WD 2004/ 033596 PCT/ US2003/ 031740 A METHOD FOR MAKI NG
LUBE BASESTOCKS FI ELD OF THE | NVENTI ON [ 0001] Thi s

w0 moensisen rel ates to a process for preparing PCT/US2003/031740
| ubricating oil basestocks having a high viscosity
index (VI) fromwax containing feeds. More
particularly, a wax containing feedstock is
hydrotreated under mld conditions, catalytically
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extraction require severe operating conditions such as

BACKGROUND OF THE INVENTION

[0002]  Historically, lubricating oil products for use in applications such as
automotive engine oils have used additives to improve specific properties of
the basestocks used to prepare the finished products. With the advent of
increased environmental concerns, the performance requirements for the
basestocks themselves have increased. American Petroleum Institute (API)
requirements for Group II basestocks include a saturates content of at least
90%, a sulfur content of 0.03 wt.% or less and a viscosity index (VI) between
80 and 120. The requirements for Group III basestocks are those of Group II

basestocks except that the VI is at least 120.

[0003]  Conventional techniques for preparing basestocks such as
hydrocracking or solvent extraction require severe operating conditions such as

high pressure and temperature or high solvent:oil ratios and high extraction



hi gh pressure and tenperature or high sol vent: oi
rati os and high extracti on WO 2004/ 033596
WEOMOEE003/ 031740 -2 tenperatures to reach ther©S2003/031740
hi gher basestock qualities. Either alternative
I nvol ves expensive operating conditions and | ow
yi el ds. [00041 Hydrocracki ng has been conbined with
hydrotreating as a prelimnary step. However, this
conmbi nation also results in decreased yields of
lubricating oils due to the conversion to distillates
that typically acconpany t h& hydr ocr acki ng process.
[00051 It would be desirable to have a econoni ca
process for preparing Goup Il basestocks in high
yi el ds by m nim zing conversion to | ow boiling
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invention is directed at a process to. prepare
| ubricating oil basestocks having a VI of about 110
to about 130 froma lube oil boiling range feedstock.

[0004]  Hydrocracking has been combined with hydrotreating as a

preliminary step. However, this combination also results in decreased yields of
lubricating oils due to the conversion to distillates that typically accompany the

hydrocracking process.

[0005] It would be desirable to have a economical process for preparing
Group III basestocks in high yields by minimizing conversion to low boiling
distillates while at the same time producing a product having excellent low

temperature properties, high VI and high stability.



[ 0007] The process conprises: a) conducting a

lubricating oil feedstock to a solvent extraction zone
wa@npah4/0885der ext racting the lubricating oil feedBtDTK2003/031740

under conditions effective at producing at |east an

aromatics-lean raffinate solution; b) renoving at

| east a portion of the extraction solvent fromthe

aromatics- lean raffinate solution to produce a

raffi nate feedstock having a dewaxed oil viscosity

i ndex from about 75 to about 105 and a wax content of

greater than 15 wt.% c) coBtacting the raffinate

feedstock with a hydrotreating catalyst in a first

reacti on stage operated under effective conditions to

produce at |east a gaseous product and a hydrotreated
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[0007)  The process comprises:

a) conducting a lubricating oil feedstock to a solvent extraction zone and
underextracting the lubricating oil feedstock under conditions effective
at producing at least an aromatics-lean raffinate solution;

b) removing at least a portion of the extraction solvent from the aromatics-
lean raffinate solution to produce a raffinate feedstock having a dewaxed
oil viscosity index from about 75 to about 105 and a wax content of
greater than 15 wt.%;

¢) contacting the raffinate feedstock with a hydrotreating catalyst in a first
reaction stage operated under effective conditions to produce at least a
gaseous product and a hydrotreated feedstock

d) stripping the hydrotreated feedstock to separate at least a portion of the
gaseous product from the hydrotreated feedstock to produce a stripped

feedstock; and



metal and is selected fromZSM5, ZSM 22, ZSM 23,

ZSM 35, ZSMt 48, ZSM 57, Beta, SSZ-31, SAPO 11,
WE2BOREIs SAPO-41, MAPO 11, ECR-42, fl uori dedp@l/usionz931740

silica-alumna, fluorided silica alumna, synthetic

Ferrierites, Mdirdenite, Ofretite, erionite,

chabazite, and m xtures thereof thereby producing a

| ubricating oil basestock. [0008] In one enbodinment of

the present invention, a hydrofinished |ubricating

oi | basestock is produced by contacting the

| ubricating oil basestock -With a hydrofinishing

catal yst in a hydrofinishing zone operated under

effective hydrofininishing conditions. DETAILED

DESCRI PTI ON OF THE | NVENTI ON [ 0009] It should be noted
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i nvention are wax- containing feeds that boil in the

| ubrwherteim gaididewaaingecatalysti acomitains htileastoone Gowsp VIII noble
distillation point greater than 650F (343C), neasured

by Aiﬁq\é'l ndGs iectbP 88K1-sangMuIe . genvvEd ZSMimS, ZSM-
m neral” sources, synthetic sources, or a '
48, ZSM-57, Beta, SSZ-31, SAPO-11, SAPO-31, SAPO-41, MAPO-11,
ECR-42, fluorided alumina, silica-alumina, fluorided silica alumina,

synthetic Ferrierites, Mordenite, Offretite, erionite, chabazite, and

mixtures thereof thereby produéing a lubricating oil basestock. -

[0008]  In one embodiment of the present invention, a hydroﬁnished
lubricating oil basestock is produced by contacting the lubricating oil basestock

with a hydrofinishing catalyst in a hydrofinishing zone operated under effective

hydrofininishing conditions.

DETAILED DESCRIPTION OF THE INVENTION

[0009] It should be noted that the terms "feedstock" and "feedstream" as

used herein are synonymous.



m xture of the two. Non-limting exanples of suitable
lubricating oil feedstocks include those derived from
wgeoeunmesIsuch as oils derived from sol vent rePCTURT03/031740

processes such as raffinates, partially sol vent
dewaxed oils, deasphalted oils, distillates, vacuum
gas oils, coker gas oils, slack waxes, foots oils and
the |li ke, and Fischer-Tropsch waxes. [0011] These
feedst ocks may al so have hi gh contents of nitrogen-
and sulfur-contam nants. Feeds containing up to 0.2
wt. % of nitrogen, based on-3f eed and up to 3.0 wt. % of
sul fur can be processed in the present process. Feeds
havi ng a hi gh wax content typically have high
viscosity indexes of up to 200 or nore. Sulfur and

Lﬂbf‘iwgﬁg O He2itocRY be neasured by standard ASTM
629, respectively. WO 2004/ 033596
PCT/ US2003/ 031740 - .6- fiinate.Feedst ogcks 1 21 The
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sol vent extraction process. In a solvent extraction

camainapsfeads tmnbeitph shelibnieatng oiltrange, typisally having a 10%
f eedst ocks defi ned above are solvent extracted. The

digtﬁ’lgar@a@f %&gl}) g_ge%%rQHan B50FE3335C), BddsuRidbF ASTN D B6lore

onents In an aronatics-rich extract

solution whjle |eavi %g t he oy € araffiﬁ{% conponent s
ASTM R&87, and are derived from mineral sources, synthetic sources, or a

mixture of the two. Non-limiting examples of suitable lubricating oil
feedstocks include those derived from sources such as oils derived from solvent
refining processes such as raffinates, partially solvent dewaxed oils,
deasphalted oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots

oils and the like, and Fischer-Tropsch waxes.

[0011]  These feedstocks may also have high contents of nitrogen- and
sulfur-contaminants. Feeds containing up to 0.2 wt.% of nitrogen, based on
feed and up to 3.0 wt.% of sulfur can be processed in the present process.
Feeds having a high wax content typically have high viscosity indexes of up to
200 or more. Sulfur and nitrogen contents may be measured by standard

ASTM methods D5453 and D4629, respectively.



