WO 200- 1/ 047434 PCT/ US2004/ 036110 -1 A PROCESS FOR MAKI NG LUBE A L
BASESTOCKS FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to a
process foggfreparlng | ubricating oil basestocks fromlube oil boiling
range feedH3WAMHE#Hat neet Anerican Petrol eum |nstitut ePCIBSAG04/036110
specifications. Mire particularly, the present invention is directed at a
process wherein a wax containing feedstock is solvent extracted to produce
at least a lube oil boiling range raffinate, the lube oil raffinate is
hydrotreated to produce a hydrotreated raffmate, and the hydrotreated
raffinate is dewaxed. BACKGROUND OF THE | NVENTI ON 100021 It has | ong been
recogni zed that one of the nobst val uabl e products generated through the
refining of crude mineral oils is lubrtleating oils. It is common practice
to recover lubricating oil basestocks by solvent extracting, with a

sel ective sol vent, undesirable conmponents such as sul fur conpounds,
oxygenated conpounds, and aromatics fromstraight distillates. However,
with the decline A@Rmsﬁd’ﬁmﬁﬁﬁﬁ L_E@Efd% npﬁ §E‘§T(fé;§ and a
corresponding in phaltlc base
crudes, it is becomng increasingly difficult to neet the demand for
Iubricatin oi | basestocks, or base oils. For exanple, Anerican Petrol eum
I nsti tutw G oup 11 basestocks include a saturates

content of at | east 90% a sulfur content of 0.03 w.%or less and a

h h ' he | ub
o1 mar MIOOTE ZhebreiEnt FRepB0n IR 10 Aripet for Piapateiubiblbedi T 1°
or der t O Psglioll E%ﬁuﬁé%ﬁ%lﬁﬁgkﬁﬁ%éﬁ&%@that feet American Petroleum
{ Institute Group II specifications. More particularly, the present invention is

directed at a process wherein a wax containing feedstock is solvent extracted to
produce at least a lube oil boiling range raffinate, the lube oil raffinate is
hydrotreated to produce a hydrotreated raffinate, and the hydrotreated raffinate is

dewaxed.

BACKGROUND OF THE INVENTION

[0602] It has long been recognized that one of the most valuable products
generated through the refining of crude mineral oils is lubricating oils. It is
common practice to recover lubricating oil basestocks by solvent extracting, with a
selective solvent, undesirable components such as sulfur compounds, oxygenated
compounds, and aromatics from straight distillates. However, with the decline in
the availability of paraffinic base crudes, and a corresponding increase in the
proportion of naphthenic and asphaltic base crudes, it is becoming increasingly
difficult to meet the demand for lubricating oil basestocks, or base oils. For
example, 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. Thus, there is a trend in the Iube oil

market to use Group II basestocks instead of Group I basestocks in order to meet



the demand for higher quality basestocks that provide for increased fuel
econony, reduced em ssions, etc. [0003[] Conventional techniques for

prepari ng such as hydrocracking or solvent extraction require
severe opeﬁgfﬁﬁéﬁégﬁhitions such as high pressure and t eRpEVSI0#B36310 hi gh
solvent: oil ratios and high extraction tenperatures to reach these higher
basestock qualities. Either alternative involves expensive operating
conditions and | ow yields. [00041 Hydrocracki ng has been conbined with
hydrotreating as a prelimnary step. However, this conbination also results
i n decreased yields of lubricating oils due to the conversion to
distillates that typically acconpany th&_hydrocracking process. [00051
Thus, as the demand for quality |ube oil” basestock continues to increase,
the search for new and di fferent processes, catalysts, and catal yst systens
that exhibit inproved activity, increased yields, selectivity and/or

| ongevity is a continuous, ongoing exercise. Therefore, there is a need in
t he | ube thiel derpandefortgher quality basestacksdhat pravidefor pnerdassel fuebecariomy,
basest ocks that neet the demand for increased fuel econony, reduced

eni ssi onsreduced eBRSEONHRYCR PTI ON OF THE Fl GURE [ 00061 The Figure is a plot
of the relative volune activity of various catalysts and catal yst systens
versus the days the respective catal ysts and catal yst systens were on
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boi | i ng range
temperature or high solvent:oil ratios and high extraction temperatures to reach

these higher basestock qualities. Either alternative involves expensive operating

conditions and low yields.

[06004] 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] Thus, as the demand for quality lube oil basestock continues to increase,
the search for new and different processes, catalysts, and catalyst systems that
exhibit improved activity, increased vields, selectivity and/or longevity is a
continuous, ongoing exercise. Therefore, there is a need in the lube oil market to
provide processes that can produce lube oil basestocks that meet the demand for

increased fuel economy, reduced emissions, etc.

