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Field 10001] This disclosure relates to the preparation of Goup Il and

G oup |l Iwbube/deaxze oils wherein |iquid-continuous hydr eCrasteing4iss2 used to
treat a lube oil raffinate. The hydrotreated |ube oil raffinate is then
sent to a dewaxi ng stage that can be either a solvent or catal ytic dewaxing
st age. Background 100021Crude petroleunlls distilled and fractionated into
many products such as gasoline, kerosemel -jet fuel, asphaltenes, and the

| i ke. One portion of the crude petroleumforns the base of |ubricating
baseoils used in, inter alia, the lubricating of internal combustion

engi nes. Lube 0|I users are denandlno ever |ncreaS|no base 0|I quallty and
refiners are fEROGESS FOR THIS 2 A FON QF R 6] bss and

| ess able to produce ba&ND GRIQU]?rddi[ ILIJEE BAS&E QIRISty reqw renents.
New processes are required to provide refiners with the tools for preparing
hi gh quality nodern base oils particularly using existing equipnent at

| ower cost and with safer operation.

Field

[0001] This disclosure relates to the preparation of Group II
and Group III lube base oils wherein liquid-continuous
hydrotreating is used to treat a lube oil raffinate. The hydrotreated
lube oil raffinate is then sent to a dewaxing stage that can be either

a solvent or catalytic dewaxing stage.

Background

[0002] Crude petroleum is distilled and fractionated into many
products such as gasoline, kerosene, jet fuel, asphaltenes, and the
like. One portion of the crude petroleum forms the base of
lubricating baseoils used in, inter alia, the lubricating of internal
combustion engines. Lube oil users are demanding ever increasing
base oil quality, and refiners are finding that their available
equipment is becoming less and less able to produce base oil that
meet these higher quality requirements. New processes are
required to provide refiners with the tools for preparing high
gquality modern base oils particularly using existing equipment at

lower cost and with safer operation.

[0003] Finished lubricants used for such things as automobiles,
diesel engines, and industrial applications are generally comprised
of a lube base oil and additives. In general, a few lube base oils are

used to produce a wide variety of finished lubricants by varying the



100031Fi ni shed | ubricants used for such things as autonobiles, diesel

engi nes, and industrial applications are generally conprised of a |ube base
oi | and aw0di20ixv®32721 n general, a few | ube base oils arePasas2aio/omseruce a
wi de variety of finished lubricants by varying the 2 - mxtures of

I ndi vi dual | ube base oils and additives. Typically, lube base oils are
sinply hydrocarbons prepared from petrol eum or other sources. Lube base
oils are nornal |y manufactured by maki ngZnarrow cuts of vacuum gas oils
froma crude vacuumtower. The cut points are set to control the final

viscosity and fl ash Epi nt of the lube base oil. [0004] G oup || base oils,
t hose wit h gixtares ehindBodusiniuhg base s soud additivess hyeigalys dnpg

modicet by LT Shyeecl 0 o WEEMILARS plai@ Ay Sallakenk o
N-met hyl - pyjiheli daiecef Ur fthile ©AsPNENG! -ar-crh?hc{ﬁﬁgilsf' N afRYcidddd nBjes

produced from sol vent extraction process are ewaxed, either

cat al yti calrhgkthghnatfousetk afdewaxiuig galsaloil ffoeh ascASeSyvaeautrhr ough
traditional solvent dewaxing. The resultant base oils nay be hydrofinjshed
to inprove tosvor. Aie suhgroingpraresat tor epatraledhe final viscosity and flash

point of the lube base oil.

[0004] Group 1 base oils, those with greater than 300 ppm
sulfur and 10% aromatics are generally produced by first extracting
the vacuum gas oils (or waxy distillates) or deasphalted vacuum
residuum with a polar solvent, such as N-methyl-pyrrolidone,
furfural, or phenol. The resulting waxy raffinates produced from
solvent extraction process are then dewaxed, either catalytically
with the use of a dewaxing catalyst such as ZSM-5, or through
traditional solvent dewaxing. The resultant base oils may be

hydrofinished to improve color and other lubricant properties.

[0005] Group II base oils, those with less than 300 ppm sulfur
and 10% aromatics, and with a viscosity index range of 80-120, are
typically produced by hydrocracking followed by selective
catalytic dewaxing then hydrofinishing. A second, less common
method for producing Group II base oils is to integrate a high-
pressure hydrotreating step into a conventional solvent refining

train in order to reduce base oil aromatics to below 10 wt.%.

[0006] Group III base oils have the same sulfur and aromatics
specifications as Group II base oils but have viscosity indices
above 120. These materials are produced with the same type of

catalytic technology employed to produce Group II stocks but with



[0005] Group Il base oils, those with [ ess than 300 ppm sul fur and 10%
aromatics, and with a viscosity index range of 80-120, are typically

pr oduced w9 2hixhoszreacki ng fol | owed by sel ective cat al yt iPCTASe@xionzF22 hen
hydr of i ni shing. A second, |ess conmmon nethod for producing Goup Il base
oils is to integrate a high-pressure hydrotreating step into a conventi onal
solvent refining train in order to reduce base oil aromatics to bel ow 10
Wwt.% [0006]Goup IIl base oils have the3sane sul fur and aromatics
specifications as Goup Il base oils but have viscosity indices above 120.
These materials are produced with the same type of catalytic technol ogy
enpl oyed t eithedthe hyrdugenacksrobkmpwipetiatad agmueh thighemee gty Picker
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aromati cs feedstocks requires a higher degree of aromatics conversion in
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Goup Il and Goup Il base oils. . . i
more aromatics feedstocks requires a higher degree of aromatics
conversion in the hydrocracking and dewaxing zones, which is
difficult for conventional lube processing technology. There is a
need in the art for improved process technology to allow for the use
of heavier feeds for the production of Group II and Group 1I base

oils.

Summary

[0008] In accordance with the present disclosure there is
provided a process for the production of lube base oils, which

process comprising;:

1) solvent extracting a lube oil feedstock containing
heteroatoms and aromatics and having a viscosity index with an
extraction solvent, at solvent extraction conditions, wherein an
extract stream and a raffinate stream are produced, and wherein the
raffinate stream contains a smaller fraction of heteroatoms and
aromatics and has a higher viscosity index than the lube oil

feedstock;

ii) hydrotreating at least a portion of said raffinate in the
presence of hydrogen and a hydrotreating catalyst under effective
hydrotreating conditions in a liquid-continuous reactor to form a

hydrotreated raffinate stream; and



Summary 100081In accordance with the present disclosure there is provided a
process for the production of |ube base oils, which process conprising
i) sol verwoenrtwmsi7iecng a | ube oil feedstock containi ng heCerusatiems2sand
aromatics and having a viscosity index with an extraction solvent, at
sol vent extraction conditions, wherein an extract streamand a raffina
stream are produced, and wherein the raffinate streamcontains a snal
fraction of heteroatons and aromatics anfi-has a hi gher viscosity index
the lube oil feedstock; ii) hydrotreating at |east a portion of
raffinate in the gresence of hydrggen and a hydrotreating catal yst und
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index of at least R80.

[0009] In another embodiment of the present disclosure

dewaxing is accomplished by catalytic dewaxing.

[0010] In a preferred embodiment, a portion of the
hydrotreated raffinate is recycled and hydrotreated with fresh

raffinate.

[0011] In another preferred embodiment a portion of the
hydrotreated raffinate from the liquid-continuous reactor is
withdrawn and saturated with hydrogen then recycled back to the

liquid-continuous reactor.

[0012] In still another embodiment of the present disclosure a
Group I base oil is treated by a process comprising hydrotreating at
least a portion of said Group I base o0il in the presence of hydrogen
and a hydrotreating catalyst under effective hydrotreating
conditions in a liquid-continuous reactor to form a hydrotreated

Group I base oil.

Brief Description of the Figures

[0013] Figure 1 hereof is a simplified flow diagram of a
preferred embodiment of the present disclosure showing a solvent
extraction stage followed by a liquid-continuous hydrotreating

stage followed by a solvent dewaxing stage.
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[ 0009] I n anot her enbodi nent of the present disclosure dewaxing is
acconpl i shed by catal ytic dewaxing. [0010]In a preferred enbodi nent, a
porti on oVothe/deyzfeotreated raffinate is recycl ed and hydratSe@atexs2n t h
fresh raffinate. [0011] 1 n another preferred enbodi nent a portion of the
hydrotreated raffinate fromthe |iquid-continuous reactor is wthdrawn and
saturated with hydrogen then recycled back to the |iquid-continuous

reactor. [0012]In still another enbodi meht of the present disclosure a
Goup | base oil is treated by a process conprising hydrotreating at | east
a portion of said Goup | base oil_in the presence of hydrogen and a

hydr ot r eat i[A@1cHt al ydiicwmge? hgresdtisva sipapbiiehdloy diraramont anpther
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extraction stage followed by a liquid-continuous hydrotreating
stage followed by a catalytic dewaxing stage followed by a

hydrofinishing stage.

Detailed Description

[0015] All numerical values within the detailed description and
the claims herein are modified by “about” or “approximately” the
indicated value, and take into account experimental error and
variations that would be expected by a person having ordinary skill

in the art.

[0016] The present disclosure is directed to the preparation of
Group I and Group III lube base oils. API Publication 1509:
Engine Oil Licensing and Certification System, "Appendix E-API
Base Oil Interchangeability Guidelines for Passenger Car Motor
Oil and Diesel Engine Oils" describes base oil categories. A Group
II base oil will contain greater than or equal to 90 wt.% saturates
and less than or equal to 0.03 wt.% sulfur and will have a viscosity
index greater than or equal to 80 and less than 120. A Group 11l
base oil will contain greater than or equal to 90 wt.% saturates and
less than or equal to 0.03 wt.% sulfur and will have a viscosity
index greater than or equal to 120. The term “viscosity index” (VI)
refers to the measurement defined by ASTM D2270.