"aromatics-lean raffinate solution". Naphthenes are
di stributed between the extract and raffinate phases.
waypiozdsscol vents for sol vent extracti on i ncl UPET/US2003/031740
phenol, furfural and N-nethyl pyrrolidone. By
controlling the solvent to oil ratio, extraction
tenperature and nmet hod of contacting distillate to be
extracted wth solvent, one can control the degree of
separation between the extract and raffinate phases.
[00131 In the solvent extraction process, the |ube oi
f eedstocks are subjected t® solvent extraction in a
sol vent extraction zone. In the solvent extraction
zone, a lube oil boiling range feedstock as defined
above, is contacted with an extraction solvent. The

R‘.?fﬂrf%@tl?'e@ﬂsﬁ)@’gyem used herein is not critical and
—Ta nt known that has an affinity for
ar omat rocarhons. in ef erenc
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extraction proueks$.olrmasolvient éxtragtiongiveerss as gouternpletedyherein, the
pyrrolidone ("NMP"). Furfural, phenol, and NWP are
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can be acco qll shed l:ﬁ)é Sui tabl e sol.vent ext actl
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sem - batch, or
extract solution while leaving the more paraffinic components in the

"aromatics-lean raffinate solution". Naphthenes are distributed between the .
extract and raffinate phases. Typical solvents for solvent extraction include
phenol, furfural and N-methyl pyrrolidone. By controlling the solvent to oil
ratio, extraction temperature and method of contacting distillate to be extracted

with solvent, one can control the degree of separation between the extract and

raffinate phases.

[0013]  In the solvent extraction process, the lube oil feedstocks are
subjected to solvent extraction in a solvent extraction zone. In the solvent
extraction zone, a lube oil boiling range feedstock as defined above, is
contacted with an extraction solvent. The extraction solvent used herein is not
critical and can be any solvent known that has an affinity for aromatic

hydrocarbons in preference to non-aromatic hydrocarbons. Non-limiting



continuous. It is preferred that the extraction
process be a continuous process, and it is nore
w@reekesisee t hat the continuous process be oper B[ EUS2003/031740
counter- current fashion. In a counter-current
configuration, it is preferred that the | ube oi
boi i ng range feedstream be introduced into the bottom
of an elongated contacting zone or tower and caused
to flowin an upward direction while the extraction
solvent is introduced at the top of the tower and
allowed to flowin a downwdrd direction
counter-current to the upflow ng Iube oil boiling
range feedstream In this configuration, the |ube oi
boiling range feedstreamis forced to pass
C r : tq [
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sol vent and the | ube gil boj I i %Hhﬁn e Qged tock. The
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feedstream thus mgrate to opposite ends of the
contacting zone. WO 2004/ 033596 PCT/ US2003/031740 -8
[ 00151 The contacting of the lube oil boiling range
st rr-gam Wi t b act {.on: :
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aromati cs-lean raffinate solution is then treated to
exteandios selvansaan be apepmplishagby ameswitablesalvent extractipp
cont ai ned therein, thus producing the raffinate used

mthdd. Nepdmhionk dxanples of firhrigsiadabarh, eémi-bagh, or
portion of the extraction sol vent

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 feedstream be introduced into the bottom of an elongated
contacting zone or téwer 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
feedstream. In this configuration, the lube oil boiling range feedstream is
forced to pass counter-currently to the extraction solvent resulting in the
intimate contact between the extraction solvent and the lube oil boiling range
feedstock. The extraction solvent and the lube oil boiling range feedstream

thus migrate to opposite ends of the contacting zone.



can be done by any neans known in the art effective at
separating at least a portion of an extraction
waodMeBEs96 rom an aromatics | ean raffinate sol uPCDNS2003/031740
Preferably the raffinate is produced by separating at
| east a portion of the first extraction solvent from
the aromatics-lean raffinate solution in a stripping
or distillation tower. By at least a portion, it is
nmeant that at |east about 80 vol % preferably about
90 vol % nore preferably 95 vol % based on the
aromatics- lean raffinate sof-ution, of the extraction
solvent is renmoved fromthe aromatics- |lean raffinate
solution. Mst preferably substantially all of the
extraction solvent is renoved. [0016] It should be

[0015¢d tTihé comactiiy aSthe 1abe Hﬂ‘boﬂﬁlé ﬁ%@e feddstreattwith the

solution" is not synonymous wth ‘raffinate”. The
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the solvent has been renmoved, i.e. distilled or

arnmatigselgan raffimatersolutiapischen treptedde semoveasleast a portion of
"raffinate", as used herein, refers to the raffinate
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used herein be under extracted, i.e.,
can be done by any means known in the art effective at separating at least a

portion of an extraction solvent from an aromatics lean raffinate solution.
Preferably the raffinate is produced by separating at least a portion of the first
extraction solvent from the aromatics-lean raffinate solution in a stripping or
distillation tower. By at least a portion, it is meant that at least about 80 vol%,
preferably about 90 vol%, more preferably 95 vol%, based on the aromatics-
lean raffinate solution, of the extraction solvent is removed from the aromatics-
lean raffinate solution. Most preferably substantially all of the extraction

solvent is removed.

[0016) It should be noted that the phrase "aromatics-lean raffinate solution"
is not synonymous with the "raffinate". The phrase "aromatics-lean raffinate
solution" is meant to refer to the products of solvent extraction before the
solvent has been removed, i.e. distilled or stripped, from the respective phases.

Thus, "raffinate”, as used herein, refers to the raffinate product after at least a



the extraction is carried out under conditions such
that the raffinate yield is mnmaximzed while still
WO 20mW33596 nost of the | owest quality nol ecul esp€T/ORIE31740
feed. Raffinate yield may be maxi m zed by controlling
extraction conditions, for exanple, by lowering the
solvent to oil treat ratio and/ or decreasing the
extraction tenperature. The raffinate fromthe sol vent
extraction unit is stripped of solvent and then sent
to a hydrotreating unit (zope) containing a
hydrotreating catal yst. [003“8] The raffinate feedstock
to the hydrotreating zone is extracted to a dewaxed
oil viscosity index of from about 75 to about 105,
preferably 80 to 95, nore preferably about 80 to
pétRsHloriRe sdivent @htdingd i fheedrdmsticsdehh raffintd@igtion has
wax content greater than about 15 wt. % wax, preferably
greater than about 40 wt.% wax. The wax content of a
bgead8MAY§dhe det er mi ned by nucl ear magnetic resonance
spectroscopy (ASTM D5292), by correl ati ve ndM net hods
(ASTM D3238) or by solvent nmeans (ASTM D3235). WO
2004/ 033596 PCT/ US2003/031740 -10 Hydrotreating
[Ob?‘alg 1R rpfrg‘ﬁégﬁﬁgﬁﬁ%é ReFfinbfe8 1s8d Rkdtith e Andet HQBRted, i.c.,
eff'ective'for hydrotreating such as catalysts

containing at .| east ope netal sel ect.ed fromG.ou l.
thgexgastion % Garried out under conditions Su tchaq the ratfinate ﬁel\c{ is

| maximized while still removing most of the lowest quality molecules from the
feed. Raffinate yield may be maximized by controlling extraction conditions,
for example, by lowering the solvent to oil treat ratio and/or decreasing the
extraction temperature. The rafﬁnate from the solvent extraction unit is

stripped of solvent and then sent to a hydrotreating unit (zone) containing a

hydrotreating catalyst.

[0018]  The raffinate feedstock to the hydrotreating zone is extracted to a
dewaxed oil viscosity index of from about 75 to about 105, preferably 80 to 95,
more preferably about 80 to about 85. The raffinate feedstock will also have a
wax content greater than about 15 wt.% wax, preférably greater than about 40
wt.% wax. The wax content of a feed may be determined by nuclear magnetic
resonance spectroscopy (ASTM D5292), by correlative ndM methods (ASTM

D3238) or by solvent means (ASTM D3235).



