, fixed beds are preferred. Such other types of catalyst beds include



[0019] The hydrotreating reacti on stage, can be
conprised of one or nore fixed bed reactors or
WO e@e28881 zones each of which can conpri se onePOI/URIINE031060
cat al yst beds of the sane hydrotreating catal yst.
Al t hough ot her types of catal yst beds can be used,
fi xed beds are preferred. Such other types of catalyst
beds i ncl udefl uidi zed beds, ebullating beds, slurry
beds, and noving beds. Interstage cooling or heating
bet ween reactors or reaction-&ones, or between
catal yst beds in the sane reactor or reaction zone,
can be enployed since the desulfurization reaction is
flgiRnAdBdds, ExaldiRBeds, ﬁuﬂZM@d@ rhtﬂfmbbﬁlg{}\%é@fs Qﬁ!&%t@%@@oohng or
during hydrotreating can be recover ed ere this heat
heating\betweerpréastors or neactiou @ohed)log betmcarmﬂthl&ys’albedsanlthm same
may be perfornmed through ¢ooling g ities.such as
reéet@r OR&eagkoBZoBE, eany be emplayied syicefae dgsul ﬁawaxoagréaptlon is

oSS DGR by PRS0l LR s Bhorening an e

rewwxeeewelre%@q&e@k Ys&ove orf'8 vk &V &ifate Rhvehfinal cooling

hydr odewaxi ng catal yst used in the present iInvention
map prpiestesmed theagh codingedil ities pocleasiodalimg watesiogad, or through
Medi um pore nol ecul ar sieves suitable for use in the
ugefeachydyosen rgratsstiram.i s manner, gpHEBHR reapliontt@peratures
cal? be sel e&t ed. fromacidic netallosilicates, such as
caly g WOLF Bt &Bﬁ%ﬂgf’%s (SAPGs), and uni di nensi onal
10-ring zeolites, i.e., mediumpore zeolites having
uni di mensi onal channel s conprising 10-nenber rings. It
HydrodesaxingdCatadystt he nol ecul ar sieve be a zeolite.
[0021] The silicoal um nophophates (SAPGs) useful as
the at | east one nol ecul ar sieve can be any of the

[0§ABF l53‘nsos¥\cler1]tedp ggee "the %y§ waix{]ncgI &a aelyg Es%d 1n]the present

invention comprises at least one medium pore molecular sieve. Medium pore

molecular sieves suitable for use in the dewaxing catalysts utilized in the present
invention can be selected from acidic metallosilicates, such as |
silicoaluminophophates (SAPOs), and unidimensional 10-ring zeolites, i.e.,
medium pore zeolites having unidimensional channels comprising 10-member

rings. It is preferred that the molecular sieve be a zeolite.

[0021]  The silicoaluminophophates (SAPOs) useful as the at least one molecular -
sieve can be any of the SAPOs known. Preferred SAPOs include SAPO-11,
SAPO-34, and SAPO-41.

[0022]  The medium pore zeolites, sometimes referred to as unidimensional 10-
ring zeolites, suitable for use in the dewaxing catalyst employed herein can be any
of those known. Medium pore zeolites as used herein can be any zeolite described

as a medium pore zeolite in Atlas of Zeolite Structure Types, W.M. Maier and D.H.




SAPC- 34, and SAPO-41. [0022] The medi um pore zeolites,
sonetinmes referred to as unidi nensional 10- ring
waawbi028881, suitable for use in the dewaxi ng carEl/ys1005/031060
enpl oyed herein can be any of those known. Medi um pore
zeolites as used herein can be any zeolite described
as a nedium pore zeolite in Atlas of Zeolite Structure
Types, WM Maier and D.H O son, Butterworths.
Zeolites are porous crystalline materials and nmedi um
pore zeolites are generally e®fined as those having a
pore size of 5 to 7 Angstrons, such that the zeolite
freely sorbs nol ecul es such as n-hexane,