[0017] Feedstocks suitable for use herein are preferably one or
a combination of refinery streams having a normal boiling point of
at least 600° F (316° C), although hydrocarbon refinery streams
having initial boiling points as low as 435° F (224° C) can also be



[0013]Figure 1 hereof is a sinplified flow diagramof a preferred
enbodi nent of the present disclosure showi ng a solvent extraction stage
f ol | owed W9 2a12dospr2d- cont i nuous hydrotreating stage fol PoRas2dy/08253nl vent
dewaxi ng stage. - 5 - [0014]Figure 2 hereof is a sinplified flow di agram
of another preferred enbodi nent of the present disclosure showi ng a sol vent
extraction stage followed by a |iquid-continuous hydrotreating stage
fol l owed by a catal ytic dewaxi ng stage @Il oned by a hydro finishing stage.
Det ai | ed Description [0015]AIl nunerical values within the detailed
description and the clains herein are _rmdifi_edﬂl:%y "about" or
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atmospheric pressure of at least 600° F (316° C). While higher
boiling lube oil feedstocks can be processed in accordance with the
present disclosure, the preferred feedstock will have a boiling range
such that at least 85% by volume of the feedstock has a normal
boiling point of at most 1250° F (677° C), and more preferably at
most 1100°F (593°C). Such feedstocks, particularly vacuum gas
oils, will contain from 35 wt.% to 70 wt.% aromatics, at least 40%
of them being 2-ring and higher aromatics. Representative
feedstocks that can be treated in accordance with the present
disclosure include gas oils and vacuum gas oils (VGO),
hydrocracked gas oils and hydrocracked vacuum gas oils,
deasphalted oils, reduced crude, vacuum tower bottoms,
deasphalted vacuum resids. The nitrogen, sulfur and saturate
contents of these feeds will vary depending on a number of factors.
The preferred feedstocks for the present disclosure will have an
entrained oil viscosity of greater than 40. In a more preferred
embodiment, the entrained oil in the feedstock will have a viscosity

index in the range of 50 to 110.

[0018] Lube refineries are continually challenged to increase
throughput and to process more refractory feedstocks. Limitations
with respect to conventional solvent-based lube plants to
accomplish these objectives are the need for -cost-effective
debottlenecking to handle increased rate, and the poor yields
associated with the extraction of very refractory feeds.
Additionally, conventional solvent-based lube refining are typically
unable, without high-pressure hydrotreating capacity, to meet the

Group II aromatics specification (10 wt.% max).



[ 0016] The present disclosure is directed to the preparation of Goup IT and
Goup Il lube base oils. APl Publication 1509: Engine Q| Licensing and
Certifi cavoan12®8psi7em " Appendi x E- APl Base O | | nt er charg@aisotiitoy2522

Gui del i nes for Passenger Car Mdtor G| and Diesel Engine Ols" describes
base oil categories. A Goup Il base oil will contain greater than or equal
to 90 wt. % saturates and | ess than or equal to 0.03 w. % sul fur and w |
have a viscosity index greater than or e§ual to 80 and | ess than 120. A
Goup Il base oil will contain greater than or equal to 90 wt.% saturates
and less than or equal to 0.03 w.%sulfur and will have a viscosity index
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IBtlve measure of its change in viscosity
with temperature. The smaller the change in viscosity of an oil
with a given change in temperature the higher the VI value of the
oil. A high VI is desirable in high quality motor oils. The amount
of material extracted depends on the increase in VI required.
Extraction also reduces the Conradson carbon and sulfur content.
Low aromatic and sulfur contents are conducive to good oxidation

stability and color of the resulting base oils.

[0021] Solvent extraction is suitably carried out with solvents
such as N-Methyl-2-pyrrolidone, phenol, or furfural. The solvents
are chosen for their relative solubilization of aromatic-type

petroleum molecules, and for their relatively low boiling point,



7 - [0019] The process of the present disclosure represents a cost-effective
means for incorporating hydrotreating into a conventional sol vent-based

| ube refiwer2g12/00i7¢ di scl osure i s better understood w t RCTASe¢1@/0¢2522 0 t he
Figures hereof that illustrate the primary pieces of equipnent for
practicing a preferred enbodi nent of the present disclosure. Ancillary

equi pnent, such as val ves, punps, conpressors, heat exchanger, heaters and
the like are not shown for sinplicity refsons. Such ancillary equi pnent are
wel | known to those having ordinary skill in the art. A lube oil feedstock
I's conducted via line 10 to solvent extractjon stage 100. [0020] Sol vent

ext r act i on Which pgrnils caspaphrscparptigtesd thatsalysatafregn, g exdract.
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carried out with solvents such as N Methyl -2-pyrrolidone, phenol, or

furfural. Thesebremhextraaienhos&rcforrechsptvertsafopydedipiitingatinghude

arormtlc_t)ig%er—boiling paraffinic hydrocarbons such as ethane, propane,
butane, pentane, or mixtures thereof. Propane is a preferred
deasphalting solvent and pentane is a most suitable solvent if high
yields of deasphalted oil are desired. These lower-boiling paraffinic
solvents can also be used as mixtures with alcohols, such as
methanol and isopropanol. Solvent extraction severity is typically
maintained at sufficient conditions to produce an extracted oil
product when dewaxed having a viscosity index of at least 80,

preferably at least 95.

[0022] The solvent extraction process for the preparation of a
lube o0il feedstock useful in the present disclosure can be run at
lower severity than is commonly employed in the preparation of
high quality lubricating oil base stocks. Reduced solvent extraction
severity is seen in reduced solvent usage and/or in reduced solvent
extraction temperatures and can allow for increased throughput
through the extraction device. Decreasing the severity of the
solvent extraction step also results in higher yield, but it reduces
the VI of the entrained oil in the resulting raffinate. The “under-
extracted” raffinate has a higher concentration of aromatics and

heteroatoms, hence resulting in the need for an additional step to



petrol eum nol ecul es, and for their relatively low boiling point, -8 _

whi ch permts ease of separation of the solvent fromthe extract. The
extracti omotalee®3kace in a sol vent extractor. Any suit braSsaliwesk2
extractor can be used in the practice of the present disclosure.
Non-limting exanples of solvent extractors that can be used in the
practice of the present disclosure include rotating disc contactors, packed
towers, baffle trayed towers, and centri%ugal contactors. If an
asphalt-containing feedstock is used in the practice of the present
disclosure it is preferably deasphalted prior to solvent extraction.
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having a viscosity index of less than 75, preferably in the range
from 60 to 75. Likewise, if the desired viscosity index of the
Group II lubricating base oil is 95, solvent extraction is maintained
to produce a lubricating oil feedstock having a viscosity index of

less than 90, preferably in the range from 75 to 90.

[0024] Returning now to Figure 1 hereof, the extract from
solvent extraction 100 is sent, via line 11, for solvent recovery (not
shown). Solvent recovery technology is well known in the art and
a detailed discussion of it is not warranted in this application.
Solvent is typically recovered by conducting the extract to
equipment such as flash columns or steam strippers (not shown).
Multiple flash columns can improve overall heat utilization as
solvent recovered in higher pressure flash columns can be used
effectively to transfer heat content to hydrocarbon streams.
Process variables that affect solvent recovery include such things

as reflux ratios, pressure, temperature, and stripping steam within



[ 0023] Sol vent extraction conditions can be nmaintained to produce an oi
product having a viscosity index which is at least 5 |less, and preferably
in the ramgeofoo272o 20 | ess than the desired viscosityPChads010f0415h2

| ubricating base oil prepared by the present process. If the desired
viscosity index of the Goup Il lubricating base oil is 80, the solvent
extraction pre-treatnent step of the present process is maintained to
produce a lubricating oil feedstock havil@g a viscosity index of less than
75, preferably in the range from60 to 75. Likewise, if the desired
viscosity index of the Goup Il lubricating base oil is 95, solvent
extractionthe weinstedings 06 pebdene eontint caf | g oiaffinagstutd extasy a
viscosity index of |ess than 90, preferably in the range from75 to 90.

[ 0024] Ret uPHiS¥MAow to Figure 1 hereof, the extract from solvent extraction
100 is sent, via line 11, for solvent recovery (not shown). Sol vent
recovery technology is well _known in the art and a detail ed di scussion of
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static m xe Ves € no novi ng parts ntage e static

mixers of thes REETRBYe di18GH S UTTEh @y, théydtaice niix&rss theill viebahatdenbact
that static m xers have no noving parts, is that static mxers split the

st r eam hundnedsngopaetsen Theuadndatagetofrsbe static reduers mf ithe apasenitnuous

phase containing very fine_ droplets of discontinyous phase. This results in
a much Iar gbﬁc&ﬁﬁrﬁc@%ﬁ%ﬁméﬂl@o@bﬁ@@svﬁf]ﬁeﬁy&% c&ﬁ ><§F§.t static

R e N e R
excess gas ipgdRedyenbed oheef BHOWBANnELT &5t | YirheoM f19ast @esdfil¥ng in a
continuous phase containing very fine droplets of discontinuous
phase. This results in a much larger surface area when compared
with dynamic mixers. The gas-liquid mixture can also be flashed
in a suitable vessel before entering reactor 200 to remove at least a
portion of any excess gas. Alternatively, excess gas can be vented

(not shown) directly from reactor 200.

[0026] It may be necessary to recycle liquid product from the
liquid-continuous hydrotreating reactor to ensure that sufficient
hydrogen is present in the liquid phase for the reaction. The

recycled liquid serves as a carrier for additional solubulized



[0026] It may be necessary to recycle liquid product fromthe

| i qui d-conti nuous hydrotreating reactor to ensure that sufficient hydrogen
i s preserwoinizdos27ei qui d phase for the reaction. The re®g¢Tlusdoliiospsezl serves
as a carrier for additional solubulized hydrogen. Alternatively, or in
conbination with this liquid recycle, hydrogen may al so be added to the
reactor by wwthdrawing liquid at one or nore points, preferably at one or
more axial points, along the reactor, rddaturating the liquid with
hydrogen, then reinjecting it back into the reactor. This approach can be
used to reduce the anobunt of required liquid recycle. 100271Because the
liquid eff Ih)eiltogemmﬂhemﬂtllvei}anbalm opnbigiassm vedhgdds liquidreeycle,

Meceto o semme s dusp e a@?ﬁﬁ?@[& P itagﬁ o @5&?53’%%2'1155@%

excess gas fQef %rerrp&%j i ftéa élaatﬂl lat 'ﬂ 1 Qi l §S§ .
Hot %

product recovery equip |can 1y re ces e ¢os |cu y if

this discl Qﬁérféacﬁohiseésaftﬁfra@ ttheengekdng itk rgru@% Iﬂgeﬂm%aﬁﬁ cﬂit@ﬂ :
[ 0028] As previously nent | onedﬁ{gr)eact orq 200 usedin ! &
it back into the reactor. This approach can be used to reduce the

amount of required liquid recycle.

[0027] Because the liquid effluent from 200 will contain only
dissolved gas, it is not necessary to have a high-pressure separation
step downstream of the reactor. Only a low-pressure flash step is
needed to vent dissolved and excess gas before product
fractionation.  Elimination of high-pressure product recovery
equipment significantly reduces the cost, particularly if this

disclosure is used for debottlenecking in an existing lubes plant.