Goup VII'l nmetals, and m xtures thereof. Preferred
nmetal s include nickel, tungsten, nolybdenum cobalt
wa@pah4083sbair es t hereof. These netal s or m xt ur eBCT/052003/031740
netals are typically present as oxides or sulfides on
refractory netal oxide supports. The anount of
nmetals, either individually or in mxtures, for
supported catal ysts ranges fromabout 0.5 to 35 wt. %
based on the catalyst, while if a bulk or unsupported
catalysts is used, the netals content can range as
high as 98 wt.% based on the& catalyst. In the case of
preferred m xtures of Goup VIII netals with G oup Vi
netals, the Goup VIIl netals are present in anounts
rangi ng fromabout 0.5 to 5 wt.% based on catal yst

HdotFeatiggoup VI netals are present in anounts
ranging fromabout 5 to 30 w.% The anounts of

l's neasur ed by .atom c .absorption .
GRS S o e filaa IS s uhop SBriY oy hrotreating
em ssi on spectrometry or other methods specified by
suxdTad datalybts giontadniag atrisast ene neGR GtleTied foorrGtoupaVl metals,
catal ysts used herein can be either supported, or
GROK VOIT HERI) BRA hA%turEOMRYRST Préfelag rﬁé’tgfsq}x{:ﬁﬁ%'nri'&el
catalyst is supported, 1t 1s inportant that the netal
oxi de suppoyt used for the hydrotreati cat al ysts WO
tuBgseR oRebdRlenin Gebelb and Suutes thexeote Ticse Fretals or mixtures
non-acidic so as to control cracking. A useful scale
ofuhetad atiettypicatly present as oxides or sulfides on refractory metal oxide

supports. The amount of metals, either individually or in mixtures, for |
supported catalysts ranges from about 0.5 to 35 wt.%, based on the catalyst,
while if a bulk or unsupported catalysts is used, the metals content can range as
high as 98 wt.%, based on the catalyst. In the case of preferred mixtures of
Group VIII metals with Group VI metals, the Group VIII metals are present in
amounts ranging from about 0.5 to 5 wt.%, based on catalyét and the Group VI
metals are present in amounts ranging from about 5 to 30 wt.%. The amounts
of metals may be measured by atomic absorption spectroscopy, inductively
coupled plasma-atomic emission spectrometry or other methods specified by

ASTM for individual metals.

[0020]  The hydrotreating catalysts used herein can be either supported, or
bulk or unsupported. However, if the hydrotreating catalyst is supported, it is

important that the metal oxide support used for the hydrotreating catalysts



catal ysts is based on the isonerization of
2-nmet hyl - 2- pentene as descri bed by Kranmer and
wokN4oBEPe J. Catal ysis, 92, 355 (1985). In thPeT/SSHI0&031740
of acidity, 2- methyl-2-pentene is subjected to the
catal yst to be evaluated at a fixed tenperature,
typically 200C. In the presence of catalyst sites,
2-met hyl -2- pentene forns a carbeniumion. The
i sonerization pathway of the carbenium ion is
indicative of the acidity of active sites in the
catal yst. Thus weakly acidilt-sites form
4- et hyl - 2- pent ene whereas strongly acidic sites
result in a skeletal rearrangenent to
3-nmet hyl -2-pentene with very strongly acid sites
he ' -
hERATRBflog: %édé?gﬁ‘s?%‘% gt %ﬁafm% B IREBL A 8 Ridiy for
ela scal e of aC|g mhlch ranges from
%‘aEYStStlé Oﬂ/aﬁflsmkmﬂmp ?-ﬂn%thb’b% Rentenerasdesoebedby
near 0.0 mhereas very strongly acidic sites will have

KraineesndMu\bakéi, GgCdtabysisTI9e, 355 1988)s Iﬂ%lﬁ%lé;halbfbfakhﬁty 2-
present process have acidity val ues of Iess t han abouf
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met-al e supp OFt e Can be
pronot ers and/ or d$ants or by control I ing the nature

terperfurerdyRically 208 s ippheraresesicg of caiplysesites i 2-methyil e

amount of silica incorporated |nto a silica-alumna
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hal ogen, especially fluorine, phosp or us, ~“boron,
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acidic%lites form é‘l-methyl~2-pentene whereas strongly acidic sites result in a
skeletal rearrangement to 3-methyl-2-pentene with very strongly acid sites
forming 2,3-dimethyl-2-butene. The mole ratio of -methyl-2-pentene to 4-
methyl-2-pentene can be correlated to a scale of acidity, which ranges from 0.0
to 4.0. Very weakly acidic sites will have values near 0.0 whereas very
strongly acidic sites will have values approaching 4.0. The catalysts useful in
the present process have acidity values of less than about 0.5, preferably less
than about 0.3. The acidity of metal oxide supports can be controlled by
adding promoters and/or dopants, or by controlling the nature of the metal .
oxide support, €.g., by controlling the amount of silica incorporated into a
silica-alumina support. Examples of promoters and/or dopants include

halogen, especially fluorine, phosphorus, boron, yttria, rare-earth oxides and

magnesia. Promoters such as halogens generally increase the acidity of metal



WD 2004/ 033596 PCT/ US2003/ 031740 -12 oxide supports
while mldly basic dopants such as yttria or nmagnesia
WO eond/083596 decr ease the acidity of such supportBCT/IODBIH31740
Sui tabl e nmetal oxide supports include |ow acidic
oxi des such as silica, alumna or titania, preferably
alum na. Preferred alum nas are porous alum nas such
as ganma or beta having average pore sizes fromb50 to
200A, preferably 75 to 150A, a surface area from 100
to 300 n2/g, preferably 150 to 250 nR/g and a pore
volune of fromO0.25 to 1.01énB/g, preferably 0.35 to
0.8 cnB/g. The supports are preferably not pronoted
with a hal ogen such as fluorine as this generally
increases the acidity of the support above 0.5. [0022]
‘ i bt kbiéteas pibdh bt ARigniesianend to
o R e ey e
ni ckel / nol.ybdenum. (1-5% Ni as oxi de, 10-25% Co as
deesﬁaa%}heo%ﬂ%i%& PUGH PO (1-5% Ni as oxide, 10-30% W
as oxide) on alumna. Especially preferred are
ni ckel / nol ybdenum cat al ysts such as KF- 840. [0023]
Ef fective hydrotreating conditions as used herein
i ca : : r i i
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fera a hydrogen partial pressure
silgae;%%fg%gzt};?jaf ]gr7e§gra I;)faahgr%cl)lg)a. tﬁre%é)r?gd gl%'rﬂ}las are porous
aluminas such as gamma or beta having average pore sizes from 50 to 2004,
preferably 75 to 1504, a surface area from 100 to 300 m?/g, preferably 150 to
250 m*/g and a pore volume of from O‘.25 to 1.0 cm*/g, preferably 0.35 to 0.8
cm’/g. The supports are preferably not prbmoted with a halogen such as

fluorine as this generally increases the acidity of the support above 0.5.

[0022]  Preferred metal catalysts include cobalt/molybdenum (1-5% Co as
oxide, 10-25% Mo as oxide) nickel/molybdenum (1-5% Ni as oxide, 10-25%
Co as oxide) or nickel/tungsten (1-5% Ni as oxide, 10-30% W as oxide) on

alumina. Especially preferred are nickel/molybdenum catalysts such as KF-

840.

[0023]  Effective hydrotreating conditions as used herein typically include
temperatures of from 150 to 400°C, preferably 200 to 350°C, a hydrogen partial

pressure of from 1480 to 20786 kPa (200 to 3000 psig), preferably 2859 to



WD 2004/ 033596 PCT/ US2003/031740 -13 13891 kPa (400
to 2000 psig), a space velocity of fromO.1 to 10
wo pgpgiosBsbour |y space velocity (LHSV), preferabtpuS2003/031740

to 5 LHSV, and a hydrogen to feed ratio of from89 to

1780 nB/nB8 (500 to 10000 scf/B), preferably 178 to 890

n3/ n8. [00241 Hydrotreating reduces the anmount of

nitrogen- and sul fur-containing contam nants to

| evel s that will not unacceptably affect the dewaxi ng

catalyst in the subsequent dewaxing step. Al so, there

may be certain pol ynucl ear -1&romatic species that wll

pass through the present mld hydrotreating step.

