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suitable finished lubricating oil product. An increasingly stringent regulatory

environment has led to increased performance requirements for both finished
product and basestock. American Petroleum Institute (API) requirements for
Group II basestocks include a saturates content of at least 90%, a sulfur content
0f0.03% or less, and a viscosity index (VI) between 80 and 120. There is a
trend in the lube oil market to use Group II basestocks instead of Group I
basestocks in order to meet the demand for higher quality basestocks and
finished lubricating oil products that provide for desirable properties such as

increased fuel economy and reduced emissions.

[0003]  Conventional processes (i.e., techniques known to those skilled in the
art of lubricating oil processing) for preparing improved Group I and Group II
basestocks, such as hydrocracking or solvent extraction of aromatics, often

require severe operating conditions such as high pressure and temperature or
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SUMMARY OF THE INVENTION
[0006] In an embodiment, the invention relates to a process to prepare
lubricating oil basestocks from lube oil boiling-range raffinate feedstreams. The

process comprises:

(a) contacting a lube oil boiling-range raffinate feed containing nitrogen
and sulfur heteroatoms with a hydrotreating catalyst in a first reaction
stage operated under effective hydrotreating conditions in the presence
of a hydrogen-containing gaseous product from a third reaction stage

to produce a hydrotreated raffinate;



raffinate with a first fresh, once-through,
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the hydrotreated raffinate to produce a striped
raffinate; (c) contacting thg stripped raffinate with
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contacting the cascaded portion of the secon reaction-stage product
with a catalytically effective amount of a hydrofinishing catalyst in the
third reaction stage operated under effective hydrofinishing conditions
to produce a third-stage reaction product comprising the third-stage
gaseous product comprising hydrogen and a third-stage liquid product

comprising a lubricating oil basestock, wherein the second-stage

gaseous product provides hydrogen for the third reaction stage;

(f) separating the third-stage gaseous product from the third stage

reaction product; and

(8) cascading the third-stage gaseous product, without heteroatom

disengagement, to the first reaction stage.

[0007] In another embodiment, the process further comprises:
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[0008] Figure 1 is a sinplified process flow di agram
whi ch shows the reactor configuration, treat gas
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sulfur heteroatoms with a hydrotreating catalyst in the presence of hydrogen-

containing treat gas in a first reaction stage. The first reaction stage is operated
under effective hydrotreating conditions to produce a hydrotreated effluent
comprising at least a first-stage gaseous product and a hydrotreated raffinate
containing fewer nitrogen and sulfur heteroatoms than the lube oil boiling-range
feed. The hydrotreated raffinate is stripped using fresh, once-through, hydrogen-
containing treat gas as the stripper gas. The stripping separates at least a portion
of the sulfur-containing and nitrogen-containing species from the hydrotreated
effluent to produce a stripped raffinate. The sulfur-containing and nitrogen-
containing species stripped from the hydrotreated raffinate, e.g., ammonia and
hydrogen sulfide, are conducted away from the process. The stripped raffinate is

then dewaxed in a second reaction stage by contacting it with a catalytically
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containing treat gas therein. The contacting of the cascaded portion of the
second-stage reaction product with the hydrofinishing catalyst produces a third-
stage reaction product comprising at least a third-stage gaseous product and a
third-stage liquid product. The third-stage gaseous product comprises hydrogen
and the third-stage liquid product comprises a lubricating oil basestock. At least
a portion of the third-stage gaseous product is separated from the third-stage
reaction product and then cascaded, without heteroatom disengagement, to the
first reaction stage, wherein the separated third-stage gaseous product serves as

the hydrogen-containing treat gas in the first reaction stage.



t he hydrogen-containing treat gas in the first
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refining processes such as raffinates, partially solvent dewaxed oils, deasphalted

oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots oils, dewaxed

oils, automatic transmission fluid feedstocks, and Fischer-Tropsch waxes.

[0013]  Though not required, feeds may have high contents of nitrogen and
sulfur contaminants. For example, feeds containing 0.2 wt.% of nitrogen, based
on the weight of the feed and 3.0 wt.% of sulfur, can be used in the process.
Sulfur and nitrogen contents may be measured by standard ASTM methods
D5453 and D4629, respectively. Feeds having a high wax content typically have

high viscosity indexes of up to 200 or more.
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[06{]6] The contacting of the lube oil boiling-range feed with the extraction
solvent can be accomplished by any suitable solvent extraction method including
conventional methods. Non-limiting examples of such include batch, semi-
batch, or continuous. It is preferred that the extraction process be a continuous
process, and it is more preferred that the continuous process be operated in a
counter-current fashion. In a counter-current configuration, it is preferred that
the lube oil boiling-range feed be introduced into the bottom of an elongated
contacting zone or tower and caused to flow in an upward direction while the
extraction solvent is introduced at the top of the tower and allowed to flow in a
downward direction, counter-current to the upflowing lube oil boiling-range

feed. In this configuration, the lube oil boiling-range feed flows counter-
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[0018] It should be noted that the phrase "aromatics-lean raffinate solution" is
not synonymous with the term "raffinate”. The phrase "aromatics-lean raffinate
solution” refers to the products of solvent extraction before the solvent has been
removed, i.e., distilled or stripped from the respective phases. The term
"raffinate" refers to the material that remains after at least a portion of the
solvent contained in the "aromatics-lean raffinate solution" is separated and
removed. As discussed, the raffinate is a suitable lubricating oil feed for the

process.



process. Hvdrotreating [0019] The term "hydrotreating"
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theklghente (Sargens Wiloh Scidnbificedé@BhRy, 1968), the "Periodic Table",
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Ni;
and at least one metal selected from Group VIB of the Periodic Table, preferably
Mo and W, more preferably Mo, on a high surface area support material,
preferably alumina. The Group VIII metal is typically present in an amount
ranging from about 2 and 20 wt.%, preferably from about 4 to 12 wt.%. The
Group VI metal will typically be present in an amount ranging from about 5 to
50 wt.%, preferably from about 10 to 40 wt.%, and more preferably from about
20 to 30 wt.%. All metal weight percents are on support. The term "on support”
means that the percents are based on the weight of the support. For example, if
the support was to weigh 100 grams, then 20 wt.% Group VIII metal would

mean that 20 grams of Group VIII metal was on the support.



the support was to weigh 100 granms, then 20 wt. % G oup
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raffinate feed, more preferably less than about 20 wt.%, and most preferably to
less than about 10 wt.%. Since the treat gas used in the hydrotreating stage is
typically cascaded from the hydrofinishing stage, the total pressuré and
hydrogen partial pressure at the outlet of the hydrofinishing stage will typically
exceed the total pressure and hydrogen partial pressure at the inlet of the

hydrotreating stage.