[0028] As previously mentioned, reactor 200 used in this
disclosure is operated such that the liquid phase represents the
continuous phase in the reactor. Traditionally, hydroprocessing,
including hydrotreating, is conducted in trickle-bed reactors where
an excess of gas results in a continuous gas phase in the reactor. In
a liquid-continuous reactor, the feedstock is exposed to one or
more beds of catalyst. The liquid raffinate preferably enters from
the top or upper portions of the reactor and flows downward
through the catalyst beds of the reactor. This downward liquid
flow can assist in allowing the catalyst to remain in place in the
catalyst bed. An advantage of liquid-continuous reactors is that
they operate near isothermally. Because there are substantially no
hot spots within the reactor, this allows one to tune the operation of

the reactor to more precisely meet product quality needs.



di sclosure is operated such that the |liquid phase represents the continuous
phase in the reactor. Traditionally, hydroprocessing, including

hydr ot r eawOregi2/Go327eonduct ed i n trickl e-bed reactors whePeTas2@i10e532 of gas
results in a continuous gas phase in the reactor. In a |liquid-continuous
reactor, the feedstock is exposed to one or nore beds of catalyst. The
liquid raffinate preferably enters fromthe top or upper portions of the
reactor and flows downward through the-da&tal yst beds of the reactor. This
downward liquid flow can assist in allowing the catalyst to remain in place
in the catal yst bed. An advantage of |iquid-continugus reactors is that
they oper atl@0R&r i seh Hey dePProcBudagsProaese tNpécallgsiny@ivas ¢xXpesHag
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catal yst i e presence-o rogen at effective hydroprocessing

condi ti ons paftididat theiory, Hauadcdyvanyioparlt irick Ry-bicke oeyctdm thecoeaoti onal
trickle- be&{l3 reactor, the reactor is typically operated so that three
"phases” afs fypisally i aperetackaze othatThbres df phasesssarg presgisan the

ds to,th | . _Anot.h bst anti al ti f,th t
Vol ume' s eagkEa thie BReTIRieEOSRE GHeTacoTreBRoniShac e st dee.
the hydrogefy, far hyﬂh%%%?g%am@a%ﬂail gp%{i' _SBFEH%' P@&ér&a%mmﬁ@g igt her

gases suchas contam nant gases that formduring hydroprocessing. The

anount of Rkygdngsied al fat sh@as phake Tgass biake Alskexoprdpiiise) nnplhdeant i al
excess relative to the anount required for the hydroprocessing reaction. In
a convent i ¢hel hydroges- fer hnedinprocassengoldptinpatlypsosee siycoatgasest. and

t he gas phase, can occu at | east 80% of the reactor vglune, or at Least
85% or ovaiich OREEt S8895 FHEN: S FORFURIARD  FastonHAY oo uring

f eedst ock. Vi i gha ri - fe j :

typi cal |y STURRRRNRUAGTC e SO PR hEBEhEEn EAS ShCAR R pRANE I o
or |less thagpl@dtlyorpregenitt han sabstdatial r exess trbkativauicd frhedsiraekn | |
not forma continuous phase. Instead, the liquid "phase" will include, for
exanpl e, thequirdédsfof thedbydrkprhatssion rercthgur opdnces s¢ogventianadt
particles. 100301Wthout being bound by .any parti.cular theory, .a liquid-
cont i nuous Fickdedhedriiacdes aheisquléaehydfgmﬁg%?SﬁiP&cs%@a@tJmr Af as
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hydrotreati ng catal yst. The second phase is a |liquid phase corresponding to
the raffindigquid f8edstock. In a conventional trickle-bed reactor, the
feedstock will typically only occupy a small portion of the volume,
such as less than 20%, or less than 10%, or less than 5%. As a
result, the liquid feedstock will not form a continuous phase.
Instead, the liquid “phase” will include, for example, thin films of

feedstock that coat the hydroprocessing catalyst particles.

[0030] Without being bound by any particular theory, a liquid-
continuous reactor provides a different type of processing
environment as compared to a trickle-bed reactor. In a liquid-
continuous reactor, the reaction zone is primarily composed of only
two phases. One phase is a solid phase corresponding to the
hydroprocessing catalyst, in this case a hydrotreating catalyst. The

second phase is a liquid phase corresponding to the raffinate



feedstock. The liquid feedstock phase will be present as a continuous phase
in the |iquid-continuous reactor of the present disclosure. In an

enbodi merwQ 20tea0B37dr ogen that will be consuned during tReThisdeiosrsat i ng
reaction is dissolved in the |liquid phase. Depending on the quantity of
hydrogen used, a portion of the hydrogen can also be in the form of bubbles
of hydrogen in the |iquid phase. This hydrogen corresponds to hydrogen that
is in addition to the hydrogen di ssolved3in the liquid phase. In another
enbodi ment, hydrogen dissolved in the Iiquid phase can be depleted as the
reactions progress in the |liquid-continuous reactor._ In such an enbodi nent,
hydr ogen i deedateskpreddit liguide fesdstoek gdwnes wikbike papsesdt va into

the liquid phase to resaturate,the.liguid phase and provid ddi ti onal
hydrogen P RBUPESCPPERE it isurbcomiRiSpEatedrton BT, His gyesent
enbodi ment gisEss el UM LECHPbBH e, 188 @sGziA thae WillBdxeaRlinEqus
reactor can be less than 10% of the reactor” volunme, or even |l ess than 5%
[ 0031] The Iduning fleedhtdrdtheatiagctenciitn is dissbbrablin thediquid iplase.

hydr ogen-contai ning treat gas. The hydrogen-containing treat gas wl|
pr ef er abl y [2epending: onedbe spapging o?f fyadoyeen wsed, pt eperddny oft theast

80 vol % eyen,nore preferably at |l east. 90 vgl & d npst ef er abl t
Ceast. ob v aRan St IS8 Heptn yBR: tormy orh PhEHIFs o hbdroses i fiter o
t he react onf; 01, . t i Fﬁ% rs e
l'iquid Ievé‘[qllﬁ)lr(li e réag?glrlgﬁgygfgggﬁa ﬁ§f€0§ nt r% Itfé{jq?odljta%efrﬁ?gg?clast :’ﬁ]yst
in the reacidatition coniheehgidrogeti edss¢lO@IR jh nheoheddbpiasent b drgher

hydrotreating reactions in a bed, stage, and/or reactor can require nore
hydr ogen t ifanbeshnintdi dsuiragen ndissolvieskhin i e d Ifqpeidl phasecisan be

nbodi t - 14 - nore techni ques can,be .used to provi de
addi ti onal RRIEERRS e TRBchOiRoProgresy 1R Hghidcrentmians reastor.

| ' - : e ¢ . i op rof
CPovebr Tnfrshen o LABAURALGL HORLERD IERRAAL pfLdBRY i RLROMOBO!
have a redyegedindbaddies @asldpidcIveaintd taIERSiBphiaket fty eegiturAte the

hydrotreating stage. Additionally, the solubility of the recycled feed can
be hi gher tigwich ploagaraniepraopide cadditipvad. hxsdragessflor, thecreattigna

portion of recycled produgct with fre feed can increase the_ anmunt of
hydr ogen atakins| Rlacs: 1 kg FERCIRT: b lthe Ftedn grabediments, the Volume
occupied by a gas phase in the liquid-continuous reactor can be less

than 10% of the reactor volume, or even less than 5%.

[0031] The liquid feed to the reactor 200 is preferably mixed
with a hydrogen-containing treat gas. The hydrogen-containing
treat gas will preferably contain at least 50 vol% of hydrogen, more
preferably at least 80 vol%, even more preferably at least 90 vol%o,
and most preferably at least 95 vol%. Excess gas can be vented
from the mixture before it enters the reactor, or excess gas can be
vented directly from the reactor. The liquid level in the reactor is
preferably controlled so that the catalyst in the reactor is

completely wetted.

[0032] In some embodiments, the hydrotreating reactions in a
bed, stage, and/or reactor can require more hydrogen than can be

dissolved in the fresh liquid feed. In such embodiments, one or



[ 00331Anot her option is to introduce additional streans of hydrogen into
the hydrotreating reactor directly. One or nore additional hydrogen streans
can be i nwpadomee7at any conveni ent |ocation in the reaeComus20iheszddi ti onal
hydrogen streans can include a stream of make-up hydrogen, a stream of
recycl ed hydrogen, or any other conveni ent hydrogen-containing stream In
sone enbodi nents, both product recycle and injection of additional hydrogen
streams al ong the axial dinension of thd%eactor can be used to provide
sufficient hydrogen for a reaction. 100341l n enbodi nents involving recycle
of the liquid- continuous hydrotreated product for use as part of the input
to react or IROTE leghnigues can bresamd tatPIsyV ids additbenpl bysogeatier theo t he

f h.feed i 200 will b I 0. .
fenst 1 t o Byt Eftingnteadii§h 0'QREaBhaR 1§ 6 rpfBRle S hdiich fF B
product 1 eqelddiOfidif ﬁfee%hc%r.f r &shef e E HoRfor &P %o@udteﬁﬁat Rhas3 tO

1 or less, 'or 2 to 1 or ss. - 15 - optionally on a support. Any suitable
refract ory adtppdy t pasded i thiroeagh be lgddoireatitg: ptagei ceilbflikbly kasel asure.
Non-limting exanples of such suitable support materials include alum na,
silica, silrFdacaduhy@rogenasPasumMptiont s sit| iRagsgpuszgan taramaht thas of
t he above.  (Ex | es,.of oup Vi tal s.that, can be.used herein inchude

nol ybdenumh}fcg{%g?%ﬂ?gogaag ‘onﬁgﬂgfeﬁ%ﬂapﬁfergﬁ S(g}liﬂﬁl% sObf g d‘ﬁﬁy@h?&
nmetal s that n sherei p.hachu b okl ﬁ?ﬁﬁjotc:e' n

conbi nat i or%etahgrgglo?)%e%%ﬁgogﬁésﬂr%fg??&%l tolﬁer elrn ar eslsgg %ﬁ%d ipﬁst?\e

Sar gent - elrebuRerinethidighl eortide (EHeampilics] peodiuicyhwveth ifresto@8etycahe
Sargent - Wl ch Scientific Conpany. Preferred catal yst conpositions contain
in excess dhctcaRe ¥her anpovns @%tfw@roger@f@vaﬂaivl% for reagtion weithhb#aeum
and/ or tung}stelg, aad at least 0.5 wt.% and generally 1 to 15 wt. % of

ni ckel andAB¥SREBSHt determined as the corresponding oxides. Hydrotreating
catal ysts of this type are readily available fromcatal yst suppliers. These

catal ysts are generally presul fided using H2S or other suitable sulfur
cont ai ni ng [ unds ANotise] BaPlomulisi et Hirpdusst additionaln strepmpeofised

catalysts Aot g he barBIRGHRR, oadb B ESAN o Ry Tnopt "
6,299, 760, AlditRindth 'artag%ﬂ @ﬁ@q‘fﬁé%@? bergitFodvceal 8f ehie col\fersidd! yst s

described in these paten are bu imetallic catal ysts conprised of at
| east one Goedpiod lin ndie nehictoret alhendidatiticast HydrdgoupsireBmet ehs,
wherein the ratio of Goup VIB netal to Goup VIII non-noble metal is from
10: 1 to 1: iocludese sireamstel amaks-ayarbydregana pr stiaadnr Haviesycled

fornmul a: . ..
ormit a hydrogen, or any other convenient hydrogen-containing stream. In

some embodiments, both product recycle and injection of
additional hydrogen streams along the axial dimension of the

reactor can be used to provide sufficient hydrogen for a reaction.