Ofsote Byt ReOHRES eZe@l%g 8REPGHOLs BrysHIRRE maf¥1p418 ahd %%HI@I% pore

classification used for nmedi um’pore zeolites involves
zaohitesCoe Peneratly defihed asebosedwviing a podesize obSdoi7TnAbpstrads, such
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Nufie? 3,0 16SM 83 5vhidlohd hé&réby ﬁﬁmﬁ]ﬁ(&atealrhy fefelrelnee [ Medlﬁmr}mre
preferred are ZSM 22, ZSM 23, ZSM 35, ZSM 48,
zepdiesstypically haysta (ﬁﬁé‘ft@mfe[@dﬁ& of &0 48, based crm&xe zeohte alone
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[0023] The medium pore molecular sieve is preferably combined with a suitable
porous binder or matrix material. Non-limiting examples of such materials include
active and inactive materials such as clays, silica, and/or metal oxides such as
alumina. Non-limiting examples of naturally occurring clays that can be
composited include clays from the montmorillonite and kaolin families including
the subbentonites, and the kaolins commonly known as Dixie, McNamee, Georgia,
and Florida clays. Others in which the main mineral constituent is halloysite,
kaolinite, dickite, nacrite, or anauxite may also be used. The clays can be used in
the raw state as originally mixed or subjected to calcination, acid treatment, or
chemical modification prior to being combined with the at least one molecular
sieve. It is preferred that the porous matrix or binder material comprises at least
one of silica, alumina, or a kaolin clay. It is more preferred that the binder material
comprise alumina. The amount of molecular sieve in the dewaxing catalyst is from

10 to 100 wt.%, preferably 35 to 100 wt.%, based on catalyst. Such catalysts can



t he subbentonites, and the kaolins comonly known as

Di xi e, McNanee, Ceorgia, and Florida clays. O hers in
wovkioel28ske mai n mineral constituent is hal |l oysPaBYUS2005/031060

kaolinite, dickite, nacrite, or anauxite may al so be

used. The clays can be used in the raw state as

originally m xed or subjected to calcination, acid

treatment, or chemnical nodification prior to being

conbined with the at | east one nolecular sieve. It is

preferred that the porous matlQ-x or binder materi al

conprises at |east one of silica, alumna, or a kaolin

clay. It is nore preferred that the binder materi al
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canbe formed by nethods such spray drying, extrusion

saHuledfermi ke. The dewaxi ng catal yst may be used in the

sul fided or unsulfded form and is preferably in the

sul fided form [0024] The hydrodewaxi ng catal yst used
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means known to be effective at

[0025] The at least one active metal oxide can be incorporated onto the above-
described medium pore molecular sieve by any means known to be effective at
doing so. Non-limiting examples of suitable incorporation means 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.

[0026] The amount of active metal oxide incorporated, i.e., deposited, onto the
medium pore molecular sieve is greater than 0.1 wt.%, based on the catalyst.
Preferably the amount of mixed metal oxide ranges from 0.1 wt.% to 10 wt.%,

more preferably from 0.5 wt.% to 8 wt.%, most preferably from 1 wt.% to 4 wt.%.

[0027] Hydrodewaxing catalysts suitable for use in the present invention also

include at least one hydrogenation metal selected from the Group VIII and Group



doing so. Non-limting exanples of suitable
i ncor poration neans include incipient wetness, ion
wexwharsse; nechani cal m xing of netal oxide  PCT/US2005/031060
precursor(s) with nolecular sieve and binder, or a
conmbi nation thereof, with the incipient wetness
techni que being the preferred nethod. [0026] The
anmount of active nmetal oxide incorporated, i.e.,
deposited, onto the nmedi um pore nol ecul ar sieve is
greater than 0.1 W.% basedlidn the catal yst.
Preferably the anmount of m xed netal oxide ranges from
0.1 m.%to 10 m.% nore preferably from0.5 wt.%to
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| ected ; .
o B LR 18 A, presenin i
nfdsEpitesed @Irlegp W et PreferfddeGESGS VB ehetalsddcudem
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metals with preferred, etc. Goup VIII netals being

those described above. [0028] The at |east one )
0028]0geThé¢ hvleastaing! hyidsogenatopanetakid, incorporateddsi. deposited, onto

i e ppréa ok G ee halas oonierabtet RO Rt By phleast one
agsgq: Do éfxﬁ %ﬁést ‘ggent e%%%ﬁgd th-lc-alggone.lt Thg ftleallBhe hydrogenation
metal can also be incorporated onto the above-described active metal oxide-
containing medium pore molecular sieve by any means known to be effective at
doing so. Non-limiting examples of suitable incorporation means 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.