[0022]  Hydrogen-containing treat gases suitable for use in the reaction stage
can comprise substantially pure hydrogen or hydrogen in combination with one
or more species typically found in refinery hydrogen streams. In an embodiment,
the hydrogen-containing treat gas used in the first reaction stage is supplied by

the third-stage gaseous product, which is cascaded, without heteroatom
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catglyst beds include fluidized beds, ebullating beds, slurry beds, and moving

beds. Interstage cooling or heating between reactors, reaction zones, or between
catalyst beds in the same reactor, can be employed since some aromatics and/or
olefin saturation can take place, and olefin saturation and the desulfurization
reaction are generally exothermic. A portion of the heat generated during
hydrotreating can be recovered. Where this heat recovery option is not available
or economically feasible, conventional cooling may be performed through
cooling utilities such as cooling water or air, or through use of a hydrogen

quench stream so as to maintain optimal reaction temperatures.
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refinery, etc., wherein the gas is upgraded (e.g., cleaned of impurities) and made

ready for use in refinery processes.

[0025]  In an embodiment, fresh, once-through, hydrogen-containing treat
gases suitable for use in the present process can comprise substantially pure
hydrogen or mixtures of hydrogen in admixture with other components typically
found in refinery hydrogen streams. It is preferred that the hydrogen-containing
treat gas stream contains little, more preferably no, hydrogen sulfide. Though
not required, the once-through, hydrogen-containing treat gas can be

substantially pure hydrogen.
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[0(558]1’ l%ne% embodiment, the catalytic hydrodewaxing conditions of the
present process include temperatures ranging from about 250°C to about 400°C,
preferably from about 275°C to about 375°C, pressures of from about 0.7 MPa to
about 20.8 MPa (100 psig to 3000 psig), preferably from about 1.48 MPa to
about 18.7 MPa (200 psig to 2700 psig), liquid hourly space velocities of from
about 0.1 to about 10 hr™', preferably from about 0.1 to about 5 hr'l, and
hydrogen treat gas rates from about 45 m*m? to about 1780 m3/m® (250 SCF
H,/B t0 10,000 SCF H,/B), preferably from about 89 m*/m? to about 890 m3/m>
(500 SCF Hy/B to 5000 SCF H,/B).

[0029]  In a preferred embodiment, hydrodewaxing conditions include

temperatures between from about 300°C to about 400°C, preferably from about
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generated during hydrodewaxing can be recovered. Where this heat recovery
option is not available, cooling may be performed through cooling utilities such
as cooling water or air, or through use of a hydrogen-rich quench stream. In this

manner, optimum reaction temperatures can be more easily maintained.

Hydrodewaxing Catalyst

[0031]  The hydrodewaxing catalyst generally contains crystalline materials
such as molecular sieves that contain at least one 10- or 12-ring channel. The
molecular sieve can contain one or more of aluminosilicates (zeolites) and
aluminophosphates such as silicoaluminophosphates (SAPOs) and MAPOs. In
an embodiment, the molecular sieve contains at least one 10- or 12-ring channel.
Examples of such zeolites include ZSM-22, ZSM-23, ZSM-35, ZSM-48,
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as Pd or m xtures
present process. Such catalysts are loaded with one or more metal hydrogena-

tion components selected from Group VIB metals, Group VIII metals, or
mixtures thereof. Preferred metals are selected from Group VIII metals.
Especially preferred are Group VIII noble metals such as Pt, Pd or mixtures
thereof. These metals are loaded at the rate of 0.1 to 30 wt.%, based on catalyst.
Catalyst preparation and metal loading methods are described for example in
U.S. Patent No. 6,294,077 (incorporated by references herein), and include for
example jon exchange and impregnation using decomposable metal salts. Metal
dispersion techniques and catalyst particle size control techniques are described
in U.S. Patent No. 5,282,958, also incorporated by reference herein. Catalysts

with small particle size and well-dispersed metal are preferred.
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th rOfInIShI ng stage, the dewaxed raffinate product of

Ry rAdesRMe stpdientpstablishethbudhehighier pressure at the outlet of

the hydrodewaxing (second) stage and the comparatively lower pressure at the

inlet of the hydrofinishing (third) stage. In the hydrofinishing stage, the
dewaxed raffinate product of the hydrodewaxing stage is contacted with a
catalytically effective amount of a hydrofinishing stage under catalytic
hydrofinishing conditions. The hydrofinishing stage produces a third-stage
reaction product comprising at least a third-stage gaseous product comprising
hydrogen and a third-stage liquid product comprising a lubricating oil basestock.
The gaseous product of the second reaction stage serves as the hydrogen-

containing treat gas in the third reaction stage.