These contam nants, if present, will be renoved in a

subsequent hydrofinishing step. [00251 Effective

1389l RP 0 tih@s

c%‘%’d. D ), et Felg gy bERCR 011 QL] g
| ess han 3 wt.

f.1 sto refer

SI?ﬂ'}F C Wmﬂpé%@fﬁ‘ﬂgﬁ bias ?«5%5‘6@%&1 ¥erngendy f@qsi ratio

650F (3430 m nus products. Effective hydrotreatin

offroti 89 tn$780 m’ 4’ s(dOOltoé@OOO atf/BWmefesﬂblydﬂ@dowgﬁf

a hydrotreated feedstock whose VI increase is |ess

than 4, preferably less than 3, nore preferably |ess

than 2 greater than the VI of the feedstock. The high-
results in m ninal

ﬁ)@gt éef%%?%t% u ei%?aé?éfq?% pitFEesr @pd sulfur-containing
contaminants to levels that will not unacceptably affect the dewaxing catalyst
in the subsequent dewaxing step. Also, there may be certain polynuclear
aromatic species that will pass through the present mild hydrotreating step.

These contaminants, if present, will be removed in a subsequent hydrofinishing

step.

[0025]  Effective hydrotreating conditions are considered those conditions

- which when selected, result in less than 5 wt.% of the feedstock, preferably less
than 3 wt.%, more preferably less than 2 wt.%, being converted to 650°F
(343°C) minus products. Effective hydrotreating conditions are also those that
when selected produce a hydrotreated feedstock whose VI increase is less than
4, preferably less than 3, more preferably less than 2 greater than the VI of the
feedstock. The high wax contents of the present feeds results in minimal VI

increase during the hydrotreating step.



WD 2004/ 033596 PCT/ US2003/ 031740 -14 [00261 The
hydrotreat ed feedstock may be passed directly to the
waolewaxsisge step or preferably, stripped to renp@BUS2003/031740
gaseous contam nants such as hydrogen sulfide and
amoni a prior to dewaxing. Stripping can be by
conventional neans such as flash drunms or
fracti onators. Dewaxing Catal yst [00271 The dewaxi ng
catal yst may be either crystalline or anorphous.
Crystalline materials are nol ecul ar sieves that
contain at |east one 10 or-142 ring channel and may be
based on alum nosilicates (zeolites) or on
al um nophosphat es such as silicoal um nophosphat es
(SAPO s) and MAPO s. Zeolites used for oxygenate

at b dddrecthto tlatenelxi
O B IRk ot gombing

-ZSM 35 M 48, ZSM 57 ferrlerlte
s A o T Rove Shicors bt Sl&%!h%ﬁ?fﬁ&e“
at | east one 10 ring channel include ECR-42. npl es
sutfidemiccamimmisprvet dovaxingi Strigpingicag be mmmvgntlonal
i nclude zeolite beta, and MCM 68. The nol ecul ar

tent Nunmbers 5, 246, 566,
m%"ln%g?égggﬂagﬁg%rh?%fﬂa&l%?g%ﬂ 4, 285 747, 5,075, 269
and 4,440,871. MCM68 is described in US Patent No.

6, 310, 265. MCM 71 and

Dewaxing Catalyst .
[0027]  The dewaxing catalyst may be either crystalline or amorphous.

Crystalline materials are molecular sieves that contain at least one 10 or 12 ring
channel and may be bésed on aluminosilicates (zeolites) or on |
aluminophosphates such as silicoaluminophosphates (SAPO's) and MAPO's.
Zeolites used for oxygenate treatment may contain at least one 10 or 12
channel. Examples of such zeolites include ZSM-22, ZSM-23, ZSM-35, ZSM-
48, ZSM-57, ferrierite, ITQ-13, MCM-68 and MCM-71. Examples of
aluminophosphates containing at least one 10 ring channel include ECR-42.
Examples of molecular sieves containing 12 ring channels include zeolite beta,
and MCM-68. The molecular sieves are described in US Patent Numbers
5,246,566, 5,282,958, 4,975,177, 4,397,827, 4,585,747, 5,075,269 and
4,440,871. MCM-68 is described in US Patent No. 6,310,265. MCM-71 and
ITQ-13 are described in PCT published applications WO 0242207 and WO

0078677. ECR-42 is disclosed in US 6,303,534. Suitable SAPQ's for use



I TQ 13 are described in PCT published applications WO
0242207 and WO 0078677. ECR-42 is disclosed in US
WG2890835%!. Suitable SAPO s for use WO 2004/ 03B5P6S2003/031740
PCT/ US2003/ 031740 -15 herein include SAPO- 11, SAPO 3
1, SAPO-4 1, and suitable MAPO s include MNAPO 11.
SSZ-31 is also a catalyst that can be effectively used
herein. Preferred catal ysts include ZSM 48, ZSM 22
and ZSM 23. Especially preferred is ZSM48. The
nol ecul ar sieves are preferably in the hydrogen form
Reduction can occur in sitd3during the dewaxing step
itself or can occur ex situ in another vessel. [0028]
Anor phous dewaxi ng catal ysts i nclude al um na,
fluorided alumna, silica-alunina, fluorided

he]r# béﬁ@l’u?al s AN AP '3an'9\P0"4'Taaﬁ’<P§1ﬁEa M‘ Wﬁclnde

ch catal'yét's are descri exanpl e
in US Patent Nos. 4,900, 3,36
MARRAi 1n SS4B4115 3lse aLF@é%lYPFe‘géﬁ ??na‘i’"e ?qt{}'ﬁg( P%erﬁﬁ‘ilerem

i.e., they are loaded with at | east one netal

Pﬂeféilfmalys@ inelad® ZSdH48, HSMI22 and 28Me23 e Espeoiallyr oup
metals, Goup VIII et al s, or mxtures thereof.

LA T LR LA ‘é‘“r‘r‘ét“ﬁ@%uch

Pt, Pd or m xtures thereof. These met al s
formadRsdlustion lsan pgewr isfsity, during the dewaxinggep é}S £ or can occur
catal yst. Catal yst preparation and

ex situ in another vessel.

[0028]  Amorphous dewaxing catalysts include alumina, fluorided alumina,
silica-alumina, fluorided silica-alumina and silica-alumina doped with Group
IIIB metals. Such catalysts are descﬁbed for example in US Patent Nos.
4,900,707 and 6,383,366. The dewaxing catalysts used herein are bifunctional,
i.e., they are loaded with at least one metal hydrogenation component, which is
selected from Group VI 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 US Patent No. 6,294,077,
and include for example ion exchange and impregnation using decomposable

metal salts. Metal dispersion techniques and catalyst particle size control



nmetal | oadi ng nethods are described for exanple in US
Patent No. 6,294,077, and include for exanple ion
wezehassFec and | npregnati on usi ng deconposabl e PeBUS1003/031740
salts. Metal dispersion techniques and catal yst
particle size control WO 2004/033596 PCT/ US2003/ 031740
-16 techni ques are described in US Patent No.
5,282,958. Catalysts with snall particle size and
wel | -di spersed netal are preferred. [0029] The
nol ecul ar sieves are typically conposited w th binder
materials which are resistént to hi gh tenperat ures
whi ch nay be enpl oyed under dewaxing conditions to
forma finished dewaxi ng catalyst or may be binderl ess
(sel f bound). The binder materials are usually

tei:m?ahga@b&: R5tABSd RHOR BsertiNG.53282,058nCatalysts with small
sili'ca-al um nas, binary conbinations of silicas with

ot.her .nmet a xij.des such as ti i magnesi a, thori a,
PaZTIF]@oﬁH?eaa‘HLWeﬁF@SP?rQ@JE’ﬁE??taéer Pﬁtez%}\}'gd'conbi nations of

t hese oxides such as silica-alumna -thoria and

silica-alum na magnesia. The anmount of nol ecul ar

sieve in the finished dewaxing catalyst is from10 to

[0&%@;1 p ’I?lfelerhéfé'cﬁlag 3ievBs A 0yPlcally coagRited wiel bindet materials

catal ysts are forned by nethods such spray

drying, extrusi.an, and the |ike. The .dewax n yst
whigh 58 resjgtant 1 high Temperakugs Hf’l‘ilh%b’f‘%eoeé‘apxl%g%ﬁggﬁjd i's

preferably in the sulfided form i
dewaxing conditions to form a finished dewaxing catalyst or may be binderless