[0029] The amount of the at least one hydrogenation metal incorporated, 1.e.
deposited, onto the metal oxide-containing medium pore molecular sieve is
between 0.1 to 30 wt.%, based on catalyst. Preferably the amount of the at least one
hydrogenation metal ranges from 0.2 wt.% to 25 wt.%, more preferably from 0.5
wt.% to 20 wt.%, most preferably from 0.6 to 20 wt.%.



nmetal can al so be incorporated onto the

above-descri bed active netal oxidecontaining nmedi um
w@zeorssgecul ar si eve by any neans known to bePCT/US2005/031060

effective at doing so. Non-limting exanples of

sui tabl e i ncorporation nmeans include incipient

wet ness, ion exchange, nechanical m xi ng of netal

oxi de precursor(s) with nol ecul ar sieve and bi nder, or

a conbination thereof, with the incipient wetness

techni que being the preferred2method. [0029] The

anount of the at |east one hydrogenation netal

i ncorporated, i.e. deposited, onto the netal

Hgﬁ}g&e‘ggﬁi ni ng medi um pore nol ecul ar sieve is
1 to 30 wt.% based on catalyst. Preferably
the anobunt of the at | east one hydrogenation netal

ran?es fromO0.2 wt.%to 25 w.% nore preferably from
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catalyst in a reaction stage under effective
cdntgindgeth@)iydgodonaiing earlysthsed matheipsesent ap@ntion can be
contai ning the hydrodewaxi ng catal yst used.in the )
cqmprisast of onecor nere Haed bed senefnrs o8 deastionyenes eagdy of which can
fixed bed reactors. o
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bedst dntarstage coalinggr beatinghetwgebegagtars, neaetiorozenes, or between
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generated can also be recovered. Where this heat recovery option is not available,
conventional cooling may be performed through cooling utilities such as cooling
water or air, or through use of a hydrogen quench stream. In this manner, optimum
reaction temperatures can be more easily maintained. It should be noted that if the
hydrotreating option described above is employed, the reaction stage containing the

dewaxing catalyst is sometimes referred to as the second reaction stage.

[0031] 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'', 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).



generated can al so be recovered. Were this heat
recovery option is not avail able, conventional cooling
worenpeozssper f or med t hrough cooling utilities suRtI/ES2005/031060
cooling water or air, or through use of a hydrogen
guench stream In this manner, optinmum reaction
tenperatures can be nore easily nmaintained. It should
be noted that if the hydrotreating option described
above is enplaoyed, the reaction stage containing the
dewaxi ng catal yst is someti md3- referred to as the
second reaction stage. [0031] Effective hydrodewaxi ng
condi tions as used herein includes tenperatures of
[0032 251@@%?&%&(1%0&5@%%@% hat (R piledtindention employing
pressures of from 791 to 20786 kPa (100 to 3000 psigQ),
hyitredewaking cheadpsts as dék3ibeld Moy povideimifroped gjelds and lube oil
liquid hourly space velocities of from0.1 tqo 10 hr 1,
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yi ng hydro xI ng catal ysts as descri bed above

arfd) thei Ve crange onaktithed tferaeditd afo¥l ordditeparei ongtheander of 1-5 VI

products having better viscosity indexes ("VI") when
p@otspared to currently avail able commerci al dewaxi ng

processes. The increase in yields, sonetinmes referred

to as yield credits, are on the order of 10% based on
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enbodi ments of the present invention, Those skilled in
thaharezaqually leffective gauldeda devisest foe campingdvutshe spirtt f thise
.equally effective could be devised for carrying out
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[0034] The following examples will illustrate the improved effectiveness of the

present invention, but is not meant to limit the present invention in any fashion.