[0036] In an embodiment, at least a portion, preferably substantially all, of

the gaseous effluent and dewaxed raffinate from the hydrodewaxing stage, i.e.,



catalytically effective anount of a hydrofinishing
stage under catalytic hydrofinishing conditions. The
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tenperature

Prefonted hyakofihisBicaladitidRORGUUR 18RBYnR0 %S m 185& 150°C to
pressure

about 350°C, preferably from about 180°C to about 250°C. Total pressure

typically ranges from about 2.86 MPa to about 20.8 MPa (about 400 to 3000

psig). Liquid hourly space velocity is typically from about 0.1 to about 5 LHSV

(hrh), preferably from about 0. 5 to about 3 hr'l, and hydrogen treat gas rates of
from about 44.5 to about 1780 m*/m> (250 to 10,000 SCF Hy/B). Hydrogen
partial pressure typically ranges from about 1.48 MPa to about 20.8 MPa (about
200 psig to about 3000 psig). Since the gaseous product of the hydrodewaxing
stage is typically cascaded to the inlet of the hydrofinishing stage, the total
pressure at the inlet of the hydrofinishing stage should be lower than the total

pressure at the outlet of the hydrodewaxing stage.



typically ranges from about 2.86 MPa to about 20.8 MPa

about 400 to 3000 psig). Liquid hourly space velocity
wt()somxop’sasal Iy fromabout 0.1 to about 5 LHSV (RCTAB2006/035724

preferably fromabout 0. 5 to about 3 hr"1, and
hydrogen treat gas rates of _{gom about 44.5 to about
1780 nB/nB (250 to 10,000 SCF H2ZB). Hydrogen parti al
pressure typically ranges from about 1. 48 MPa to about
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The netal content of the catalyst is often as high as
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usyal ly present in anounts no greater t _
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refggss’r@mﬂtajmsts having pore sizes from 15 to 100 A. A preferred member of
this class is MCM-41 whose preparation is described in U.S. Patent No.
5,098,684, incorporated by reference herein. MCM-41 is an ordered, inorganic,
porous, non-layered phase having a hexagonal arrangement of uniformly-sized
pores. The morphology of MCM-41 is conceptually similar to a bundle of
straws wherein the opening of the straws (the cell diameter of the pores) ranges
from 15 to 100 Angstroms. MCM-48 has a cubic symmetry and is described for
example is U.S. Patent No. 5,198,203 whereas MCM-50 has a lamellar structure.
MCM-41 can be made with different size pore openings in the mesoporous

range. The mesoporous materials may bear a metal hydrogenation component,



refers to catal ysts having pore sizes from15 to 100

A. A preferred nenber of this class is MCM 41 whose
wonrepasssoon i s described in U S. Patent No. 5P09@S&®4d/035724

i ncorporated by reference herein. MCM41 is an

ordered, inorganic, porous,_?pn-layered phase having a

hexagonal arrangenent of uniform y-sized pores. The

nor phol ogy of MCM 41 is conceptually simlar to a
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third-stage reaction product. The manner
drym, flgshinggic.r Hgwvaven ipisqerefarrddsthatpdlash deurnrietock-out drum

itigal, and can.be achieved by, e.g., stripping (as
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the separ at.ed, gaseous, product, i s cascaded to
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separation, to the inlet of the hydrotreating stage.

[0041]  The third reaction stage comprises one or more fixed bed reactors or
reaction zones each of which can comprise one or more catalyst beds of
independently selected catalyst or catalyst mixtures. Although other types of
catalyst beds can be used, fixed beds are preferred. Such other types of catalyst
beds include fluidized beds, ebullating beds, slurry beds, and moving beds.
While not generally needed, interstage cooling or heating can be employed

between reactors, reaction zones, or between catalyst beds in the same reactor.



under the influence of the pressure differential, from
the outlet of the hydro fnishing stage, through any

wonv@Erssamge processi ng such as |iquid-vapor separas2me/3s5724
to the inlet of the hydrotreating stage. [0041] The

third reaction stage conprisgs_ one or nore fixed bed
reactors or reaction zones each of which can conprise

one or nore catal yst beds of independently sel ected
'y .cat i xtures.. Althqugh other fypes of
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boiling-range product streams produced can be recovered and used to produce

finished oils.

[0044]  Referring now to Figure 1, a lube oil boiling-range raffinate feed
("raffinate feed") is conducted via line 1 to heat exchanger 2 wherein it is heated
through indirect heat exchange with stream 3, taken from distillation tower 4.
Stream 1 continues to heat exchanger 5, wherein the temperature of the raffinate
feed, stream 1, is increased again by direct heat exchange with stream 6, the
second reaction stage product obtained from hydrodewaxing (second reaction
stage) unit 13. From heat exchanger 5, stream 1 continues to heat exchanger 7

wherein stream 1 is again heated by indirect heat exchange with stream 8, the



operating conditions the practitioner selects for the

fractionation. The |ube oil boiling-range product
weoetowasssspr oduced can be recovered and used toPOTASDE/035724

finished oils. [0044] Referring nowto Figure 1, a

| ube oil boiling-range raffopte feed ("raffinate

feed") is conducted via line 1 to heat exchanger 2

wherein it is heated through indirect heat exchange
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once-through, hydrogen-containing treat gas supplied via line 16 thus forming

stream 8a. In hydrodewaxing unit 13, stream 8a is contacted with a hydrode-
waxing catalyst in order to produce second reaction stage product 6. Second
reaction stage product 6, which comprises at least a second-stage gaseous
product containing hydrogen and a second stage liquid product containing
dewaxed raffinate, is cascaded through heat exchangers 19 and 5 and, without
disengagement, into hydrofinishing unit (the third reaction stage) 14. In
hydrofinishing unit 14, stream 6 is contacted with a hydrofinishing catalyst to
produce a third reaction stage product 20, which comprises a third-stage gaseous

product comprising hydrogen and a third-stage liquid product comprising a



raffinate 8 for hydrodewaxi ng. Stream 8 passes through

heat exchanger 18 and heat exchanger 7 wherein the
woenp@ssasur e of stream 8 is adjusted to the i nPeT/US2006/035724