[0034] In embodiments involving recycle of the liquid-
continuous hydrotreated product for use as part of the input to
reactor 200, the ratio of the amount by volume of product recycle
to the amount of fresh feed into reactor 200 will be at least 0.5 to 1,
or at least 1 to 1, or at least 1.5 to 1. The ratio of the amount by
volume of product recycle to the amount of fresh feed can be 5 to 1

or less, or 3to 1 or less, or 2 to 1 or less.

[0035] The hydrotreating catalyst of the present disclosure will

contain at least one of Group VIB and/or Group VIII metals



WO 2012/ 003272PCT/ US2011/ 042522 - 16 - where X is a Goup VIII non noble
metal, wherein the nolar ratio of and a, b, and c, are such that

0. 1<(b+c)wb<atr/o031d z = [2a + 6 (b+c)]/2. The precur sor PRRAIS2O N MY2522
diffraction peaks at d = 2.53 and 1. 70 Angstrons. The precursor is sulfided
to produce the corresponding activated catal yst. 100371The degree of
aromati cs saturation and desul furization activity of the catal yst may be
found by experinmental means, using a fed@ of known conposition under fixed
hydrotreati ng conditions. [0038] Control of the reaction paraneters of the
hydrotreating step also offers a useful way of varying product properties.
As hydr ot r eatieratlEnpar atsHRPPHer eAsds sH )éﬂ@glfe‘eféaémla’e%‘mﬂritz@tait%ﬁa

i ncreases; although hydr.ogepation is _an_gxgt.-herym ¢, r tio Y .

| ower t enp&fEt ees‘,lsﬁésdpf SBFzﬁriaSHCL?su%ﬁﬁjlﬁe(ﬁﬂ%&e%sq‘g%ﬁe W %é' g%@ﬁfﬁ of
het er ocycl i gpé;y ' ' in are
favored by eﬁﬁagﬁ r tgqrr;sedrcg% gﬁgg%l?%ﬁhlggﬁg%{p%?gﬁddsgﬁggﬁiﬁgﬂtﬁ %H{h{}gilcuﬂcﬁléati ng
step can begilieanilamnath,atiténiagldiecdrlawilive-thieshal ¢cahbihatbnexatskéve

desul furization takes place, products_ of inproved oxidation stability are
obt ai ned. Wbsnves bEasmaples aflhrenp nVdit mesalsndbatmarbbe psad, dikdeiRat i ng

catal yst is _use t enperat ures of  400F to 800QF (205C tp.427C), erably
600F to 756\3‘3@9‘%‘60 ?{Balé' s - DERET e d Of or goSg%ﬁ}rbaf\[r‘?be gjﬁg{)ei(fj]aty
Space vel ogifyjdlekh 87 nfbS9s OffRT Saft BE! 88EHAhetO include
desul furi zaﬁ%%rrll{ﬁggﬁt rsglr%\?\nbtﬁw ?ﬁe hi g ers\?%{ oc??f}es correspgndinngmt oul ower
severities giekel! tobalt) izohedsie tiopnbimatibasddurreeof AldsGirburpiszed ferned The
hydrotreated product preferably has an organic sul fur content of |ess than
300 wopm poehereinl are¢ exss fonad poshepPargent-Welch Periodic Table of the
Elements copyrighted in 1968 by the Sargent-Welch Scientific
Company. Preferred catalyst compositions contain in excess of 5
wt.% Group VIB metals, preferably 5 to 40 wt.% molybdenum
and/or tungsten, and at least 0.5 wt.%, and generally 1 to 15 wt.%
of nickel and/or cobalt determined as the corresponding oxides.
Hydrotreating catalysts of this type are readily available from
catalyst suppliers. These catalysts are generally presulfided using

H,S or other suitable sulfur containing compounds.

[0036] Bulk multimetallic catalysts can also be used for
aromatics saturation in the practice of the present disclosure. Such
catalysts are described in U.S. Patent Nos. 6,156,695; 6,162,350;
and 6,299,760, all of which are incorporated herein by reference.
The catalysts described in these patents are bulk multimetallic
catalysts comprised of at least one Group VIII non-noble metal and
at least two Group VIB metals, wherein the ratio of Group VIB
metal to Group VIII non-noble metal is from 10:1 to 1:10. These

catalysts are prepared from a precursor having the formula:

(X)a (Mo), (W)q O,



- 17 - [00391Vvariation of hydrogen pressure during the hydrotreating step
al so enabl es the desul furization to be controlled with | ower pressures
gener al | ywbeadiooge72o | ess desul furi zation as well as a lPomars2aiendgspzy to
saturate aromatics, and elim nate peroxi de conpounds and nitrogen, all of
whi ch are desirable. A balance may therefore need to be achieved between a
reduced degree of desulfurization and a loss in the other desirable effects
of the hydrotreating. Generally, pressud®s of 200 to 2200 psig (1480 to
15300 kPa abs) are satisfactory with pressures of 1000 to 1500 psig (7000
to 10450 kPa abs) giving good results with appropriate_selection of petal
function awdhetendf isendsionpcYili nosnsokdgemeipl.r whgneyn ghedeelasi 59 on of

t he desul furj zati on, t aki place wyith a given feed. 040 dro atipg is
per f or med dRi Ry aé“?%ed%‘ieoék‘\é%’o%a%gdrgf?géﬁ&hﬁi@ataad% _uﬁi%grjt 6
effective r atg L.t f ; (o} [ condsgi

i ncl ude teﬂ%gfgi}gra'etsmgﬁ‘g pggeﬂggglgﬁégo)g I{agcgggga@%regsfggggg E?[?%m %Sogtéom%zoo
psi, a |iqyigohodhlostedace VeTor tprddiS¥r owersulfeddgdrot rpatdunge cahal yst
of 0.2 to 5, and a treat gas rate of 500 to 10,000 standard cubic feet per
barrel (sciorb¢ypondingiddtivatedheatadyBbdi nent, the tenperature, pressure,
and LHSV for a liquid-continuous reactor can be conditions suitable for use
in a trickle-bed reactor. [0041]1n enbodi nents where excess gas is vented
from the |i[Qo3d] t he Fivaidablee bfdangemtios sheurabon candodessifontztiont he
anount of hydrogen dissolved in the liquid. Thus, a_higher treat gas rate
may not | eagttdtumt Hee satalyst My ReotiindbmexnabmerHplBgans: I§13%ch a
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[0038] Control of the reaction parameters of the hydrotreating
step also offers a useful way of varying product properties. As
hydrotreating temperature increases the degree of desulfurization
increases; although hydrogenation is an exothermic reaction
favored by lower temperatures, desulfurization usually requires
some ring-opening of heterocyclic compounds to occur and these
reactions being endothermic, are favored by higher temperatures. If
the temperature during the hydrotreating step can be maintained at
a value below the threshold at which excessive desulfurization
takes place, products of improved oxidation stability are obtained.
When a bimetallic such as nickel-molybdenum for the
hydrotreating catalyst is used, temperatures of 400°F to 800°F
(205°C to 427°C), preferably 600°F to 750°F (316°C to 399°C) are
recommended for good oxidative stability. Space velocity in the
hydrotreater also offers a potential for desulfurization control with
the higher velocities corresponding to lower severities resulting in
a reduction in the degree of desulfurization. The hydrotreated
product preferably has an organic sulfur content of less than 300

wppm, preferably less than 200 wppm.



The hydrogen solubility limt for a typical hydrocarbon feedstock is 30
scf/bbl to 200 scf/bbl. [0042] One advantage of a |iquid-continuous reactor
is that awbanp®oexeess of hydrogen does not have to be fPea/useottiiog2seract or.
The use of a | arge excess of hydrogen typically requires conplex and
expensi ve separation equi pnent to allow for recovery, and often recycling,
of the excess hydrogen. Typically the recycle conpressor used for hydrogen
recycle in a trickle-bed reactor correspdnds to 10 to 15% of the total cost
of the erected processing unit. Instead, it is desirable for a

| i qui d-continuous reactor will desirably supply only an anpunt of hydrogen
conpar abl e [003%e andimtiatieored hydregen dnessvee shimperduchysiotigating

?‘Eékﬁi‘%ﬁ CEiemiatspo shebpncihc AWRRaER T 1005 e PRt IEdaD Ko
100431Ret | | '
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i's primarijgwesieingkeh®f eXCeasulitdr egemmatidsgoahdni dlantingas epesogidas
amoni a and H2S, is separated fromthe hi;glr otreated liquid raffinate phase.
The gaseousophpeairsknand nidneganoalkehtwhich laraedagrable.f Ar bakangs se@%si ng

or recycle. The_hydrotreated, |liquid.raffinat h ' d via l.i
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chill ed dewaxi ng solvént to forman oil-solvent solution and precipitated

wax is therlée¥@@kPa abs) are satisfactory with pressures of 1000 to 1500 psig
(7000 to 10450 kPa abs) giving good results with appropriate
selection of metal function and other reaction conditions made
empirically by determination of the desulfurization taking place

with a given feed.

[0040] Hydrotreating is performed by exposing a feedstock to a
hydrotreating catalyst under effective hydrotreating conditions.
Effective hydrotreating conditions include temperatures of at least
600°F to 750°F, pressures from 200 to 2200 psi, a liquid hourly
space velocity (LHSV) over the hydrotreating catalyst of 0.2 to 5,
and a treat gas rate of 500 to 10,000 standard cubic feet per barrel
(scf/bbl). In still another embodiment, the temperature, pressure,
and LHSV for a liquid-continuous reactor can be conditions

suitable for use in a trickle-bed reactor.

[0041] In embodiments where excess gas is vented from the
liquid, the available hydrogen in the reactor corresponds to the
amount of hydrogen dissolved in the liquid. Thus, a higher treat
gas rate may not lead to an increase in the amount of available
hydrogen. In such a situation, the effective treat gas rate within a

reactor may be dependent on the solubility limit of the feedstock.