EXAMPLES

EXAMPLE 1 - CATALYST PREPARATION

COMPARATIVE CATALYST - CATALYST A

[0035] A base case catalyst for comparison was prepared by extruding 65 parts
of ZSM-48 crystal (Si/Al2 ~ 200/1) with 35 parts of pseudoboehmite alumina.
After extrusion, the extrudate was dried at 121°C in air, followed by calcination in
nitrogen at 538°C to decompose the organic template in the zeolite. After

decomposition, the extrudate was exchanged with 1 N NH4NO3 nitrate to remove



i nvention. [0034] The follow ng exanples wll
illustrate the inproved effectiveness of the present
WO pwenrss®n, but is not neant to limt the preseeL/US2005/031060
invention in any fashion. EXAMPLES EXAMPLE 1 -
CATALYST PREPARATI ON COVPARATI VE CATALYST - CATALYST A
[ 0035] A base case catal yst for conparison was
prepared by extruding 65 parts of ZSM 48 crystal
(Si/A12 ~ 200/1) with 35 parts of pseudoboehm te
al um na. After extrusion, thd4extrudate was dried at
121 0Cin air, followed by calcination in nitrogen at
538C t o deconpose the organic tenplate in the zeolite.
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48 ¢o thenhlformtang tNHgmoye Ny resifieal RerhonypmainingeorHiedgagalyst after
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i nCi'pl en ess inpre on usi ng ati num A

ah®WadAIfRE imptdgdiationhewatayst ifdtied agaipratd2atCao rembee
catalyst is dried again at 121C to renove excess

exatse watéro Folbaveet by aamifil kit caleinationcatn3(°6nto-decesymee the metal
deconpase the netal salt to platinum oxi de. CATALYST

salt forpiatipum@XIASE | N THE PRESENT | NVENTI ON - CATALYST B
[0036] A1 w.%yttriumcontaining ZSM 48 catal yst was
prepared in simlar

CATALYST SUITABLE FOR USE IN THE PRESENT INVENTION -

CATALYSTB

[0036] A 1 wt.% yttrium containing ZSM-48 catalyst was prepared in similar
fashion to the base case catalyst described above, but prior to the platinum
tetraammine nitrate impregnation, the H-form of the extrudate was impregnated
with yttrium nitrate (1 wt.% yttrium) using the incipient wetness technique. The
ytrrium containing catalyst was then calcined in flowing air at 538°C to decompose
the yttrium nitrate to yttrium oxide. After calcination, the yttrium containing ZSM-
48 extrudate was impregnated with 0.6 wt.% Pt by incipient wetness impregnation
using platinum tetraammine nitrate and water. After Pt impregnation, the resulting
catalyst was dried again at 121°C to remove excess water, followed by mild air

calcination at 360°C to decompose the metal salt to platinum oxide.



fashion to the base case catal yst descri bed above, but
prior to the platinumtetraamm ne nitrate

WO mobs/ezssst | on, the H form of the extrudate wasPCT/US2005/031060
impregnated with yttriumnitrate ( 1 wt.%yttrium
using the incipient wetness technique. The ytrrium
containing catalyst was then calcined in flowing air
at 538C to deconpose the yttriumnitrate to yttrium
oxi de. After calcination, the yttrium containing ZSM
48 extrudate was inpregnatedlifdth 0.6 w.% Pt by
i nci pi ent wetness i npregnation using platinum
tetraanmine nitrate and water. After Pt inpregnation,

Eﬂ%ﬁ%bt_i@gfgﬁsﬁspsﬁas dried again at 121Cto
owed by mld air calcination

at 3600C to deconpose the netal salt to platinum
oxi de. EXAMPLE 2 - CATALYST USE [0037] Catalyst A and
[0837Hes Eiatalpst AangBydsiseribedisoxamplsr leabyasisawere sgparately used to
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cbeI owdgfr ghoyéS] Cat al )Il/]%t A%nd B were used in two

pmepssrcamdltmmeiasnnhtébelﬂ&\h enpl oyi ng the same dewaxi ng
condi tions including tenperatures of 3250C, pressures
of 1000 psig (6996 kPa), |iquid hourly space
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th%'saﬁie dwaﬁ@g Goﬁ\ﬁﬁoﬁﬁﬂdl&ﬁng Yémp&rafurss apbzs‘*@rﬁre@akes of 1000
tubul ar reac whi ¢ | owed co-feedjng of

pdiy (699K Pa)) htlaamomw spmt netitiesTofel hehlalntléx)mlfrogdmﬁeat gas
experinments ar Jated in Figures 1, 2, 3, and 4

rates of 2500 scf/bbl (445 m ) The dewaxing of the 150N slack wax feed was

carried out in a simple vertical tubular reactor, which allowed co-feeding of the

hydrocarbon feeds and hydrogen. The results of these experiments are illustrated in

Figures 1, 2, 3, and 4.