(self bound). The binder materials are usually inorganic oxides such as silica,
alumina, silica-aluminas, binary combinations of silicas with other metal
oxides such as titzjlnia, magnesié, thoria, zirconia and the like and tertiary
combinations of these oxides such as silica-alumina -thoria and silica-alumina
magnesia. The amount of molecular sieve in the finished dewaxing catalyst is
from 10 to 100, preferably 35 to 100 wt.%, based on catalyst. Such catalysts
are formed by methods such spray drying, extrusion and the like. The

dewaxing catalyst may be used in the sulfided or unsulfided form, and is

preferably in the sulfided form.

[0030]  Effective dewaxing conditions as used herein includes temperatures
of from 250 - 400°C, preferably 275 to 350°C, pressures of from 791 to 20786
kPa (100 to 3000 psig), preferably 1480 to 17339 kPa (200 to 2500 psig),

liquid hourly space velocities of from 0.1 to 10 hr, preferably 0.1 to 5 hr'! and



[0030] Effective dewaxing conditions as used herein

i ncl udes tenperatures of from 250 - 400C, preferably
WQ7ZW410835360C, pressures of from 791 to 20786 RECHUSD0D031740

to 3000 psig), preferably 1480 to 17339 kPa (200 to

2500 psig), liquid hourly space velocities of from

0.1 to 10 h{', preferably 0.1 to 5 hr"' and WO

2004/ 033596 PCT/ US2003/031740 -17 hydrogen treat gas

rates from45 to 1780 nB/nB (250 to 10000 scf/B),

preferably 89 to 890 nB/n8 9500 to 5000 scfB).

Hydrofi nishing [0031] In d preferred enbodi nent, at

| east a portion of the product from dewaxing is

passed directly to a hydrofinishing step w thout

dlsengagenent It is preferred to hydrofinish the

%emreﬁtegaslrhte@gfrdm @510 488 inwgm?® (250 el0000 scid)yst
pro ct qualities to desired specifications.

prifratyad OB o Ea009 s8BFange ol ef i ns and

residual aromatics as vveII as to renoving any
remai ni ng heteroatons and col or bodies. The post

I‘Idewaxi ng, h gr ofinishing is usually carried out in
_xﬂssﬁg@_wﬁ the dewaxing step. Generally the
o AR e oo
q@é&';g ?é;;ic’;ssgr 6398&; 53 éydrogJ nér%ip%gr E@g@ﬁﬁo&t%ﬁe%%&em@ﬁt It
is preferred to hydrofinish the product resultmg from dewaxing in order to
adjust product qualities to desired specifications. Hydrofinishing is a form of -
mild hydrotreating directed to saturating any lube range olefins and residual
aromatics as well as to removing any remaining heteroatoms and color bodies.
The post dewaxing hydrofinishing is usually carried out in cascade with the
dewaxing step. Generally the hydrofinishing will be carried out at temperatures
from about 150°C to 350°C, preferably 180°C to 250°C. Total pressures are
typically from 2859 to 20786 kPa (about 400 to 3000 psig). Liquid hourly
space velocity is typically from 0. 1 to 5 LHSV (hr'"), preferably 0. 5 to 3 hr!

and hydrogen treat gas rates of from 44.5 to 1780 m>/m’ (250 to 10,000 scf/B).

[0032)  Hydrofinishing catalysts are those containing at least one metal
selected from Group VI metals, Group VIII metals, and mixtures thereof.

Preferred metals include at least one noble metal having a strong hydrogenation



space velocity is typically fromO. 1 to 5 LHSV
(hr""), preferably 0. 5to 3 hr-1 and hydrogen treat
w@am4nadses of from44.5 to 1780 nB/ nB (250 t o ROT/O803/031740
scf/B). [0032] Hydrofinishing catalysts are those
containing at | east one netal selected from G oup VI
nmetals, Goup VIII netals, and m xtures thereof.
Preferred netals include at | east one noble netal
havi ng a strong hydrogenati on WO 2004/ 033596
PCT/ US2003/ 031740 -18 function, especially platinum
pal | adi um and m xtures t herl®of . The mixture of netals
may al so be present as bul k nmetal catal ysts wherein
the amount of nmetal is 30 w.%or greater based on
catal yst. Suitable netal oxide supports include |ow

fuRElGh Cesﬁééigﬁg P?Mﬁﬁm@%yaﬂ'ahhﬁl@ an@ifhutes thieréoft a-THeutixtae of

or tit f er abl alum na. The preferred

G LIS BB  TRVETLAE i pon

hydr ogenati on function on porous support. Typical
isS0ppnYS omgrteeterr based mbatabrsan&m;ﬂw@: metal evide swmrtsemclude
oxi de materials such as alunmina, silica, and

loW %él&ﬁ? 6’311 h a-Egs‘ghéﬁe bRImin@ diRPA-ahfthinab Or Gitdrad Ystbfersbly

en as out 20 melght percent for non-noble

al ggltug'c{ o e};ﬁq{fﬁﬁ@gﬁn@hg&gu%@ %égégrso%lés%aﬂlratwn will
hydr of i ni Shl ng catalyst is preferably a nesoporous

comprese #lleast@nemgétabhdving helatisedy Strohg dydoogehatipn fumgtion on
catal ysts. The M41 S fanily of

a porous support. Typical support materials include amorphous or crystalline

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

of the catalyst is often as high as about 20 weight percent for non-noble metals.

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

[0033]  The hydrofinishing catalyst is preferably a mesoporous material
belonging to the M418S class or family of catalysts. The M41S family of
catalysts are mesoporous materials having high silica contents whose
preparation is further described in J. Amer. Chem. Soc., 1992, 114, 10834.
Examples included MCM-41, MCM-48 and MCM-50. Mesoporous refers to
catalysts having pore sizes from 15 to 100 A. A preferred member of this cléss
is MCM-41 whose preparation is described in US Patent No. 5,098,684.
MCM-41 is an inorganic, porous, non-layered phase having a hexagonal

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



catal ysts are nesoporous materials having high silica

contents whose preparation is further described in J.
wdoen/03Bem Soc., 1992, 114, 10834. Exanpl esp¢nokrooso31740

MCM 41, MCM 48 and MCM 50. Mesoporous refers to

catal ysts having pore sizes from15 to 100 AL A

preferred nenber of this class is MCM 41 whose

preparation is described in US Patent No. 5,098, 684.

MCM 41 is an inorganic, porous, non-layered phase

havi ng a hexagonal arrangenent of uniformy-sized

pores. The physical structur9e of MCM 41 is WO

2004/ 033596 PCT/ US2003/031740 19 like a bundl e of

straws wherein the opening of the straws (the cell

di aneter of the pores) ranges from1l5 to 100

N trons. 48 has cubic s ' .

g B b s Pl e Sahg A TRE Rpbvs TG g jameter of
whereas MCM 50 has a lanellar structure. MCM 41 can
thegomes) eangestrainfliSetoekl0 Angsrqras. eM{dnfthhas p gubicheymmetry
nmesopor ous ranger The nesoporous nmaterials may bear a
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oup VITl netal. Preferred are Goup VIII noble
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conditions include tenperatures from about 150C to
thasAGoppraafsanngd.y ThE G€sopordBs Gatdwala mayobess sumetal ar e
typically from 2859 to 20786 kPa (about 400 to 3000

hﬁﬁ'bgénation component which is at least one Group VIII metal. Preferred

are Group VIII noble metals, most preferably Pt, Pd or mixtures thereof.