WO 2012/ 003272PCT/ US2011/ 042522 - 19 - separated by, for exanple
filtration. The tenperature and solvent are selected so that the oil is

di ssol vedwbyotme3zzhi | | ed sol vent while the wax is preci pcratsea.1/ok2522 hi s
case, the raffinate feed is hydrotreated before being sent to dewaxing.

[ 0045] A preferred sol vent dewaxi ng process involves the use of a cooling
tower where solvent is prechilled and added increnentally at several points
al ong the height of the cooling tower.-T8e oil-solvent mxture is agitated
during the chilling step to permt substantially instantaneous m xi ng of
the prechilled solvent with the oil. The prechilled solvent is_ added

i ncr enent alllye dnodpgdr sadpfilitylinré uofi npicahdty dipearton dseAseFK an
average chi.l L at b 10 F per mnute, usually between 1 to 5F
per m nutel® %ﬂ;g?fﬁiﬁ @e%ﬁ@rsﬁeéﬁggl‘of the oil-sol vent/precipitated wax

m xture in the cooling tower will usually be between 0 and 50F (-17.8 to

10C). The mxture nmay_then _be sent t% a scraped surface chiller, to separate
preci pi t at d80d2] r ofPREcAdYRILRSZE O @46ﬂqLH%g§ﬂBF‘é1‘%°1ﬂ$lée§%%tlso alofvent
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i ntermedi ate pour point, preferably |eSs than +10C. [[00471Non-limtin
exanpl es ofambvexpagsise \seqarativat apnihecnsetb i alloke foratcosstryf am
present disclosure include aliphatic ketones having 3-6 carbgn atons _such
as nethyl &fbgn m)ﬁﬂéngndoﬁéhﬁylem&ﬁﬁumd%%e,g}fm%ﬁéc S rrefRicdfit
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unit. Instead, it is desirable for a liquid-continuous reactor will
desirably supply only an amount of hydrogen comparable to the
amount needed for a hydroprocessing rcaction and to mitigate
catalyst coking. For example, a hydrotreating process can consume
from 150 scf/bbl (27 sm’/m’) of hydrogen to 1000 scf/bbl (180

sm>/m?).

[0043] Returning now to Figure 1 herecof, the effluent stream
from 200 is conducted via line 16 to separation zone 300 wherein a
gaseous phase, which is primarily comprised of excess hydrogen
and contaminant gases such as ammonia and H,S, is separated
from the hydrotreated liquid raffinate phase. The gaseous phase
can be vented or sent via line 18 for further processing or recycle.
The hydrotreated liquid raffinate phase is conducted via line 20 to
dewaxing stage 400. Although dewaxing stage 400 can be cither a
solvent dewaxing or catalytic dewaxing process, for purposes of

this Figure 1, the dewaxing stage is solvent dewaxing.

[0044] Solvent dewaxing typically involves mixing a raffinate
feed from the solvent extraction unit with chilled dewaxing solvent

to form an oil-solvent solution and precipitated wax is thereafter



- 20 - useful herein are disclosed in U S. Pat. Nos. 3,773,650 and
3,775,288 both of which are incorporated herein in their entirety by

ref er encewO[20483Ret urni ng again to Figure 1 hereof twoPSTSang/0a252

coll ected from sol vent dewaxi ng stage 400. A precipitated wax via |line 22
and a Goup Il or Goup IIl base oil via line 24. 100491Figure 2 hereof is
a schematic flow di agram of anot her enbodi nent of the present disclosure
wherein catal ytic dewaxing is used insté&8d of sol vent dewaxing. All
conponents and nunbers of this Figure 2 are identical to that of Figure 1
hereof up to and including hydrotreating zone 200. The hydrotreated

raf fi nat e stpeaatcid biy.sEpacatample ofikrabon. sThgs i@ paratire b sadvent

catal yti c dewaxi ng. stage,400.. The dewaxed st ' | ' 30 t
cecond sepataaURCoh OGRS &1 it Abot o Fouths e L Bl as an
Off- gas Vi gnb! RFak2 i8Ndspiaresed Ithauds etheenine! raffihafe PRsegd iyi a
line 34 to stripper 700 to Tenove any remai ni ng gaseous noi eties. The

resul ting GyQitotidated Bedoie beinfasmtad desvandhlgected via |ine 36, which
base oil will at |least neet the APl Goup IT base oil requirenents as

previously discussed. 100501l nstead of conducting the effluent streamfrom
hydr ot reat ijpg45)age %%{ﬁg%&f@%ﬁt 2005 a%0Al br&88s2liheblaés thkyube

conducted, 'via lI'ines 1 20 directly to dewaxi ng stage 500. Because
cont am nanipfgasesovsléngottovespvedhaid h solivenal ier maeichelletdheandweadded
catal yst would operate in a sour environnent, thus hydrogen consunption
woul d” be r éhar¢wsintallywatpsewerakl peirdsyplenggthachgisht fof thegGo® te&ycl e
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to permit substantially instantaneous mixing of the prechilled
solvent with the oil. The prechilled solvent is added incrementally
along the length of the cooling tower so as to maintain an average
chilling rate at or below 10° F per minute, usually between 1 to 5°F
per minute. The final temperature of the oil-solvent/precipitated
wax mixture in the cooling tower will usually be between 0 and
50°F (-17.8 to 10°C). The mixture may then be sent to a scraped

surface chiller to separate precipitated wax from the mixture.

[0046] In general, the amount of solvent added will be
sufficient to provide a liquid/solid weight ratio from 5 to 1 to 20 to
1 at the dewaxing temperature and at a solvent/oil volume ratio at
1.5to 1 to 5to 1. The solvent dewaxed oil is typically dewaxed to

an intermediate pour point, preferably less than +10°C.

[0047] Non-limiting examples of dewaxing solvents that can
be used in the practiced of the present disclosure include aliphatic
ketones having 3-6 carbon atoms such as methyl ethyl ketone and
methyl isobutyl ketone, low molecular weight hydrocarbons such
as propane and butane, and mixtures thereof. These solvents can
be mixed with one or more other solvents such as benzene, toluene

or xylene. Further descriptions of solvent dewaxing processes



-21 - streamfrom hydrotreating stage 200 be first passed to separation
zone 300 instead of being directly passed to dewaxing stage 500.

[ 0051] Catwibybizoszeaxi ng is performed by exposi ng the hpdraSeaaters2?
raffinate to a dewaxi ng catal yst under effective (catalytic) dewaxing
conditions. Effective dewaxing conditions can include a tenperature of at
| east 500F (260C), or at |east 550F (288C), or at |east 600F (316C), or at
| east 650F (343C). Alternatively, the t‘éﬁHE{)erature can be 750F (399C) or

| ess, or 700F (371C) or less, or 650F (343C) or less. The pressure can be

at Ieast 200 p5| (1.4 MPa), or at least 400 psig (2.8 MPa), or at |east
750 psig (31sef) aﬁerérnaarceahﬁclrm@l pi1 gU.6.0 Bafa) Nast e317:%3.680), ande

ees, “or 1009 st 50808 el iR Tttt g s T e e

l'iquid hourbYesfifce velocity (LHSV) over the dewaxing catal yst can be at
least 0.1 hr-1, or at least 0.2 hr-1, or at least 0.5 hr-1, or at least 1.0
hr-1, or at Ieast 1.5 hr-1. Aternatively, the LHSV can be 10.0 hr-| or

| ess, or 5. 0 hr | ess.

still anot h[%dH n]bo rr%%ﬁfﬂ}lﬁg cg%Br é?u?{%g %egs eéeog Ewg@%ref%rps are

li qui d- contddlvested ﬁaﬁh%o%htb@emlﬁ@@ta@wdw Opégtr isithtod Waed igr a
trickle-bed reactor. [0052] Catal ytic dewaxing involves e renoval and/ or
i someri zat ilome @2 Andga €hedup I araGiromipe T iobaowloés via dind @ads. Catal ytic
dewaxi ng can be acconplished by selective cracking or by hydroisonerizing
these linear nol ecul es. Hydrodewaxi ng catal ysts can be selected from

nol ecul ar 0OBH suclFigaire’ Yiédddnps al sehdesitld TR RS diZeRlht 8F)arfither

silico-al um nophosphates (SAPOs). In an enbodi nent, the Tol ecul ar sieve can

be a 1-D ormbbDdime@2t of the present disclosure wherein catalytic dewaxing
is used instead of solvent dewaxing. All components and numbers
of this Figure 2 are identical to that of Figure 1 hereof up to and
including hydrotreating zone 200. The hydrotreated raffinate
stream from separation zone 300 is passed via line 20 to catalytic
dewaxing stage 400. The dewaxed stream is passed via line 30 to
second separation zone 600 where a gaseous effluent stream is
removed as an off-gas via line 32 and the dewaxed liquid effluent
stream is passed via line 34 to stripper 700 to remove any
remaining gaseous moieties. The resulting Group II or Group III

base oil is collected via line 36, which base oil will at least meet

the API Group II base oil requirements as previously discussed.

[0050] Instead of conducting the effluent stream from
hydrotreating stage 200 to separation zone 300 it can alternatively
be conducted, via lines 17 and 20 directly to dewaxing stage 500.
Because contaminant gases are not removed with this alternative,
the dewaxing catalyst would operate in a sour environment, thus
hydrogen consumption would be relatively low, potentially
obviating the need for liquid recycle to the dewaxing reactor if it

were a liquid-continuous reactor. It is preferred that the effluent



nmol ecul ar sieve. | n another enbodi ment, the nol ecul ar sieve can be a

10- menber ring 1-D nol ecul ar sieve. Exanpl es of nol ecul ar sieves which have
shown dewswizop/@msievity in the literature can include ZBENAB201Z8M522,

ZSM 23, ZSM+ 35, Beta, USY, ZSM 5, and conbinations thereof. In an

enmbodi nent, the nol ecul ar sieve can be ZSM 22, ZSM 23, ZSM 35, ZSM 48, or a
conbi nation thereof. In still another enbodi ment, the nol ecul ar sieve can
be ZSM 48, ZSM 23, ZSM5, or a conbi natiZdn-thereof. In yet another

enmbodi nrent, the nol ecul ar sieve can be ZSM 48, ZSM 23, or a conbination

t her eof . QOtl onal |y, the dewaxing catalyst can include a binder for the

nol ecul ar SN §{RM éi@fcmq}ﬁﬁ:aatangt ptags 20Qihg darstspassed dousfparation

ncrude a mevg SHRIDIERS P L REAER e R bitRe A RO TP 5P,  °°

Suitable Goup VIII netals can include Pt, Pd, Ni, or a conbination
thereof. T Xi ng. cat al st can incl ude at least 0.1 % of a Goup VIII
metal , or Q‘ﬁ(ﬁ&t 0. awcl%t r dgWvaeing wsn&r%rmﬁdat %wea%p@smm €or at

| east 2.5 W %o d st
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conjunctio
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dewaxi ng catalyst can in O ww%or less of a Goup VIB netal, or
15. 0 wt % orprlessare @anlBbe Gitvicdso20Epsig @i .45 . NI R Yoot al kssst 400 b@gv@%or
| ess. I n an enbodi nent, the_dewaxing catalyst can include Pt or a
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less, or 1500 psig (10.4 MPa) or less, or 1000 psig (6.9 MPa) or
less, or 800 psig (5.5 MPa) or less. The liquid hourly space
velocity (LHSV) over the dewaxing catalyst can be at least 0.1 hr',
or at least 0.2 hr'!, or at least 0.5 hr'!', or at least 1.0 hr'l, or at least
1.5 hrl, Alternatively, the LHSV can be 10.0 hr! or less, or 5.0
hr! or less, or 3.0 hr! or less, or 2.0 hr! or less. In still another
embodiment, the temperature, pressure, and LHSV for a liquid-
continuous reactor can be the same conditions typically used for a

trickle-bed reactor.