[0039] Figure 1 illustrates that the present invention, a process utilizing Catalyst
B, shows an unexpected improvement over a hydrodewaxing process employing
Catalyst A. As illustrated in Figure 1, one of the unexpected improvements of the
present invention is that, at constant pour point of -20°C, under identical
hydrodewaxing conditions, a hydrodewaxing process employing Catalyst A
produces a 49 wt.% yield, based on the feed, while a hydrodewaxing process
utilizing Catalyst B, a process according to the present invention, produces a yield
of 59 wt.%, based on the feed.

[0040] Figure 2 illustrates a further unexpected improvement of the current

invention. Figure 2 illustrates that the present invention produced a product having



[0039] Figure 1 illustrates that the present

i nvention, a process utilizing Catalyst B, shows an
wae@kpzsssed | nprovenment over a hydrodewaxi ng pPODESH05/031060

enpl oying Catalyst A As illustrated in Figure 1, one

of the unexpected inprovenents of the present

invention is that, at constant pour point of -200C,

under identical hydrodewaxi ng conditions, a

hydr odewaxi ng process enpl oyi ng Catal yst A produces a

49 wt.%yield, based on the fléed, while a

hydr odewaxi ng process utilizing Catalyst B, a process

according to the present invention, produces a yield
a WisdoRitpindex @agER? @6 StVEpdiagcthigh&QRLY i ﬂﬁfd@c??roduced by a

illustrates a further unexpected inprovenent of the
h)cdmd@mxing\pemdssmlIiliEiI{gJ@etag/st A.ustrates that the

present invention produced a product havinga Viscosity

Index ("VI") 2 to 5 VI points higher than the product
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invention. Figure 3 illustrates that the presen

inventéort, iagprocessprtdizss a ghfalyst such as Catadysy 8, 1suies louaafter less than
talyst. B, lines out after.less than 5 days, and the
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same dewaxi ng conditi"ons but u tal yst A
canadliteensrbut lutilizimgeCatady st iAy ealosstmudis lanigerisd liag edt.i As illustrated in

Figure 4, the hydrodewaxi ng process enpl oying Catal yst
Figure.dhe dydeadermxingpeocsss enployinrg Gatalyss dirvenatier datyays on
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3RPELOMI NG (AL ¥ thEhydrodewaxing process employing Catalyst B.

[0042]  Thus, Figures 1, 2, 3, and 4 illustrate that the present invention provides
a hydrodewaxing process having an unexpectedly rapid line out time, higher
product yields and higher product VI than a process employing a conventional

ZSM-48 based hydrodewaxing catalyst.



[0042] Thus, Figures 1, 2, 3, and 4 illustrate that
the present invention provides a hydrodewaxi ng process
whane02888N unexpectedly rapid line out tinme, hPghEs2005/031060
product yields and hi gher product VI than a process
enpl oyi ng a conventional ZSM 48 based hydr odewaxi ng
catal yst. CLAIMS ; 1. A process to prepare |lubricating
oi | basestocks conprising: a) contacting a | ube oi
boiling range feedstreamw th a hydrodewaxi ng cat al yst
in a reaction stage operatedlidnder effective
hydr odewaxi ng condi ti ons thereby producing a
| ubricating oil basestock, wherein said hydrodewaxi ng
CEHNIRst conprises: i) at |east one medi um pore

ol ecul ar sieve; ii) at |east one active netal oxide
selected fromthe rare earth netal oxides; and iii) at

| east one hydrogenation netal,6 selected fromthe G oup
Ly | | Adiacessda prepase hrigasing pil basgstgeks comprisingnar e

| unetbr 1 Baing T RRRCT SSRGS (s PR AEY R axine

derived fEQaNSOW £RACEYR BtaBS opblatediBhdreIfdctiophyato®Waxing
y

refining proCesses such asraffinates, partiall

sol vent dewmditonilescbydmadpbiaptaddbncating dil basédtadle syherein said
vacuum gas oils, coker gas oils, slack waxes, foots

oi | s and hydrodewaxingeatalist cOMMIsCaUt omat i ¢

transm ssiion fl uid feedstocks, and FiC&lcher-Tropsch

waxes W tﬂ a héﬂfe?ﬁtroél&m?] um pore molecular sieve;

i1) at least one active metal oxide selected from the rare earth
metal oxides; and
iii)  at least one hydrogenation metal selected from the Group VIII

and Group VIB metals.