reacti on tenperature of hydrodewaxing unit 13, and

then conbined with fresh, ongg-through,

hydr ogen-contai ning treat gas supplied via line 16

thus form ng stream 8a. In hydrodewaxi ng unit 13,

3 j a with a hydrod i.ng catal yst ,
G ] base Rtk T Shbol Bk Boicla s PondidtedTo flash
dian@ldvherid i diir i rd L

| east a second-sﬁg%%égglggggdﬁl? 859@? ﬁggﬁcﬁ gfﬁn%t%esg%eous
proich gem arenstparated firoth Hicathérd regetich ﬂa%@l ﬁfddlﬁ;@ nbaiSticAth 20a

ewaxed raffinate, is cascaded throu eat exchangers
W%@Cvi%ﬁ@témé My drogenis @dded deraifigaiedied ?i ftream 20b which contains

i nishi A third ti t 14.
WAL SRt odbilRdd iy T egfhanaeRab anciheat
ra0e prouer aa AR 4 CHPARANEROR L b EREkE o

bejlingarangeprmtiuct fiaotipns, £ GO, B0DLVOAA 5BN, fitd. (taéﬁ@cg& by

| iquid product conprising alubricating oil "basestoc
stqqﬁ?p%gz B¢ £9 ohersimgae pennadaied faomisgreamrZlic st condidtab iway

wherein.a third-s e liqujd, product 20b and
ﬁgﬁ’mﬁ &’éi&%“tsé‘g & B’a?é%r&}go';b‘?tdéﬁéagrl%algab@llﬁg pange pepductfraction
dd & ntihé i - ot ream 20a. whi cp .
T con%ﬁ é?%iﬁﬁf}g’?%fe% éltlgggee%d@gv%‘f%?olﬁ%f%mgg@z tf?fogpraeﬁpashed
ubfibativg ofi prodid 1Ssiitabiler d dekfiveRGnel Qﬁsﬁ%? nfioxi
conduct ed p?_hr ough %egt exchangrelr@ldfg a @g%ﬁ dgﬁgﬁgir?é%sf
deygpxing aidst visresifyomodifiers, labritity dids) ahfiediresion apeiits dand the
oi I. boiling-range product fractions, e.g

liI ubricati r}g .
- TSHN AT QR s PEGIRIabdy mnore daind @ witg, based amsthe aveighit of
: 1) from.stream 20b d

th niitR T Bric At STRRAE s R AT fianAotm 4gmd more

prefepable arédigr thanldongt.ssange product fraction and a m nor

anount of one or nore additives can be conbined to
product. Suitable

m i ni shed lubricating oil J
wg%%‘i tiaiyég Prfesy Heesdintgshesh rehangsts pripidtanfesd fumaasil Ado
' Vi ' i bricity,ai.d
P8 AN T BB b5 s o
thepedhredivay exatagbhan, 50 72 t |
the finished I ubricati ngﬂ%{%gro %P%Srrgﬁ%%?{/ﬂ&' Fbur heat
exglhasgets cartien] the indet tevhpenaturmingo units 13 and 14. It should be noted

that in preferred embodiments, the three reaction stages operate in a temperature
cascade where the first reaction stage is the hottest and the third reaction stage is

the coolest.

[0046]  Figure 2 is a schematic diagram of the hydrogen flow through the
process. Fresh, once-through, hydrogen-containing treat gas is conducted to
hydrodewaxing unit 13 via line 16. Second reaction stage product 6, which
comprises a second-stage gaseous product containing hydrogen and a second-
stage liquid product containing dewaxed raffinate, is cascaded, without

disengagement, into hydrofinishing unit (the third reaction stage) 14. In the third



preferably greater than 90 wt.% [0045] The process

uses three heat exchangers prior to feed furnace 10 to
wonreait@asssohe raffinate feed to the inlet tenperParmszo063s724

hydrotreater 11. The use of these three heat

exchangers, 2, 5, and 7, redygces furnace requirenents.

Four heat exchangers control the inlet tenperature

into units 13 and 14. It should be noted that in
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a stream 17 containing heteroatominpurities. Stream
EXAMRBLESnducted away fromthe process for, e.g., the

y. of any unused hydrogen. [0047] The above
Em&mméh ed to enbodi nents of the present
&écess Those skilled in the art will recognize other
odi emsinulation,al(5000 bhdrelstpee dap Wmﬁtbﬁéhtln%["ﬁ&ﬁﬁg-range

distillate feed was conducted to a solvent extraction step to produce a solvent

extracted raffinate with a VI of 97 with a yield of 65 wt.%. In the simulation,
the raffinate was conducted to a hydrotreating stage, hydrodewaxing stage, and
hydrofinishing state, each operating under simulated conventional conditions.
Hydrogen-containing treat gas was introduced into the hydrotreating stage, and
the gaseous effluent from the hydrotreating stage was compressed and then
conducted to the hydrodewaxing stage. The compressor was needed because the
hydrodewaxing stage was simulated at a higher total pressure than the
hydrotreating stage, as set forth in the following table. Gaseous effluent from
the hydrodewaxing stage was cascaded to the hydrofinishing stage, both

operating under simulated conventional conditions.



EXAMPLE 1 (Conparative) [0048] In a simulation, 10,000

barrels per day of lubricating oil boiling-range
wdizet7issmoe feed was conducted to a sol vent exPCa@IS2MN/035724

step to produce a solvent extracted raffinate with a

VI of 97 with a yield of 65 y.% In the sinulation,

the raffinate was conducted to a hydrotreating stage,

hydr odewaxi ng stage, and hydrofinishing state, each

operati ng under sinul ated tional conditions.
Hydr ogen- cont ai ni ng treat MS i ntroduced into the

hydrotreating stage, and thﬁ]j;f\seous ehf t from %

LNg stage was c d an onducte
r’Iydigl(?[I(;:Ilre.ﬁa’g‘lreogewaxiq st age’- §§orrprgz, s nd8ckrd2650
g&[‘ %gilhe hydr o xi ngl e&ge50as siSURRTHO at 18.20/2625
hi gher total pressure than the hydrotreati ng stage, as
$btPartint Pressurehe ol | owi ns. 3610880 Gase®ay/ bl uens 792420