[0034]  As stated above, typical hydroﬁnishing conditions include
temperatures from about 150°C to 350°C, preferably 180°C to 250°C. Total
pressures are typically from 2859 to 20786 kPa (about 400 to 3000 psig).
Liquid hourly space velocity is typically from 0. 1 to 5 LHSV (hr'"), preferably
0. 5 to 3 hr'’ and hydrogen treat gas rates of from 44.5 to 1780 m*/m® (250 to
10,000 scf/B). Effective hydroﬁnishing conditions, as used herein, are
conditions within the above-defined ranges that when used in conjunction with
the selected hydrofinishing catalyst results in a lubricating oil product meeting

the desired specifications, i.e. color, etc.

[0035]  The lubricating oil basestocks resulting from the presently disclosed

process will have viscosity indexes ("VI") of about 110 to about 130,



Li quid hourly space velocity is typically fromO. 1 to
5 LHSV (hr"), preferably 0. 5 to 3 hr"'" and hydrogen

wo e@an3gas rates of from44.5 to 1780 nB/ nB8 ( 2BOT/US2003/031740
10,000 scfB). Effective hydrofinishing conditions, as
used herein, are conditions wthin the above-defined
ranges that when used in conjunction with the
sel ect ed hydrofinishing catalyst results in a
| ubricating oil product neeting the desired

specifications, i.e. color, etc. 100351 The
| ubricating oil basestock5'ﬁ@sult|ng fromthe
presently disclosed process will have viscosity

i ndexes ("VI") of about 110 to about 130, WO
2004/ 033596 PCT/ US2003/ 031740 -20 preferably about

pidferdbdy absutt] 1520.abbhie$25 bﬂ‘ﬁ@ﬁ Bsksodkd WilkhE6 H¥é@xcellent

excellent wvolatility and | ow tenperature properti es.
1.T1 S nis directed to preferred

Vé%g%@}’ ﬁ%@f%wg 5?{%% 8?5@%?? ¥nvention. Those skilled
inthe art will recognize that other enbodi nents that

are equally effective could be devised for carrying
out the spirit of this invention. 100371 The

[603k] oviTig zﬂ?@ﬁb’é’ﬂie@@n%ﬁd)ﬂ id ditdesdd & \}?refdifed e!iﬁssefﬁ’i’ems of the
ef fecti veness of present in ention, IS not
present mventkc&nm ’I‘h(t)src]ees 1n tthela%\/\%] } Ire%ggmzeaﬂgt ot{las hi-on.

embodiments that are equally effective could be devised for carrying out the

spirit of this invention.

[0037]  The following examples will illustrate the improved effectiveness of
the present invention, but is not meant to limit the present invention in any
fashion.
EXAMPLES

- EXAMPLE 1
[0038] A raffinate having a Viscosity Index ("VI") of 90, (following solvent
dewaxing) and having a wax content of 15wt.% was used to produce a
basestock having a dewaxed oil VI of 115. The raffinate was hydrotreated at
370°C, hydrogen 'pressure of 1800 psi, and liquid hourly space velocities | |
("LHSV") 0of 0.35 hr''. The raffinate was hydrotreated with a commercial
catalyst obtained from Akzo Nobel and marketed under the name KF —846. The

results of this Example are contained in Table 1 below.



EXAVMPLES EXAMPLE 1 [00381 A raffinate having a
Viscosity Index ("VI") of 90, (follow ng sol vent
waolewaxsssg) and having a wax content of 15wt . % PEEUSBO8/031740

to produce a basestock having a dewaxed oil VI of
115. The raffinate was hydrotreated at 370C, hydrogen
pressure of 1800 psi, and liquid hourly space
velocities ("LHSV') of 0.35 hr-1. The raffinate was
hydrotreated with a commercial catalyst obtained from
Akzo Nobel and marketed under the nane KF-840. The
results of this Exanple are2éontained in Table |
bel ow. WD 2004/ 033596 PCT/ US2003/ 031740 -21- EXAMPLES
2 AND 3 10039] It should be noted that the Exanples
that follow, nanely Exanples 2 and 3, are based on
i nformati on derived from nodels and estimtes from
rel ated experinents. These exanples illustrate

I s upgrading a raffinate to 115 VI but

a conbi nation of hydrotreating and

hydr odewaxi ng. (A hydrofinishing step would normal |y
[B9Lsedt shod b@dlﬁi@% thas theExaroples that folewnnamely Examples 2

consi dered germane to denonstrating the invention)

aﬁg tsa lﬁl%gt%isgd; bn W#fRFmAHbN MEHY O R hitle KRS éstintatls ﬁ%m €
related experiments. These examples illustrate approaches to upgrading a
raffinate to 115 VI but instead using a combination of hydrotreating and
hydrodewaxing. (A hydrofinishing step would normally be used in a
commercial process but was not considered germane to demonstrating the

invention) The catalyst used for hydrodeWaxing comprises a noble metal on a

bound zeolite (ZSM-48).

[0040]  The key properties of the solvent dewaxed basestock aré the
relationship between the kinematic viscosity and volatility and formulated oil
low temperature properties. A volatility of less than 15% Noack is excellent for
a viscosity of 4.5 ¢St @ 100C. The Mini-Rotary Viscosity (MRV) in a SW30

formulation was measured at 35,000 cP.



bound zeolite (ZSM 48). (0040] The key properties of
the sol vent dewaxed basestock are the relationship
whedmszot he ki nematic viscosity and vol atil i t pCEIS2003/031740
fornulated oil |ow tenperature properties. A
volatility of |less than 15% Noack is excellent for a
viscosity of 4.5 ¢St @100C. The Mni-Rotary Viscosity
(MRV) in a 5W0 fornulation was neasured at 35, 000
cP. WD 2004/ 033596 PCT/ US2003/ 031740 -22- EXAWPLE 2
[0041] The raffinate used in this Exanple was the sane
as described in Exanple 1-dbove. The hydrotreating
condi tions included tenperatures of 360- 380C,
pressures up to 2500 psig and liquid hourly space
velocities ("LHSV'). of 0.2 to 2 hrf', along wth
ExAMPIZ 20 the sane KF-840 catal yst of Exanple 1. The
—hydrodewaxi ng conditions conditions needed to achieve

t arget ur ojnt,of -1 8 C are in the rang 30
190850 Rl o8 B i Faampls s Desomenss daspBedimmy
a LHSV of 1.0 v/v/hr. [0042] Thus, in this Exanple,
Exdrapleal abona. eThebydrptheating aomditions prebededetemperatures of 360-
hydrotreated raffinate having a VI of 108. The

I.é I f~q : oL M "
S0, S 0, A Rl S U D)
oth(?%ltg 3 }far'l, along with utilizing the same KF-840 catalyst of Example 1.
The hydrodewaxing conditions conditions needed to achieve the target pour

point of -18°C are in the range 330 to 340°C for a process operating at 1800 psi

H, and at a LHSV of 1.0 v/v/hr.

[0042]  Thus, in this Example, the raffinate was hydrotreated to produce a
hydrotreated raffinate having a VI of 108. The hydrotreated raffinate was then
dewaxed under the conditions described above to produce a basestock having a

VI of 115. The results of this Example are contained in Table 1, below.

EXAMPLE 3

[0043]  As mentioned above, Example 3 also used a two step process
involving hydrotreating under conditions similar to those outlined in Examplé 1
above followed by hydrodewaxing. However, the raffinate used in this

Example was an underextracted raffinate having a wax content of 15wt.% and



VI of 115. The results of this Exanple are contained

in Table 1, bel ow.