2. A process to prepare lubricating oil basestocks comprising:

a) contacting a lube oil boiling range feedstream selected from those
derived from 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, slack
waxes, foots oils and the like, dewaxed oils, automatic transmission
fluid feedstocks, and Fischer-Tropsch waxes with a hydrotreating
catalyst comprising at least one Group VIII metal, and at least one
Group VI metal on a high surface area support material in a
hydrotreating reaction stage operated under effective hydrotreating
conditions and in the presence of a hydrogen-containing treat gas
thereby producing at least a hydrotreated product comprising a .
gaseous reaction product and a liquid reaction product comprises a

hydrotreated lube oil boiling range feedstream;



catal yst conprising at |east one Goup VIII netal, and

at |l east one G oup VI netal on a high surface area
waappozsssat eri al in a hydrotreating reacti on BCEUS2005/031060

operated under effective hydrotreating conditions and

in the presence of a hydrogen-containing treat gas

t hereby producing at |east a hydrotreated product

conprising a gaseous reaction product and a liquid

reacti on product conprises a hydrotreated | ube oi

boi ling range feedstreamb) d€parating said

hydr otreat ed product into said gaseous reaction

product and said liquid reaction product conprising a

hydrgy r eategdalavfig said hRRbirbated prodift ifedald £a¥bus teaction
oot bt no Ry gysdrot’fdgat D P B e

f eedst r earprodiidt andrspitt hgeidaxactiprcprodhyistomprising a hydrotreated
hydr odewaxi ng reacti on stage, operated under effective
hydr odewaxihe od hdling sangedredstispmsr oduci ng a

[ ubrigcatin i l. basest ogk rej i d. hvdr : '
catathor domastiossaihigpedGEiahEon B s JHaK i with o
nol ecul ar 1§ . o NG

ond s60l | (DFURPRUEE GBSt AT BT, [40libh SRigeDperated
sel ected furier effective Rydradewaxinigadonditicissthembst prodjciag a

| east one hgqr ogenation nmetal selected fromthe G oup
VI11 and dnbupatingoikbasgstocks wherin spisclaglrodewaxiagrgtalyst
any precedi r;g cl ai mwherein said lubricating oil
COmIprises:
1) at least one medium pore molecular sieve selected from acidic
metallosilicates, and zeolites;
i) at least one active metal oxide selected from the rare earth
metal oxides; and
iii)  at least one hydrogenation metal selected from the Group VIII

and Group VIB metals.

3. The process according to any preceding claim wherein said lubricating oil
feedstock has a 10% distillation point greater than 650°F (343°C), measured by
ASTM D 86 or ASTM 2887, and are derived from mineral sources, synthetic

sources, or a mixture of the two.

4, The process according to any preceding claim wherein said lubricating oil
feedstock contains up to 0.2 wt.% of nitrogen, based on the lubricating oil

feedstock, and up to 3.0 wt.% of sulfur, based on the lubricating oil feedstock.

5. The process according to any preceding claim wherein said medium pore

molecular sieve is selected from acidic metallosilicates and zeolites.



feedstock has a 10%distillation point greater than
65Q0F (3430C), neasured by ASTM D 86 or ASTM 2887, and
wa@emoedmssved from m neral sources, synthetic SPUN/UE®)5/031060
or a mxture of the two. 4. The process according to
any preceding claimwherein said [ubricating oil
feedstock contains up to 0.2 wt. % of nitrogen, based
on the lubricating oil feedstock, and up to 3.0 m.%
of sulfur, based on the lubricating oil feedstock. 5.
The process according to anylprecedi ng cl ai mwherein
sai d nedi um pore nol ecul ar sieve is selected from
acidic netallosilicates and zeolites. 6. The process