{(MBwjpdig) hydr odewaxitng stpges/saso PaSCPﬂgé/zh%ot hgge 5812390
hydr of i ni shi ng stage, both operating under sinulate

(B30 sis 8 VSioalateet Vivara) whYaforinsbotreating, 75 we.%
ARk .20/ 2625 H2, | .
Cof A ARV and ¥4 20 B e SRt BRomg g pfringting ol

bastBedaksyighd 614,344 baitR dhv. 06/ 2460 16. 58/ 2390 [ 0049]
E(Si rrulcgtsyed yi el ds at tag%ggt I were 90 wt. % for

Bt ting, 75 w.%for hydrodewaxi ng, and 99 wt.%

E$‘é@;¢w—§2fi nishing, resulting in a Iub(rji CatlE?(%l\/glLlE 5

stock.yield of 4,344 barrels per day. I .
IOFS@EO] Ir%ﬁéil%iiliﬁw feesof Kxasaplef] Eﬁ&ﬁ@bjectbdw(ejnslmulape}i:ﬁhcﬂ?ent

j .ven xtractiop. u r.condi tions a
XBefp et ‘%‘aﬁsef“ﬁﬁ@ I%ngﬁﬁi@m?wmgexfeagted

i i 0 €410b, 0

rofEHAE 0 4410l 8760 Sie o riRathndte (TP 8 LhATLEA 55
hydretyetingysiage) svipping stigadeydrodewhyidatagy, ahi B drofinishing
stage. The hydrotreating, hydrodewaxing, and hydrofinishing stages were

[S(e

simulated under the same conditions as in Example 1. Conventional stripping
conditions were used in the simulation. In accordance with an embodiment of
the invention, fresh, once-through, treat gas having the same characteristics as in
Example 1 was conducted to the hydrodewaxing stage and the stripping stage.
Gaseous effluent from the hydrodewaxing stage was cascaded for use as treat
gas in the hydrofinishing stage, and gaseous effluent from the hydrofinishing
stage was cascaded for use as the treat gas in the hydrotreating stage. The same
total pressures and hydrogen partial pressures of Example 1 were used in the
simulation of Example 2. Unit yields resulting from the simulation:
hydrotreater - 69 wt.%; hydrodewaxer - 75 wt.%; and hydrofinisher - 99 wt.%.
Yield of a lubricating oil basestock having the same target VI as in Example 1

was 4,500 barrels per day, a 4% yield improvement over the yield of Example 1.



stage. The hydrotreating, hydrodewaxi ng, and

hydr of i ni shi ng stages were sinul ated under the sane
woandiosssns as in Exanple 1. Conventional stri ppTmg2006/035724

conditions were used in the sinulation. In accordance

wi th an enbodi ment of the ipygntion, fresh,

once-through, treat gas having the sane

characteristics as in Exanple 1 was conducted to the-

Xi ng stage and the stripping stage. Gaseous
Eggg&%ggigfron1the hydr odewaxi ng stage was cascaded for
0051]as SibERir conditidhst LPh ST i
[gaséous etflugqtlfrgg?%ﬁEﬁﬂgg%%?éiﬁgﬁg%gbgggé%ﬁkéh??mne
sahesne datl with disiHateSeed of Exaatpl €as ahd 2%6%&?%@5{&5&%6% RAWVI of
stage. The sane total pressures and hydrogen partia
8P eEesa k6K et e ANy idl VS RIMS ' ' LN it

Exiaqml e 2. Unit vyi eleyés resu )tﬂi Egi e?cgltrlr%]ﬁrgé gﬁﬁn@%get%l c&%dltlons
ahyshdonrExaneple-2, gloe fullowingydelddeilwosenere &&aﬁ%d?/%yéﬂlﬁreating -

%ﬁ&@pf%@&§aer -.99 wt.% Yield of a lubricating o

8 8t OHEVRARHIZ e Whites hydrgfnishingxs99 mwtBsafhesitulation
4 rrels r d a 4%i el d i nprovenent over,

PRl 400t B, S arRedn g ofipse lockataran % yield

inﬁﬁﬂ@éﬁkﬁﬂ§vaﬁﬁfmﬁgﬁ¥%ated as in Exanple 2, with the

sane schene, but distillate feed of Exanples 1

0@52 2 iolven -extracted to a VI of 89 with a sol vent
(0892} acdt Hhowld be dotad thatthegiaiationeo SRxamplesidl autdeialso
i1 .as . I.n _Exanpl e the followng yjeld
St OREh A FRLR B3 4 B RaliRe Ry S e Futing oo, B cemple The
elliidages Wy 3 RS 99 wt.% The
e oot 2 Moy O e 1 O |
| ubricating oil base stock, with an 8% yield
i nprovenent over Exanple 1. [0052] It should be noted
that the sinulation of Exanples 2 and 3 al so showed a
reduction in operating costs resulting from for
exanple, the elimnation of the treat gas conpressor
used in Exanple 1. CLAIMS: 1. A process to prepare a
| ubricating oil basestock conprising: (a) contacting a
| ube oil boiling-range raffinate feed containing
nitrogen and sul fur heteroatons with a catalytically
effective




anmount of a hydrotreating catalyst in a first reaction
st age operated under effective hydrotreating

woandiossasns i n the presence of a hydrogen- cont BCWiUSZN06/035724
gaseous product froma third reaction stage to produce
a hydrotreated raffinate; (b)gstripping the
hydrotreated raffinate by contacting the hydrotreated
raffinate with a first once-through,