EXAMPLE 3 [0043] As nentioned

w@bone33skkanpl e 3 al so used a two step processPCT/US2003/031740
i nvol ving hydrotreating under conditions simlar to
those outlined in Exanple 1

hydr odewaxi ng. However,

above fol |l owed by
the raffinate used in this

Exanpl e was an underextracted raffinate having a wax

content of 15w . % and WD 2004/ 033596 PCT/ US2003/ 031740
-23 a VI of 83 (dewaxed oil
conditions were simlar to23those described above in

Exanpl e 2. 100441 In this Exanple,
raffi nate was hydroteated to
underextracted raffinate having a Vi

basi s) .

The hydr odewaxi ng

t he underextracted
produce a hydrotreated
of 108. The

a \Y g"f%g @ehe /B Ba&X). e RYdioaE WaRHeecodftidieRere similar to
hydr odewax

ed to produce a " basestock having a VI of

115. The results
thosmeescribed abgye !
Hydrotreating Hydrotreating + Hydrotreating +

f thjs, Exanple are contained in
I’Epif %xanpl e 1 Exanple 2 Exanple 3

dr odewaxi n Hydr odewaxi ng

only H

[0044]  In this Example, the underextracted raffinate was hydroteated to

produce a hydrotreated underextracted raffinate having a VI of 108. The

hydrotreated underextracted raffinate was then hydrodewaxed to produce a

basestock having a VI of 115. The results of this Example are contained in

Table 14 below.

TABLE1

Example 1 Example 2 Example 3
Hydrotreating Hydrotreating + Hydrotreating +
only Hydrodewaxing Hydrodewaxing
90 90 83

Raffinate, Feed VI
Hydrotreating 115 108 108
(DWO VI Target)
Basestock
Properties
VI (Viscosity Index) 115 115 115
Viscosity, 100°C ¢St 4.5 4.7 4.5
Noack Volatility, % 14.5 16 14.5
Formulated Oil 35,000 20,000 20,000
MRYV, cP
Yield Base + ++




90 90 83 Raffinate, Feed VI Hydrotreating 115 108 108
(DWO VI Target) Basestock Properties VI (Viscosity
wo paba03358d5 115 115 Viscosity, 100C cSt 4.5 4. FCHWUS2003/031740
Noack Volatility, % 14.5 16 14.5 Fornulated Q|
35,000 20,000 20,000 MRV, cP Yield Base + ++ WO
2004/ 033596 PCT/ US2003/ 031740 -24 [0045] The yield of
Exanple 1 was used as a standard yield for conparison
of the yields of Exanples 2 and 3. [0046] The data
contained in Table 1 also illustrates that the process
of Exanple 2 using a raffréfate that is not
under extracted produces a basestock having excell ent
II\Ioack volatility at the given viscosity and excell ent
ow
[0045]  The yield of Example 1 was used as a standard yield for comparison

of the yields of Examples 2 and 3.

[0046]  The data contained in Table 1 also illustrates that the process of
Example 2 using a raffinate that is not underextracted produces a basestock
having excellent Noack volatility at the given viscosity and excellent low
temperature properties as defined by Formulated Oil Mini Rotary Viscosity
(MRV) of 20,00QCP. Table 1 also illustrates that the low temperature
properties of the formulated oil of Example 2 are substantially ifnproved versus
Example 1, however the viscosity/ volatility relationship is poorer. Example 2

also demonstrated an increased yield over that obtained by hydrotreating only

(Example 1).

[0047)  The data contained in Table 1 also illustrates that the process of
Example 3 using an under-extracted raffinate produces a basestock having
excellent Noack volatility at viscosity and excellent low temperature properties
as defined by Formulated Oil Mini Rotary Viscosity (MRYV) 0£20,000cP.
Thus, Table 1 shows that the product of Example 3 has both excellent low
temperature properties and an excellent viscosity/volatility relationship. This

also results in an increased yield over that obtained by hydrotreating and



tenperature properties as defined by Fornmul ated QG |
Mni Rotary Viscosity (MRV) of 20,000cP. Table 1 also

WO bdouss3sad es that the | ow tenperature propertPEEUSI003/031740
the fornmulated oil of Exanple 2 are substantially
i nproved versus Exanple 1, however the viscosity/
volatility relationship is poorer. Exanple 2 also
denonstrated an increased yield over that obtained by
hydrotreating only (Exanple 1). [0047] The data
contained in Table 1 also illustrates that the process
of Exanple 3 using an unde®=extracted raffinate
produces a basestock having excellent Noack
volatility at viscosity and excellent |ow tenperature
properties as defined by Fornulated G| Mni Rotary

h r3&é1§é)§)é§t 2 n@ird38HRRe Rlustritvdsin Hhalhpsle 2. ShaufpletBat

€ pro Exanpl e 3 has both excellent |ow

t enper at ur operties and an excel l.ent, . .
shomes tbe Depeii Pt i7ing AR updes- BRI raffinate inacomhigef

in an increased yield over that obtained by
hyriretredtirgshy dipdawdxing [F0Ce¥s033596 PCT/ US2003/ 031740

- 25 hydrodewaxi ng the standard raffinate. illustrated

in Exanple 2. Exanple 3 shows the benefit of

utilizing an under-extracted raffinate in a conbi ned

hydr ot r eat i ng- hydr od in rocess,. [Q0481 Thus
(Op#Ese. Eharpess HEHDAL CxrBSHER 15 b PgEan unddfextracted
under extracted )
raffinate, a refiner can produce superior yields of basestocks having excellent

Noack volatility and low temperature properties than by using a raffinate that is

not underextracted.



raffinate, a refiner can produce superior yields of

basest ocks havi ng excell ent Noack volatility and | ow
WO eovpeBEbaIr e properties than by using a raffi nedEUSIva8/031740

is not underextracted. WO 2004/ 033596

PCT/ US2003/ 031740 -26- CLAIMS: 1. A process to

prepare lubricating oil basestocks having a VI of at

| east about 110 to about 130 froma lube oil boiling

range feedstock conprising: a) conducting a

lubricating oil feedstock tgo a solvent extraction zone

and underextracting the Iu@PTcating oi | feedstock

under conditions effective at producing at |east an

aromatics-lean raffinate solution; b) renoving at

| east a portion of the extraction solvent fromthe

Cﬂ#gji cs-lean raffinate solution to produce a
nat e feedstock havi ng a devvaxed oi |l viscosity

dex f b 7 b
L g1 edh BFOGBID BPafe wpFieRifehil P g,c‘ithh 1a S0P ead

f eedst ock vvlthahydrotreatln cataly in_a first
aboett!0 tnabowds Odpema lubie oildwilieg range feeds’;@ﬁﬁwmeﬁgmeo
produce at |east a gaseous product and a hydrotreated

f eed§t oCksonducting a lubricating oil feedstock to a solvent extraction zone
and underextracting the lubricating oil feedstock under conditions
effective at producing at least an aromatics-lean raffinate

solution;

b) removing at least a portion of the extraction solvent from the
aromatics-lean rafﬁnate solution to produce a raffinate feedstock
having a dewaxed oil viscosity index from about 75 to about 105
and a wax content of greater than 15 wt.%;;