[0052] Catalytic dewaxing involves the removal and/or
isomerization of long chain, paraffinic molecules from feeds.
Catalytic dewaxing can be accomplished by selective cracking or
by hydroisomerizing these linear molecules. Hydrodewaxing
catalysts can be selected from molecular sieves such as crystalline
aluminosilicates (zeolites) or silico-aluminophosphates (SAPOs).

In an embodiment, the molecular sieve can be a 1-D or 3-D



hydr ogen-contai ning treat gas can be added as needed upstream of the

catal ytic dewaxing reactor. The effluent fromthe catal ytic dewaxi ng zone
can then we 2003170 a | i qui d/ gas separator wherein the gasasosiioifskuent is
separated fromthe liquid effluent. The gaseous effluent, can be vented or
sent to further processing and the liquid effluent can be sent to a
stripper to renove |ight byproducts. 100561It is within the scope of this
di scl osure that there be two dewaxing st2bs run in parallel. One dewaxing
step woul d be sol vent dewaxi ng and the other catalytic dewaxing. One type
of base oil can be sol vent dewaxed while another is catalytically dewaxed.
If it is devoledular pravcucdnGrowpher drabedinhent,nthe conlecularnsile vieubenpl ant

and to increase, hase oil product, the addition of hoth hydr.ot reati ng
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passed metal, or at least 0.3 wt%, or at least 0.5 wt%, or at least 1.0 wt%,
or at least 2.5 wt%, or at least 5.0 wt%. Alternatively, the
dewaxing catalyst can include 10.0 wt% or less of a Group VIII
metal, or 5.0 wt% or less, or 2.5 wt% or less, or 1.5 wt% or less, or

1.0 wt% or less.

[0054] In some embodiments, the dewaxing catalyst can also
include at least one Group VIB metal, such as W or Mo. Such
Group VIB metals are typically used in conjunction with at least
one Group VIII metal, such as Ni or Co. An example of such an
embodiment is a dewaxing catalyst that includes Ni and W, Mo, or

a combination of W and Mo. In such an embodiment, the



to a separation zone wherein a gaseous effluent streamis separated from
the resulting |iquid phase |ube oil base stock. The gaseous effl uent
stream awpantiose7ef which will be unreacted hydrogen- ceoraiseéing4iseezat gas
can be recycled to hydrotreating stage 200. The resulting | ube oil base
stock, will nmeet Goup Il or Goup IIl base oil requirenents. [0059] Al l
patents and patent applications, test procedures (such as ASTM net hods, UL
met hods, and the |ike), and other docum&®s cited herein are fully

i ncorporated by reference to the extent such disclosure is not inconsistent
with this disclosure and for all jurisdictions in which such incorporation
i s pernittaewpsoeg]) vnelystumsan dacludaent |least O.anavidemedi s aGroppeVIBnits

cont enpl at dicvgmitrafiEasy BB BRiearfen Ve e Bhicarb o) Vhdve
been descrikpd 'fi%@?[ tth%“ﬁ@ﬁdé)&’ingn afh] stb@amgi%paae@okg%%%k%%sot her

nodi fications w be” apparent to be rea y nade by those skilled

in the art off 4 GudbupevaR nmetdl] o I H€) sPichi br d8sk, SEONO . 0fwitdhe i kekodur €.
Accordingly, it is not intended that the scope of the clains appended

hereto be 15-A veta ®n Hesexampiled andedasciepsi ol go embadimaent,n that

ther that,the clai t.r ued i LI the feat f
hat ont abl 6 JRVERIGEITER ToeRRdNGIICRP b Caa ke B ENnREON Hepishing I8l |
pat ¢ ! | ng Al
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been descriNed Mbavyel W1 INT ghdrenseot NNWAEraug ishodi nents and specific
exanpl es. Many variations will suggest thenselves to those skilled in this

art in
[0055] In the case where catalytic dewaxing is used, makeup

hydrogen-containing treat gas can be added as needed upstream of
the catalytic dewaxing reactor. The effluent from the catalytic
dewaxing zone can then be sent to a liquid/gas separator wherein
the gaseous effluent is separated from the liquid effluent. The
gaseous effluent, can be vented or sent to further processing and
the liquid effluent can be sent to a stripper to remove light

byproducts.

[0056] It is within the scope of this disclosure that there be two
dewaxing steps run in parallel. One dewaxing step would be
solvent dewaxing and the other catalytic dewaxing. One type of
base o0il can be solvent dewaxed while another is catalytically
dewaxed. If it is desired to produce Group II base oils in a
conventional lube plant and to increase base oil product, the
addition of both a hydrotreating process unit and a dewaxing unit
would be required. In such a case catalytic dewaxing would be
preferred because it would be the least costly option and would be

well integrated with the hydrotreater.

[0057] It will be understood that a hydrofinishing step can

follow cither solvent dewaxing or catalytic dewaxing. If catalytic



- 26 - light of the above detail ed description. Al such obvious variations
are within the full intended scope of the appended clainms. - 27 - CLAIMS:
1. A procwe=0famo3i7he producti on of | ube base oil, whi chPpTaiSe&is/ oesapri si ng:
i) solvent extracting a |ube oil feedstock containing heteroatons and
aromatics and having a viscosity index with an extraction solvent, at

sol vent extraction conditions, wherein an extract streamand a raffinate
stream are produced, and wherein the raffd nate streamcontains a smaller
fraction of heteroatons and aromatics and has a higher viscosity index than
t he | ube oil feedstock; i) hydrotreating at |east a portion of said
raf fi nat e idewhsipgedsensedofit riycpltﬁtﬁénrqhdhat wgﬂnwinoef'amishvgngaswg/iolmer

effective hydrotrceati ondi ti.ans i.n a |i,qui d-cantinuo eactor to forma
ot roat AlewaKiTEL BGRERSNEE i L m A GEoRR R WRbriratakeg
raf fi nate u d ' NGJj.t § [ N e prese a
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i ndex of at |east 80.
aromatics and olefins, to improve primarily oxidation stability and
color. Hydrofinishing reaction conditions include temperatures
from 300°F to 675°F. (149°C to 357°C.), preferably from 400°F to
600°F. (204°C to 316°C.), a total pressure of from 400 to 2200 psig
(2860 to 15270 kPa abs), a liquid hourly space velocity ranging
from 0.1 to 5 LHSV (hr'"), preferably 0.5 to 3 hr''. The hydrogen
treat gas rate will range from 500 to 5000 scf/bbl (89 to 890
m3/m3). Hydrofinishing following solvent dewaxing will normally
be conducted at pressures between 200 and 1000 psig while
hydrofinishing following -catalytic dewaxing will normally be
conducted at a pressure similar to that of the dewaxing step. The
hydrofinishing catalyst can comprise a support component and one
or more catalytic metal components. The one or more metals are
selected from Group VIB (Mo, W, Cr) and Group VIII (Ni, Co and
the noble metals Pt and Pd) which Groups are found in the Sargent-
Welch Periodic Table of the Elements copyrighted in 1968 by the
Sargent-Welch Scientific Company. The metal or metals may be
present from as little as 0.1 wt% for noble metals, to as high as 30
wt% of the catalyst composition for non-noble metals. Preferred
support materials are low in acid and include, for example,
amorphous or crystalline metal oxides such as alumina, silica,
silica alumina and ultra large pore crystalline materials known as
mesoporous crystalline materials, of which MCM-41 is a preferred
support component. Un-supported base metal (non-noble metal)

catalysts are also applicable as hydrofinishing catalysts.



2. The process of claim1l wherein the lube oil feedstock is selected from
the group consisting of vacuumgas oils, hydrocracked gas oils,

hydr ocr ackedowzamsarn gas oil s, deasphalted oils, reducedPcriseqi1wazseum t ower
bottons, and deasphalted vacuumresids. 3. The process of claim2 wherein
the lube oil feedstock is a vacuumagas oil. _ 4. The process of claim1l
wherein the extraction solvent is selected fromthe group consisting of

N- Met hyl - 2-pyrrol i done, phenol, or furfddal. 5. The process of claim]l
wherein the extract fromsolvent extraction is sent to a solvent recovery
step. 6. The process of claim1l wherein a portion of the hydrotreated

raf fi nate [908&lycl edhe afifbignigsairg-ane nfronu dugdreficd ohing daaydenpassed
hydrotreated with fresh raffin 7. The process of claim.,6 wherein, the

te..
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containing treat gas can be recycled to hydrotreating stage 200.

The resulting lube oil base stock, will meet Group II or Group III

base oil requirements.

[0059] All patents and patent applications, test procedures
(such as ASTM methods, UL methods, and the like), and other
documents cited herein are fully incorporated by reference to the
extent such disclosure is not inconsistent with this disclosure and

for all jurisdictions in which such incorporation is permitted.

[0060] When numerical lower limits and numerical upper
limits are listed herein, ranges from any lower limit to any upper
limit are contemplated. While the illustrative embodiments of the
disclosure have been described with particularity, it will be
understood that various other modifications will be apparent to and
can be readily made by those skilled in the art without departing
from the spirit and scope of the disclosure. Accordingly, it is not
intended that the scope of the claims appended hereto be limited to
the examples and descriptions set forth herein but rather that the
claims be construed as encompassing all the features of patentable
novelty which reside in the present disclosure, including all
features which would be treated as equivalents thereof by those

skilled in the art to which the disclosure pertains.