d}}/&j'ﬁgencont aining treat gas to separate

~sut-tur-contai ning and nitrogencontai ni ng species from

the hydrotreated raffinate to produce a stri pped

r af f ilnafdeprogeys toqrepareiarlgbtibatirg oil pasehtoddf Eompiisingi t h

a catalytically effective anbunt of a hydrodewaxi ng

cat al ysfa) i reontetipgeskbe ®iltoiins 2808 rINASe REP E8ftaining

hydr ogen-containing treat gas 1n a second reaction

st age oper digggemaed swiftirdteroetcysinditeneatalygically effective

condi ti ons to@&&o%ugf second- st age, reaction product
conpri si ng *PYELGh@ ygg@rwgmalyﬁm&ﬁrséﬁ@ac@on stage
second- st a L Q] ﬁﬁ!i Ln..the second- st age
gaseous pr g)gﬁ%:dttg%lgﬁr%@{ ses?%élygg@ﬁéagmct fifons inthé Presence

second- st agf al hyﬂ#bg’erpb@lﬂuﬁﬁn% EHWdu§ PPoducd ¥t %hird reaction
raffinate; (d) cascading, w thout disengagenent, at

| east a pomstagero piodune skydnotteatedatffimtst age product

to a hydrofinishing reaction stage; (e) contacting the
cascadgl) petripping tie hydrogesedafints bPRoftaRlRg RROIUCT
with a catalytically effective anmount” of a

hydr of i ni shydepteated saffinata wittea firist chocethesughy hydagen-
operated under.effective hydrofinishing conditions to

produce a CHFAHUEE fisat 2asotsepaste suldir-contpiming aed nieogen-
t hi rd- st age,gase A risin n and .a
T ot a0eo AR Sp RS RN S PHFRSE R o
oi | basest ggippedheffiiafe;sai d second-stage gaseous

product provides hydrogen for the third reaction

stage; (c) contacting the stripped raffinate with a catalytically effective

amount of a hydrodewaxing catalyst in the presence of a second
once-through,‘ hydrogen-containing treat gas in a second reaction
stage operated under effective hydrodewaxing conditions to
produce a second-stage reaction product comprising a second-
stage gaseous product and a second-stage liquid product, wherein
the second-stage gaseous product comprises hydrogen and the

second-stage liquid product comprises a dewaxed raffinate;

(d) cascading, without disengagement, at least a portion of the

second reaction stage product to a hydrofinishing reaction stage;

(e) contacting the cascaded portion of the second reaction stage
product with a catalytically effective amount of a hydrofinishing
catalyst in the third reaction stage operated under effective

hydrofinishing conditions to produce a third-stage reaction



(f) separating the third-stage gaseous product from

the third-stage reaction product; and (g) cascading
WwOheo7to0d$3sa- st age gaseous product, w thout het ePOaUSE006/035724

di sengagenent, to the first reaction stage. 2. The

process according to claim lwherein said |ube oil

boi ling-range raffmate feed 1s produced by: (a)

extracting a lubricating oil feed in a sol vent

extraction with an extractiagn solvent under .
condi t i ons PEPAUGtembriing flc - gpes gassus product comprising

aronmati cs-| f S0 ' i ni tyaction
ol vent ;- anq oy U Ty LIS Rune st HOuRPBIRiNR! PO Bb
extracti on lsluicatiig il basdstwkan®ighiih 6aid RRBnaAAtIdeBsEous
solution to produce at |east a lube oil boiling-range

raffinate éeductprovides pydiogss fartherthirdgeaction sthge;2
wherein the lubricating oil feed has a 10%

di sti | (8} i sepgrating tig HritdestapbgasdduOProditet FUph the third-stage
nmeasured by ASTM D 86 or ASTM 2887, and are derived
from ni ner &fackionpreductsgpd heti ¢ sources, or a mixture

of the two. 4. The process according to claim?2

wher ei (g) heasaadingthicithiydaitdge gmdouspdacy witihe hetdroatom
selected fromraffinates, partially solvent dewaxed

oi l's, deas@Rsngazemenisto dedfinst reactien stageuum gas oi | s,
coker gas oils, slack waxes, foots oils and the |iKke,

dewa3edl'ts procesutcbi$iabes clifPp 1% iAf6:
accordin ﬂt)o cl ai r% 2 ergi rll thgd}ﬂeﬁagirii%gﬁuﬁg%g %lﬁggé‘énge

raffnetgifeed isproducedbwt . % of nitrogen, based on the
wei ght of the lubricating oil feed, and up to 3.0 w. %

of sul {ay , eh@aciheon muirﬁcam'g @it feell i BSolvRE ELRLLI Ade with
feed. 6. The process according to claim1 wherein said
hydr odewaxfgxigactiony solvent welee corditions effESiVSto Fokuee at
ZSM 23, ZS{\/I— 35, ZSM 48, ZSM 5%, ) ..

cast dn aromatics-lean raffinate solution containing extraction

solvent; and

(b) removing at least a portion of the extraction solvent from the
aromatics-lean raffinate solution to produce at least a lube oil

boiling-range raffinate feed.

3. The process according to claim 2 wherein the lubricating oil feed 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 claim 2 wherein the lubricating oil feed is
one or more il selected from raffinates, partially solvent dewaxed oils,
deasphalted oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots

oils and the like, dewaxed oils, and Fischer-Tropsch waxes.



Beta, SSZ-31, SAPO I | , SAPO 31, SAPO- 41, MAPO- I | ,

ECR-42, fluorided alumna, silica-alumna, fluorided
wei2bi7aaszab um na, synthetic Ferrierites, MordenPCeUS2006/035724

Ofretite, erionite, chabazite, and m xtures thereof.

7. The process according to_gd aim6 wherein the

hydr odewaxi ng catal yst further conprises at |east one

net al hydrogenati on conponent, which is selected from

. l's,. ' es
Cher Sof | EEPIORRSS proual tleime nerbinchaTibricag el fed
i i t [ ' 9. ..The.
O T MDD b CTRR P By tho Ftafian i

feel, end ag t6 BAWMZ S ofSul fESWaged aﬂﬂquﬁMgz?ﬁ of #k luB?r%atin% oil

process according to claim6 wherein the hydrodewaxTng
feeds al yst further conprises a binder material selected

from inorgani c oxides containing one or nore of

siliga, ' j [ ' . i A .