C) contacting the raffinate feedstock with a hydrotreating catalyst in
a first reaction stage operated under effective conditions to-
produce at least a gaseous product and a hydrotreated feedstock;

d) stripping the hydrotreated feedstock to separate at least a portion
of the gaseous product from the hydrotreated feedstock to
produce a stripped feedstock; and

e) contacting the stripped feedstock with at least one dewaxing

catalyst in a dewaxing zone operated under effective

hydrodewaxing conditions, wherein said dewaxing catalyst



d) stripping the hydrotreated feedstock to separate at
| east a portion of the gaseous product fromthe
whyanosiseat ed feedstock to produce a stri ppedPCT/US2003/031740
feedstock; and e) contacting the stripped feedstock
with at | east one dewaxing catalyst in a dewaxing
zone operated under effective hydrodewaxing
conditions, wherein said dewaxing catal yst WD
2004/ 033596 PCT/ US2003/ 031740 -27 contains at |east
one G-oup VIIl noble netal and is selected from
ZSM 5, ZSM 22, ZSM 23, ZSM235, ZSM 48, ZSM 57, Beta,
SSZ- 31, SAPO 11, SAPO 31, SAPO 41, MAPO 11, ECR-42,
fluorided alum na, silica-alumna, fluorided silica
alumna, synthetic Ferrierites, Mrdenite, Ofretite,

erionite, 091[?:?19%51! fef to"?l'gqgrlolrﬁb)\t’ﬂf ffléblterl‘?létgpfinc?1 [\edefi¥ed from

produ0|ng basest ock e process
of claiml vvherelnthe rot Y. t |ns
at | eastZMeSneeM-2 %,el %é%%%@t%# i@}ﬁ% Beta
Goup VIIl netals, and mxtures thereof. 3. The
process SZl3a| SAPOMMI SARO-BE, SlaREx4 hgViedR@4 s EGR-42t

| east one cat al yst sel ected from ZSM 22, ZSM 23,
ZSM 48, ‘e'f‘ﬂglonzdS Ma?umma, silica-alumina, fluorided silica alumina,
synthetic Ferrierites, Mordenite, Offretite, erionite, chabazite, and

mixtures thereof thereby producing a lubricating oil basestock.

2. The process of claim 1 wherein the hydrotreating catalyst contains at
least one metal selected from Group VI metals, Group VIII metals, and

mixtures thereof.

3. The process of claim 1 wherein the dewaxing catalyst is at least one

catalyst selected from ZSM-22, ZSM-23, ZSM-48, and ZSM-57.
4. The process of claim 1 wherein the dewaxing catalyst is ZSM-48.

5. The process of claim 1 wherein the dewaxing catalyst is sulfided,

reduced, or sulfided and reduced.



4. The process of claim1 wherein the dewaxing
catalyst is ZSM48. 5. The process of claim1l wherein
WO be4dssexi ng catal yst is sulfided, reduced, BIT/US2003/031740
sul fi ded and reduced. WD 2004/ 033596 PCT/ US2003/031740
-28 6. The process of claim 1l wherein the lubricating

oi | basestock is contacted wth a hydrofinishing
catal yst in a hydrofinishing zone operated under
effective hydrofininishing conditions to produce a
hydr of i ni shed | ubricating aqil basestock. 7. The
process of claim6 wherei m28he hydr of i ni shi ng cat al yst
contains at |east one netal selected from Goup VI
nmetals, Goup VIIl netals, and mxtures thereof. 8.
The process of claim6 wherein the hydrofinishing is

sel f JIRHP P IRKSinaRE AlbridasinToaNbasestobl 1s Sontacted
6'f am?ﬁ/fﬁg?;éé%?% process acgor ding to gl aim1 wherein

said effectjive d i.n ondi.ti.ons incl .
wilb iR S singcarlyanin g arafyen Eonl plied upgder effagtive
to 20786 kPa (100 to 3000 psia), liquid hourly space
hyded fiminishirsg obnditions ® produce @ hydrofinighed Inpucatiegorlr eat
gas rates from45 to 1780 nB/nB8 (250 to 10000 scf/B).

ba%?sftoc?l{?e process according to claim9 wherein said
efrec

i ve hydrotreating
7. The process of claim 6 wherein the hydrofinishing catalyst contains at
least one metal selected from Group VI metals, Group VIII metals, and

mixtures thereof.

8. The process of claim 6 wherein the hydrofinishing is selected from

mesoporous catalysts from the M41S family.

9. The process according to claim 1 wherein said effective dewaxing
conditions include temperatures of from 250 - 400°C, pressures of from 791 to
20786 kPa (100 to 3000 psig), liquid hourly space velocities of from 0.1 to 10

hr!, and hydrogen treat gas rates from 45 to 1780 m®/m® (250 to 10000 scf/B).

10.  The process according to claim 9 wherein said effective hydrotreating
conditions include temperatures of from 150 to 400°C, a hydrogen partial

pressure of from 1480 to 20786 kPa (200 to 3000 psig), a space velocity of



conditions include tenperatures of from 150 to 400C, a
hydr ogen partial pressure of from 1480 to 20786 kPa
W@ 20d/083398000 psig), a space velocity of WO 200d1/08S859631740
PCT/ US2003/ 031740 -29 fromO0.1 to 10 liquid hourly
space velocity (LHSV), and a hydrogen to feed ratio
of from89 to 1780 nB/nB8 (500 to 10000 scfB). 11. The
process according to claiml wherein the dewaxi ng
catal yst contains at | east one netal selected from
Pt, Pd, and mixtures theregfy. 12. The process
according to claim8 wherein the hydrofinishing
catal yst further oonprises at | east one noble netal.
13. The process according to claim1l wherein said
hydrotreating catal yst is a hydr eatjn at al yst
from Q¢ ted Oflrand Borrly spacesvglpeit é@l{%’é{ 4 %gyﬁwen){o feed
catal ysts. 14. The process according to claim 13
rafibIrstdm i 1 1MRdrmat/nfgs00 e 600U seB). s a supported
hydrotreating catal ysts having a support selected from
| ow acidic netal oxide supports. 15. The process
according to claim 14 wherein said | ow acidic netal.
oxi de supports are selected fromsilica, alumna and
1L.i t ahhepropesLaording 39 6lanoT) wheruslesdewaxing pgtalyst

contains at least one metal selected from Pt, Pd, and mixtures thereof.

12.  The process according to claim 8 wherein the hydrofinishing cataiyst

~ further comprises at least one noble metal.

13.  The process according to claim 1 wherein said hydrotreating catalyst is a

hydrotreating catalyst selected from bulk and supported hydrotreating catalysts.

14.  The process according to claim 13 wherein said hydrotreating catalyst is
a supported hydrotreating catalysts having a support selected from low acidic

metal oxide supports.

15.  The process according to claim 14 wherein said low acidic metal oxide

supports are selected from silica, alumina and titania.



16. The process according to claim 13 wherein said
hydrotreating catalyst has an acidity value of |ess

wo baa/ozdseut 0.5, as determ ned by the scal e of P@DUS1003/031740
for catal ysts described by Kraner and MVi cker, J.
Catal ysis, 92, 355 (1985). 17. The process accordi ng
to claim 10 wherein said effective hydrotreating
conditions are selected such that less than 5 wt. % of
the feedstock is converted to 650F (343C) m nus
products and wherein the VI_%(i%ncr ease of said

hydrotreated feedstock is I'8ss than 4 greater than the

VI of the lube oil boiling range feedstock. 18. The
process according to claim1l wherein said |ubricating

oil feedstock has a 10%distillation J)oi nt greater
16hanTosPFo¢e3s ag)ording toeclaim &3 wheraig shid iy d6treatingGtatalyst
2887, and is derived fromm neral sources, synthetic
hada &8ty vahst 6F pebeitan Bbut 08, 4¢\@etermined by the scale of acidity

for catalysts described by Kramer and McVicker, J. Catalysis, 92, 355 (1985).

17.  The process according to claim 10 wherein said effective hydrotreating
conditions are selected such that less than 5 wt.% of the feedstock is converted
to 650°F (343°C) minus products and wherein the VI increase of said

hydrotreated feedstock is less than 4 greater than the VI éf the lube oil boiling

range feedstock.

18.  The process according to claim 1 wherein said lubricating oil feedstock
has a 10% distillation point greater than 650°F (343°C), as measured by ASTM
D 86 or ASTM 2887, and is derived from mineral sources, synthetic sources,

and mixtures of the two.