[0061] The present disclosure has been described above with
reference to numerous embodiments and specific examples. Many

variations will suggest themselves to those skilled in this art in



9. The process of claim1 wherein a portion of the hydrotreated raffinate
fromthe liquid-continuous reactor is withdrawn and saturated with hydrogen
t hen recywbedi2maiv2t o t he |i qui d-continuous reactor. 10PCThS20n0¢235 oOf
claiml1l wherein the hydrotreating catalyst is conprised of one or nore
catalytic netals selected fromGoup VIB and G oup VIII of the Periodic
Tabl e of the Elenents on a refractory support. - 29 - 11. The process of
claim 10 wherein the support is selected®romthe group consisting of
alumina, silica, silica alumna, titania, zirconia, and silica-alum na.

12. The process of claim1l wherein the hydrotreating process conditions

i ncl ude t edightaolitbs abowe sbgritesl degrriptionot Alll puebsub¥sots oar2donsi g t o
2200 psig. _13..The pro s of glaim12 ein the hydrotreating process
condi ti ons airﬁc‘Vbt}ént&?péﬁtlﬂ‘g‘E’égfzao?ﬁ%\éqf e?%@?—’egﬂ&dt%faém%r essures from
1000 to 1500 psig. 14. The process of claim1l wherein the raffinate
stream before it is conducted to hydrotreating is sent to a gas-liquid
separation stage to renove at |east a portion of any excess gas that nay be
present in the raffinate stream 15. The process of claim 1l wherein the
hydrotreated raffinate stream before it is conducted to dewaxing is sent
to a gas-liquid separation stage to renpbve excess hydrogen and cont am nant
gases sel ected from amoni a and hydrogen sulfide and the remaining |iquid
hydrotreated raffinate streamis sent to sol vent dewaxing.



16. The process of claim21 wherein dewaxing solvent is selected fromthe
group consisting of aliphatic ketones having 3 to 6 carbon atons, |ow

nol ecul arwaenmo3irgdr ocar bons having from 2 to 4 carbonPararsgo11/043522 The
process of claim 16 wherein the dewaxi ng solvent is selected fromthe group
consisting of nethyl ethyl ketone, nethyl isobutyl ketone, propane, butane,
and m xtures thereof. WD 2012/003272PCT/US2011/ 042522 - 30 - 18. The
process of claim1 wherein the dewaxi ngd’ol vent is added to provide a
liquid to solids weight ratio of from5 to 1 to 20 to 1 at dewaxing
tenperatures fromO to 50F. 19. The process of claim1l wherein there
catalytic‘@bﬁhﬂ?ﬁﬁiis run parallel with solvent dewaxing. 20. The process
of claim 19 wherein the dewaxed | ube base oil is sent to a hydrofinishing
zone wherein it is contacted at hydrofinishing conditions with a

hydr of i ni shi ng katfalprecesadornhehprepdessnoecobluhgdrasgenil, ovhédlove at | east

of portion of any renmaining aromatics and to inprove col or.
process comprising:

i) solvent extracting a lube oil feedstock containing
heteroatoms and aromatics and having a viscosity index with an
extraction solvent, at solvent extraction conditions, wherein an
extract stream and a raffinate stream are produced, and wherein the
raffinate stream contains a smaller fraction of heteroatoms and
aromatics and has a higher viscosity index than the lube oil

feedstock;

ii) hydrotreating at least a portion ot said raffinate in the
presence of hydrogen and a hydrotreating catalyst under effective
hydrotreating conditions in a liquid-continuous reactor to form a

hydrotreated raffinate stream; and

iii) dewaxing said hydrotreated raffinate stream under
solvent dewaxing conditions in the presence of a dewaxing solvent
to obtain a dewaxed lube base oil comprised of at least 90 wt.%
saturates, a sulfur content of 0.03 wt.% or less, and a viscosity

index of at least 80.

2. The process of claim 1 wherein the lube oil feedstock is selected
from the group consisting of vacuum gas oils, hydrocracked gas
oils, hydrocracked vacuum gas oils, deasphalted oils, reduced

crude, vacuum tower bottoms, and deasphalted vacuum resids.

3. The process of claim 2 wherein the lube oil feedstock is a

vacuum gas oil.



21. A process for the production of |ube base oils, which process

conpri si ng: i) solvent extracting a lube oil feedstock containing
het er oat owe 2areboaa7emat i cs and having a viscosity index WCTluSami@xiseacti on
solvent, at solvent extraction conditions, wherein an extract stream and a
raffinate stream are produced, and wherein the raffinate streamcontains a
smal l er fraction of heteroatons and arqmati cs and has a hi gher viscosity

i ndex than the |ube oil feedstock; '28"ii) hydrotreating at | east a
portion of said raffinate in the presence of hydrogen and a hydrotreating

catal yst under effective hydrotreating, conditions in a 1 i qui d- cont i nyous
reactor tdHf g RTRFEFS O cERdm dapiargin therasnpctpg solvent s sglecte

rycrogen A el BiryEe DL REE L §T Rel At BAGSETS S

i ncl udi ng yirgpper ature from 500F to 750F - 3 1 - and a pressure up to
2200 psig and at an effective contact tine of feed to catalyst that wll
renove at |east a portion of the waxy paraffinic conponents by

| somer | 2t} ORrh@ 83 AANYcifl RALALdh GhEOLRRIER kPont BEIRBY, PT 0ducing a

| ube base 0il cormprise east .% saturates, less than 0.03 w.%

sul fur andeirdaciorsid yeht 66X §blvaintl @asivd§. stef®. The process of claim 21
wherein the lube oil feedstock is selected fromthe group consisting of

vacuum gas oils, hydrocracked gas oils, hydrocracked vacuum gas oil s,
deasphal t eg orjg, fe 1 VAT r1idet beMhe 1RpdroGaaRIR t ed
vacuum res?dgl.ﬂhéff.r()%%%gqgﬁg%%ss of claim?2 \Xhlerei n theﬁ?ube ol | feedstock
i's a vacuupaffhsatelis recycled to the liquid-continuous reactor and again

hydrotreated with fresh raffinate.

7. The process of claim 6 wherein the volume ratio of recycled
hydrotreated raffinate to fresh raffinate to the liquid-continuous

reactor is from 0.5to1to Sto 1.

8. The process of claim 6 wherein the volume ratio of recycled
hydrotreated raffinate to fresh raffinate to the liquid-continuous

reactorisfrom 1tolto3to 1.

9. The process of claim 1 wherein a portion of the hydrotreated
raffinate from the liquid-continuous reactor is withdrawn and
saturated with hydrogen then recycled back to the liquid-

continuous reactor.

10. The process of claim 1 wherein the hydrotreating catalyst is
comprised of one or more catalytic metals selected from Group
VIB and Group VIII of the Periodic Table of the Elements on a

refractory support.



24. The process of claim 21 wherein the extraction solvent is selected from
the group consisting of N-Methyl-2-pyrrolidone, phenol, or furfural. 25.
The procewe 20f2/@BAR2M 21 wherein the extract from sol venPCeAtSe@aousn2i s sent
to a solvent recovery step. 26. The process of claim?21 wherein a portion
of the hydrotreated raffinate is recycled to the Iiquid-continuous reactor
and again hydrotreated with fresh raffinate. 27. The process of claim 26
wherein the volunme ratio of recycle hyd?@t‘reated raffinate to fresh
raffinate to the liquid-continuous reactor is from0.5to 1to 5to 1. -
32 - 28. The process of claim?27 wherein the volune ratio of recycle
hydrotreat dd-r %ﬂm pEeecsp of rdahny 4Pf wvhwrein 6h?H?élliPIP‘aU| ld'»ifdmte@cfﬁ@m eact or
1to 3to 1. Rrocess of in.a portion of

i f 1
Lhe hoar ot s @b ppishting or Al hRs STie Sosil AL A L8RS Dot b

and satura&%(yﬁltdh andspgea dihgnidLcycl ed back to the |iquid-continuous
reactor. 30. The process of claim2l1 wherein the hydrotreating catalyst is

conprised of one or nore catalytic nmetals selected from Goups VIB and

Group VITT9f g PRELO 6rTalks PTwhidte R SHBMUPaBlrEalifly BFEOLYs SUPPOT L.

conditions include temperatures from 400°F to 800°F and total

pressures from 200 psig to 2200 psig.

13. The process of claim 12 wherein the hydrotreating process
conditions include temperatures from 600°F to 750°F and total

pressures from 1000 to 1500 psig.

14. The process of claim 1 wherein the raffinate stream, before it
is conducted to hydrotreating is sent to a gas-liquid separation stage
to remove at least a portion of any excess gas that may be present

in the raffinate stream.

15. The process of claim 1 wherein the hydrotreated raffinate
stream, before it is conducted to dewaxing is sent to a gas-liquid
separation stage to remove excess hydrogen and contaminant gases
selected from ammonia and hydrogen sulfide and the remaining

liquid hydrotreated raffinate stream is sent to solvent dewaxing.

16. The process of claim | wherein dewaxing solvent is selected
from the group consisting of aliphatic ketones having 3 to 6 carbon
atoms, low molecular weight hydrocarbons having from 2 to 4

carbon atoms.

17. The process of claim 16 wherein the dewaxing solvent is
selected from the group consisting of methyl ethyl ketone, methyl
isobutyl ketone, propane, butane, and mixtures thereof.

o]



31. The process of claim30 wherein the support is selected fromthe group
consisting of alumna, silica, silica alumna, titania, zirconia, and

si |l i ca-alw@i20e/00332. The process of claim 21 wherein theChys$eatneskt ng
process conditions include tenperatures from 400F to 800F and t ot al
pressures from 200 psig to 2200 psig. 33. The process of claim32 wherein
the hydrotreating process conditions include tenperatures from 600F to 750F
and total pressures from 1000 to 1500 psSi%& 34. The process of claim 21
wherein the raffinate stream before it is conducted to hydrotreating is
sent to a gias-l I qui d separation stage to renove at | east a portion of any
excess gas thatl ifapreecpy eferiainn Iy wheargin ithgtde waxénm solvezg is adgted The
process of ,cl aim.

1 J h | ytic dewaxi is, f 550F
o 7507, 38PN SAbEEro ePuR Setahl aRT BRdPetaryert theatiad”"
catal yst ang £805%4 S"?P?@%f %rggqyﬁnpo(@stbstsim@ of crystalline

al um nosilicates an al um nophophates.” =~ 37. The process of claim 36

wherein the catal ytic dewaxing catalyst is a crystalline alumnosilicate

sel ect ed o the. gt gup. cILSHNY Shoholh PRerd WA AR ANY 1€9H48

and conbi nat’'o
parallel with solvent dewaxing.

20. The process of claim 19 wherein the dewaxed lube base oil is
sent to a hydrofinishing zone wherein it is contacted at
hydrofinishing conditions with a hydrofinishing catalyst and in the
presence of hydrogen to remove at least of portion of any

remaining aromatics and to improve color.