21 oo oo HcBd adcokdl 3o ALE itRreihdld ByarBiCmgei .
cathlystisfsebdciadfroydZ SMISWESIMIQ2C ZISUIBOTSNING g8 I48 7SM-57

t enperat ure from about 2500C to abouf 4000C. " a ’ ’
BEFaeng%r%l F38ROabb HABO73 MBAPO-Ah AMAPID-18, BPR-4abfludrided

0,:1300 Sig), a.liquid hour]y space velocity from
alé%ﬁﬂ% Séﬁ a—?‘&%as&ﬁuqref'quf Slhi? alimaing, Hathetil euignites,
MY AT t [16 S, Qm.about 45 to
o UGS cEfo e e B B SEREH Y e ci n
the first and second once-through, hydrogencontaining
treafr geisRiosess accerding ol claim Gbharaie thd hydnodewaringrcatalyst

r.eaft S_source. . .The process according to
P SolbfiRts 8RRt erab by reemiaeomp srentewhiatls selected
fr i A CONDIiSi Ng
A R S S AT L s S NN
and agbout 5 to 50 wt % of at |east one Goup VI netal,
on aga suplsareceriaseomling taclaithd wheorsis theduatrodewaxing catalyst

' rein the Goup VIl netal is Co and/or N,
Cogﬁr@ﬁr%éé?\ggge't hereof, and wherein the Goup VI netal
i sMo
9. The process according to claim 8 wherein the zeolite is selected from
ZSM-48, ZSM-22 and ZSM-23.

10. The process according to claim 6 wherein the hydrodewaxing
catalyst further comprises a binder material selected from inorganic oxides

containing one or more of silica, alumina, titania, magnesia, thoria, and zirconia.

11. The process according to claim 1 wherein the effective hydro-
dewaxing conditions include a temperature from about 250°C to about 400°C, a
pressure from about 0.7 MPa to about 20.8 MPa (about 100 to 3000 psig), a
liquid hourly space velocity from about 0.1 to about 10 hr'', and a once-through,
hydrogen-containing treat gas rate from about 45 to about 1780 m3/m> (250 to
10000 SCF Hy/B); and wherein the first and second once-through, hydrogen-



and/or W 14. The process according to claim1 wherein

the effective hydrotreating conditions include a
woenp@ssasur e from about 1500C t o about 4000C, &BCT/US2006/035724

hydrogen partial pressure from about 1.48 to about

20.8 MPa (200 to 3000 psi g)ngﬁ_space velocity from
about 0.1 to about 10 |iquid hourly space velocity
(LHSV), and a hydrogen to feed ratio fromabout 89 to

. 1780, nB/ nB (300 to,10000 SCE H2ZB). 15. The
cBFOHling R BRoel dot fiosh b Ara oo NS Adk wmu o BRToBcR ireat gas
soydeotreating conditions are sel ected such that
cracking of the |ube oil boiling-range raffinate feed

is lim t,ﬁg to |l ess than 10 wt.% conversion, based on
t he wéi ghhe procepwagagsdingito aaim 1 mehereingbe hatlfatremting catalyst

i{]ﬁ%?@éﬁr ﬁ@@o&%ﬁg{rgﬁgﬁﬁé ¥ gfygts;{ﬁgg{?;s&ng“lﬂgégé 20 56 wt.%
of 86RhstBHR: (ROR VIEISGhEdnk raﬁgirl@ ?6' 99%%@% :lédcsé 8(,3@8 Goup

VIIl metals, and m xtures t

Vdanetaiong $uppokrainatetiaiher ei n t he support conpri ses
anor phous or crystalline oxide nmaterials containing

e BFocElEoREeSl 4T fna i o Mherun heneb i Vit i
ChyshaRs 151, R MWixgRkd kﬂ&&%%%@&@@ﬂh@%ﬁ%ﬁﬁ m“@egg is Mo

mat eri al "bel onging to t ass or

ambibaMW.sts. 19. The process according to claim18
wherein the nmesoporous material is selected from

MOM: 41 d 50. 20. The pr. di .
to o & b Biter drePiing doefan | Sholiin ihe Sty EPpeating
; { i shi | 410 2 1 T
NS e 1 A SE M oo, Ben
paridl pessirgifrdig ababiel ¥8to GBERY i(;f.B'MPQ éﬁ@@ weh P%ig), a space

mat erial further conprises at |east one neta

velgelto femabart (bhpebeutt 10 haquidkvarki spats &elocity (LHSV), and a
hd\édr of{n%stc]i nt? %rondi I ons 3, 3
hydrogen to Teed ratio from about 89 to about 1780 m*/m (500 to 10000 SCF
H,/B).
15. The process according to claim 14 wherein the effective hydro-
treating conditions are selected such that cracking of the lube oil boiling-range
raffinate feed is limited to less than 10 wt.% conversion, based on the weight of

the lube oil boiling-range raffinate feed.