aci di o cates and zec . The pr oces:
6ot ol oL e Ao FHEIB AN PrEcctl Un U e Sidetis)

meelRB{IRAtdsrio M sBAR@minopBesihales, (SARDSARRA from SAPO-11,
process according to any precedi ng clai mwherein said
SAPO-3fh pul BARG)-4Eul ar sieve is a zeolite selected from
ZSM 22, ZSM 23, ZSM 35, ZSM 57, ZSM 48, and
ferrierite. 8 The process according to any preceding

cl ai [ i.q: i . I i ' ;
T onplat PEERT peRrB ad RESRAR LR erBlaed ifedium pore
M RNAievwelsecicotitd scdeatad fronn ZSNi22i, Z8M 13, ¥M;35, ZSM-57,

cal ci um oxi de, strontium oxi de, barium oxi de, carbons,
Z5M-d8namd faitigrittrtaceous earth, | ant hani de oxi des

i ncludi ng cerium oxi de, |anthanum oxi de, neodym um

oxi de, yttrium oxide, and praseodym um oxi de; chrom a,

Chor Lum oxi . i : _ .
L YLl e APl B i por
mdtsculinasvelR domipcsité@ With £ stabslepordlstbindérd®r maix rhaterial
process according to any preceding claimwherein said )
selatted ftean phrmins, silica, titania, calcium oxide, strontium oxide, barium oxide,
carbons, zirconia, diatomaceous earth, lanthanide oxides including cerium oxide,
lanthanum oxide, neodymium oxide, yttrium oxide, and praseodymium oxide;

chromia, thorium oxide, urania, niobia, tantala, tin oxide, zinc oxide, and aluminum

phosphate in an amount of less than 15 parts zeolite to one part binder.

9. The process according to any preceding claim wherein said suitable porous
binder or matrix material is alumina, and said active metal oxide is selected from

the rare earth metal oxides of Group IIIB of the periodic table including yttria.

10.  The process according to any preceding claim wherein said at least one
active metal oxide and said at least one hydrogenation metal are deposited onto the
medium pore molecular sieve by a method selected from incipient wetness, ion
exchange, mechanical mixing of metal oxide precursor(s) with the medium pore

molecular sieve and binder, and any combination thereof.



bi nder or matrix material is alumna, and said active
nmetal oxide is selected fromthe rare earth netal
wo@xo0dezs8ef Group |11 B of the periodic table inetTts10095/031060
yttria. 10. The process according to any preceding
claimwherein said at |east one active netal oxide and
said at | east one hydrogenation netal are deposited
onto the medi um pore nol ecul ar sieve by a nethod
sel ected fromincipi ent wetness, ion exchange,
mechani cal mxing of metal oxXPde precursor(s) with the
medi um pore nol ecul ar sieve and bi nder, and any
conmbi nation thereof.11. The process according to any
1 Pr eCeRHé PeocekRhéBoniiRab ang Preéceding SREh wikteRCdaid &t attadne
oxide i s deposited onto the medium pore nol ecul ar
activevmetah orrdedsdapositpdente the mediuin pove medndaresie venintaneamount
catal yst, 12. The process according to any preceding
g@?@ﬁﬁ%@fle‘i"h%sé’ﬁﬁe en theeatalyste hydr ogenation metal is
selected fromthe Goup VIII netals. 13. The process
according to any preceding claimwherein said at | east
12ne e PR&%Q@S&&&‘diﬁ%&_@'anﬁ)r ERE AR Qe @idREIeHS one
pore nolecul ar sieve in an anount rangi ng from between
hydrbgewatdh metalds sedected fronc dteaGymtp VIM mékals. pr ocess
according to any preceding claimwherein said
ef fecti ve hydrodewaxi ng conditions include

13,6 EhEbtacsss atqRiing Rany o Sding <R ST RSP 2 1 one
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amount ranging from between 0.1 to 30 wt.%, based on catalyst.

14.  The process according to any preceding claim wherein said effective
hydrodewaxing conditions include temperatures from 250°C to 400°C, pressures
from 791 to 20786 kPa, liquid hourly space velocities of from 0.1 to 10 hr'!, and
hydrogen treat gas rates from 45 to 1780 m*/m’.