21. A process for the production of lube base oils, which process

comprising:

i) solvent extracting a lube oil feedstock containing
heteroatoms and aromatics and having a viscosity index with an
extraction solvent, at solvent extraction conditions, wherein an
extract stream and a raffinate stream are produced, and wherein the
raffinate stream contains a smaller fraction of heteroatoms and
aromatics and has a higher viscosity index than the lube oil

feedstock;

ii) hydrotreating at least a portion of said raffinate in the
presence of hydrogen and a hydrotreating catalyst under effective
hydrotreating conditions in a liquid-continuous reactor to form a

hydrotreated raffinate stream; and

iii) catalytically dewaxing said hydrotreated raffinate in the
presence of hydrogen and a dewaxing catalyst under effective

dewaxing conditions including a temperature from 500°F to 750°F



38. The process of claim37 wherein the catal ytic dewaxi ng catal yst
contains a binder material selected fromthe group consisting of alum na,
titani a, wWDI20#03wR| i ca-al um na, zirconia, and conbi nat POmaISkénenersh2  39.
The process of claim37 wherein the catal ytic dewaxi ng catal yst contains at
| east one netal selected fromthe group consisting of Pt, Pd, and Ni. 40.
The process of claim 39 wherein the catal ytic dewaxing catal yst al so
contains a nmetal selected fromWand M31 41. The process of claim 21
wherein the dewaxed |lube oil is subjected to hydrofinishing in the presence
of hydrogen and a hydrofinishing catalyst at a tenperature from 450F to
675F and t 804l agressured rwzﬁ@ psiapd ppg.ctfectye contacttimepdcess of

claim41 [ .S by cat al I,S. conpris f. ope or nore
net al s se?@%@c}gf%%%lggﬂgg{%lﬁp %%H%freo ﬁf‘%ﬁ%toﬁﬂ 1%?’%&&%“%@? e of the
El ements. P‘!ﬁafﬁﬁ?c R0 %’ile‘i‘fts%r%ﬁ'i%ﬂl?er‘i‘@@ﬁ@h“td E?sshWiﬁgf E%%ﬁﬂ&@‘ﬁ?ﬁ&m yst
contains at |east one tal from Goup VIII and at | east” one netal from

G oup VI B. cofvipofiemity) doasbyprolacing2: Wee daset o8 dydmfised fi ag cat al yst
I's conprised of a nol(o)l e netal selected from Pt (gnd Pd on a mesopor.ous
crystal | i nécasfpPBrvt.% saturates, less than 0.03 wt.% sulfur and a viscosity

index of at least 80.

22. The process of claim 21 wherein the lube oil feedstock is
selected from the group consisting of vacuum gas oils,
hydrocracked gas oils, hydrocracked vacuum gas oils, deasphalted
oils, reduced crude, vacuum tower bottoms, and deasphalted

vacuum resids.

23. The process of claim 21 wherein the lube oil feedstock is a

vacuum gas oil.

24. The process of claim 21 wherein the extraction solvent is
selected from the group consisting of N-Methyl-2-pyrrolidone,

pheneol, or furfural.

25. The process of claim 21 wherein the extract from solvent

extraction is sent to a solvent recovery step.

26. The process of claim 21 wherein a portion of the hydrotreated
&
raffinate is recycled to the liquid-continuous reactor and again

hydrotreated with fresh raffinate.

27. The process of claim 26 wherein the volume ratio of recycle
hydrotreated raffinate to fresh raffinate to the liquid-continuous

reactoris from 0.5to 1 to 5to 1.



45. The process of claim 44 wherein the nmesoporous crystalline support is
MCM 41. 46. A process for upgrading a Goup 1 |ube base oil, which process
conpri si yo 2hipdosa7eeat i ng said Goup 1 | ube base oil havcmgsb@ss41shan 90

W . % saturates and greater than 0.03 w.% sulfur in the presence of
hydrogen and a hydrotreating catal yst under effective hydrotreating
conditions in a |iquid-continuous reactor to forma hydrotreated | ube base
oi| having a saturate concentration greater than 90 wt.% and a sul fur
concentration less than 0.03 wt.% 47. The process of claim46 wherein a
portion of the hydrotreated G oup | base oil is recycled to the

| i qui d- con®i&udite Peasesy odrdadgald Wareindheedolnmie ratégwigesyicle base
il. 48. Th feclaima LA 1 i 0_of. I

yar ot r eat 44 QaPBT ek 1o RS ot S B g ot Fgbous” ©

l'i qui d- contLRURUSI S BRfhOT thst kbone@- P to 1 to 5 to 1. - 35 - 49. The

process of claim48 wherein the volune ratio of recycle hydrotreated G oup
| base oil to fresh Goup | base oil to the liquid-continuous reactor is

froml to o] ) cess. of claim. ihn rfion of
t he hydr ot r&gat ﬁ%ﬁgﬁgeﬁ%&c—g%ﬁﬁ?r% e 4 é&ﬁdé’%oﬁ??ﬁgé%&ée{ggﬁﬁ&i S
W thdrawn apffinate FrdedtNe Ty ieegrh b Has reaevst edvaaklra & ARd

| i qui d- conti nuous reactor. 1. The process of claim46 wherein the

hydr ot r eat sagurgtd| with hy drogen sleeh obcyoéedrbauade eo chedigtid- net al s
selected from G oups VIB and G oup VIII of the Periodic Table of the

El enent s ofORLIBMQYHE §AFIQpport .

30. The process of claim 21 wherein the hydrotreating catalyst is
comprised of one or more catalytic metals selected from Groups
VIB and Group VIII of the Periodic Table of the Elements on a

refractory support.

31. The process of claim 30 wherein the support is selected from
the group consisting of alumina, silica, silica alumina, titania,

zirconia, and silica-alumina.

32. The process of claim 21 wherein the hydrotreating process
conditions include temperatures from 400°F to 800°F and total

pressures from 200 psig to 2200 psig.

33. The process of claim 32 wherein the hydrotreating process
conditions include temperatures from 600°F to 750°F and total

pressures from 1000 to 1500 psig.

34. The process of claim 21 wherein the raffinate stream, before it
is conducted to hydrotreating is sent to a gas-liquid separation stage
to remove at least a portion of any excess gas that may be present

in the raffinate stream.



52. The process of claim51 wherein the support is selected fromthe group
consisting of alumna, silica, silica alumna, titania, zirconia, and

si lica-alw@i20e/003%3. The process of claim46 wherein theChys$eatneskt ng
process conditions include tenperatures from 400F to 800F and t ot al
pressures from 200 psig to 2200 psig. 54. The process of claim53 wherein
the hydrotreating process conditions include tenperatures from 600F to 750F
and total pressures from 1000 to 1500 psilg: 55. The process of claim 21
wherein the catalytic dewaxing is also perfornmed in a |iquid-continuous
reactor. 56. The process of claim55 wherein a hydrofinishing step is

i ncl uded wBih Tdshpuecess of dajimygildndueintbgscai@dytierdewaxing
temperature is from 550°F to 750°F.

36. The process of claim 21 wherein the catalytic dewaxing
catalyst are selected from the group consisting of crystalline

aluminosilicates and silicoaluminophophates.

37. The process of claim 36 wherein the catalytic dewaxing
catalyst is a crystalline aluminosilicate selected from the group
consisting of ZSM-22, ZSM-23, ZSM-35 and ZSM-48, and

combinations thereof.

38. The process of claim 37 wherein the catalytic dewaxing
catalyst contains a binder material selected from the group
consisting of alumina, titania, silica, silica-alumina, zirconia, and

combinations thereof.

39. The process of claim 37 wherein the catalytic dewaxing
catalyst contains at least one metal selected from the group

consisting of Pt, Pd, and Ni.

40. The process of claim 39 wherein the catalytic dewaxing

catalyst also contains a metal selected from W and Mo.

41. The process of claim 21 wherein the dewaxed lube oil is
subjected to hydrofinishing in the presence of hydrogen and a
hydrofinishing catalyst at a temperature from 450°F to 675°F and
total pressures from 400 to 2200 psig.
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42. The process of claim 41 wherein the hydrofinishing catalyst is
comprised of one or more metals selected from Group VIII and

Group VI of the Periodic Table of the Elements.

43. The process of claim 42 wherein the hydrofinishing catalyst
contains at least one metal from Group VIII and at least one metal

from Group VIB.

44. The process of claim 42 wherein the hydrofinishing catalyst is
comprised of a noble metal selected from Pt and Pd on a

mesoporous crystalline support.

45. The process of claim 44 wherein the mesoporous crystalline

support is MCM-41.

46. A process for upgrading a Group I lube base oil, which process
comprising: hydrotreating said Group I lube base oil having less
than 90 wt.% saturates and greater than 0.03 wt.% sulfur in the
presence of hydrogen and a hydrotreating catalyst under effective
hydrotreating conditions in a liquid-continuous reactor to form a
hydrotreated lube base oil having a saturate concentration greater

than 90 wt.% and a sulfur concentration less than 0.03 wt.%.

47. The process of claim 46 wherein a portion of the hydrotreated
Group I base oil is recycled to the liquid-continuous reactor and

again hydrotreated with fresh Group I base oil.

48. The process of claim 46 wherein the volume ratio of recycle
hydrotreated Group I base oil to fresh Group I base oil to the

liquid-continuous reactor is from 0.5to 1 to 5to 1.
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49. The process of claim 48 wherein the volume ratio of recycle
hydrotreated Group I base oil to fresh Group I base oil to the

liquid-continuous reactor is from 1 to 1 to 3 to 1.

50. The process of claim 46 wherein a portion of the hydrotreated
Group I base oil from the liquid-continuous reactor is withdrawn
and saturated with hydrogen then recycled back to the liquid-

continuous reactor.

51. The process of claim 46 wherein the hydrotreating catalyst is
comprised of one or more catalytic metals selected from Groups
VIB and Group VIII of the Periodic Table of the Elements on a
refractory support.

52. The process of claim 51 wherein the support is selected from
the group consisting of alumina, silica, silica alumina, titania,

zirconia, and silica-alumina.

53. The process of claim 46 wherein the hydrotreating process
conditions include temperatures from 400°F to 800°F and total

pressures from 200 psig to 2200 psig.

54. The process of claim 53 wherein the hydrotreating process
conditions include temperatures from 600°F to 750°F and total

pressures from 1000 to 1500 psig.

55. The process of claim 21 wherein the catalytic dewaxing is also

performed in a liquid-continuous reactor.

56. The process of claim 55 wherein a hydrofinishing step is

included which conducted in a liquid-continuous reactor.