16. The process according to claim 1 wherein the hydrofinishing catalyst
comprises a support and at least one metal selected from Group VIB metals,

Group VIII metals, and mixtures thereof,

17. The process according to claim 1 wherein the support comprises
amorphous or crystalline oxide materials containing one or more of alumina,

silica, and silica-alumina.



i ncl ude tenperatures from about 1500C to about 3500C,

total pressure ranges from about 2.86 MPa to about
waQo@/osFm0 (about 400 to 3000 psig), |iquid houPCyuspmee3s724

velocity fromabout 0. 1 to about 5 LHSV (hr"1),

hydrogen treat gas rates of dfiépm about 44.5 to about

1780 nB/nB8 (250 to 10,000 S H2ZB), and hydrogen

partial pressure ranges from about 1.48 MPa to about

20. 200 i b 3000 i . 22. Th

D o ThE BPasS Soeain foetaing | vbapinBiiie Sgishing catalyst
| ing | e shi

CORRIES biiesBpotGiBThaiel bbb dols Rkt SBRST LY Erinyy OF

catahysts.22, further conprising adding to a maj or anount
of the lubricating oil basestock a m nor anmobunt of at

or oot e TGPy FecoB MRS sTaip [ Wb rasgopprous materia

iasasLesn MO UIbSION 493kt Miepage 1 af  nate 1 eed

conprising: (a) extracting a ricating oil feedstock
nt extraction zone with an extraction

in a,gol ] ) i
sol vgat Fﬁﬁ%lﬁ’focééﬁw%ﬁqoif@ﬁg tefclaint 9 wheseinghe declitegs ZISM-48, and
ti.6s-lean raffinate tion containing
w@%@ééﬁ?%ﬁ@%&ﬂ% cgtg yS&SB@PE‘tS%E{f(g&’Ef‘EaSt a portion
of the extraction solvent fromthe aromatics-I| ean
r af f 2hat Bheplogessoaccooding ddekenmal 8 1deedinahd HPeroFidishing
3?}01 I'Ln(?-ran%z raffinate feed, (c) contacting a | ube
CHMYShETPPHENSAGEsorareunaaterfal durtbeneathpiises atileashgaa
: .ergatons wth a.catalytically effective,
R 0AE Wy LSecEliGh PEnBPRgH ad Rnefeif e hy frastishing epagitions
inel W ye Qhegal i
R AR I Bbofl | I a0 Erteshrasper gones
fromsataus 208N tof bt 20 BVIPd ' RftPpdi
a hydrotreated roaf finate; (d)@gt&‘rﬂit%}g&r??t §1§),9fc{ﬁ%‘ﬁ§urly
spage vetocétytfeemrabioit fat eo lyowtdnLHSV (tg™'y Heydrogen treat gas rates
of from about 44.5 to about 1780 m*/m’ (250 to 10,000 SCF H,/B), and
hydrogen partial pressure ranges from about 1.48 MPa to about 20.4 MPa (about

200 psig to about 3000 psig).

22. The process according to claim 1, further comprising separating at

least one lubricating oil basestock from the third-stage reaction product.

23. The process of claim 22, further comprising adding to a major
amount of the lubricating oil basestock a minor amount of at least one additive to

make a finished lubricating oil product.
24. A process to prepare lubricating oil basestocks from lube oil boiling-
range raffinate feed comprising:

(a) extracting a lubricating oil feedstock in a solvent extraction zone

with an extraction solvent under conditions effective at produc-



hydrotreated raffinate with first fres?, once-t hr ough,

hydr ogencontai ning treat gas to separate .
Weﬁb(ﬁmgsasont ai ni nggand ni trogencont ai ni ng specPes/USL@EN35724

the hydrotreated raffinate to produce a stripped

raffinate; (e) contacting thgystripped raffinate with

a catalytically effective anount of a hydrodewaxi ng

catalyst in the presence of the fresh once-through,

b [ reaction
0 s SRR Bt b R GBS
it - [ duct
condi ti ons dx@raptieAld6Refi:S€cond- st age reaction pro
conprising at | east §,estécond-st age gaseous product and

| [ duct ein the
2, seoondy=8haligh Rl BHGon HERCENEDE, o
i i : [ .
LaCTT ror . asbmatel I AIMALERISATB DA & 1ERY e oil

| east a porboilong-tingehafeaeficed;eact i on stage product
to a hydrofinishing reaction stage;(g) contacting the

cascade@) pebhiaetingta [ube oﬁ%ﬁﬁﬁg&% Iita?fg?étg 38&1 BEATNTH e

with a catalytically effective anour _

hydr of ni shinigogea aud/adfirmetéreatonis withepeithlgticsllRefective
oper at ed under ?f£‘ Céri ve hydrofinishing conditions to
produce a PfHIOUHLE E@j oiregtihg eatabyss dw etfirsorepciisi siggt operated

i - ot age ey BT etbths Wilbe peaenpgol
or oduet pr ov SEe Ry e G orohEP oL B peaction stage

stage. (h)teppduae aiydrdtecdiéd raffishrge gaseous product
fromthe third-stage reaction product; and (i)

cascadidp sthigpidy the-15/draRe 88 Bl B EGhtaciihd HRUL

het er ogt%mtgl?speﬂr?gage}gngnt , to the fal r@? reacl%{\ﬂll%n st age.
hydrotreated raffinate with first fresh, once-through, hydrogen-
containing treat gas to separate sulfur-containing and nitrogen-

containing species from the hydrotreated raffinate to produce a

stripped raffinate;

(e) contacting the stripped raffinate with a catalytically effective
amount of a hydrodewaxing catalyst in the presence of the fresh
once-through, hydrogen-containing treat gas in a second reaction
stage operated under effective hydrodewaxing conditions to
produce a second-stage reaction product comprising at least a
second-stage gaseous product and a second-stage liquid product,
wherein the second-stage gaseous product comprises hydrogen

and the second-stage liquid product comprising a dewaxed

raffinate;

(D) cascading, without disengagement, at least a portion of the

second reaction stage product to a hydrofinishing reaction stage;
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(8)

(h)

PCT/US2006/035724

-32.

contacting the cascaded portion of the second-reaction stage
product with a catalytically effective amount of a hydrofinishing
catalyst in the third reaction stage operated under effective
hydrofinishing conditions to produce a third stage reaction
product comprising the third stage gaseous product comprising
hydrogen and a third-stage liquid product comprising a
lubricating oil basestock, wherein the second-stage gaseous

product provides hydrogen for the third reaction stage.

separating the third-stage gaseous product from the third-stage

reaction product; and

cascading the third-stage gaseous product, without heteroatom

disengagement, to the first reaction stage.