BRIEF DESCRIPTION OF THE FIGURE

[0006] The Figure is a plot of the relative volume activity of various catalysts
and catalyst systems versus the days the respective catalysts and catalyst systems

were on stream.



feedst ock. The process conprises: a) extracting a lubricating oil feedstock
in a solvent extraction zone with an extraction solvent under conditions
effective at producing at least an aromatics-lean raffinate solution

cont ai ni ngW&PPHT+dn sol vent; b) renoving at | east a porROTHS2004/43R0
extraction solvent fromthe aromatics-lean raffmate solution to produce a
raffinate feedstock; <c¢) contacting the raffmate feedstock with a stacked
bed hydrotreating catalyst systemin a reaction stage operated under
effective conditions thereby producing a hydrotreated effluent conprising
at | east gaseous product and a hydrotreated raffmate; and d) dewaxi ng said
hydrotreated raffinate under effective gewaxi ng conditions thereby
producing at least a lubricating oil basestock having a saturates content
of at least 90% a sulfur content of 0.03 w.%or |less, and a viscosity

I ndex (VI) between 80 and 120. [0008] Another enbodi ment of the present
Invention is directed at a process to prepare lubricating oil basestocks
havi ng a SUMMARY ONTHRINCENTION froma lube oil boiling range

f eedst ock” The process conprises. a) conducting a lubricating oil feedstock
to a solvent extraction zone and extracting the lubricating oil feedstock
with an ejd004¢t i dhhespiegemitinvemtien iscdinetited ata paddess td prepate lpgrldamilg@llat | east
an aromatjcs-lean_ raffinate solution containing ext rac,L' on, solvent; WO
2005! 0474basestorksbaymgioviscosity index)of &0Hevi Jhiram ¢ &ibgroihbolingTaRge: ¢ he
extractio? zcé) Vi nt_g{romthe aromatics-lean raffinate solution to produce a
raf fi nat e'9 {?f‘go 1€ PIOFCBSRHRYP g the raffinate feedstock with a stacked

bed hydrotreat L9  extracting a lubricating oil feedstock in a solvent extraction zone with
{

an extraction solvent under conditions effective at producing at least
an aromatics-lean raffinate solution containing extraction solvent;

b) removing at least a portion of the extraction solvent from the
aromatics-lean raffinate solution to produce a raffinate feedstock;

c) contacting the raffinate feedstock with a stacked bed hydrotreating
catalyst system in a reaction stage operated under effective conditions
thereby producing a hydrotreated effluent comprising at least gaseous
product and a hydrotreated raffinate; and

d) dewaxing said hydrotreated raffinate under effective dewaxing
conditions thereby producing at least a lubricating oil basestock

E having a saturates content of at least 90%, a sulfur content of 0.03

wit.% or less, and a viscosity index (VI) between 80 and 120.

[0008] Another embodiment of the present invention is directed at a process to
prepare lubricating oil basestocks having a viscosity index of 80 to 120 from a lube
oil boiling range feedstock. The process comprises:
a) conducting a lubricating oil feedstock to a solvent extraction zone and
extracting the lubricating oil feedstock with an extraction solvent
under conditions effective at producing at least an aromatics-lean

raffinate solution containing extraction solvent;



catal yst systemin a reaction stage operated under effective conditions to
produce a hydrotreated effluent conprising at | east a gaseous product and a
hydrotreat%? Lﬁﬁjipate; d) stripping the hydrotreated effluent to renove at

| east a port?oW38#7™he gaseous product from the hydr ot r eRCEA IR0 ¢ o
produce a stripped raffinate; and e) solvent dewaxing said stripped
raffinate under effective solvent dewaxing conditions thereby producing at

| east a lubricating oil basestock characterized as a G oup |l basestock
having a saturates content of at |east 90% a sulfur content of 0.03 w.%
or less, and a viscosity index (VI) between 80 and 120. [00091 I n anot her
enbodi nent of the instant invention, the, lubricating oil feedstock is a
dewaxed oil. [00101 Thus, yet another enbodi nent of the present invention is
directed at a process to prepare |lubricating oil basestocks having a
viscosity index of 80 to 120 froma lube oil boiling range feedstock. The
process conprises: a) dewaxing a lubricating oil feedstock under effective

dewaxi ng concli)? | ongetrbeigbyt leastdiusomionaif the estracticteveivest frodrtheat i ng oi |
f eedstock; and b) contacting the dewaxed |ubricating oil feedstock with a
stacked bed hydr ot razemiatigs-teanaiaffinate sotusion to prodeee a raffineteafpedsipekat ed
under WD 2005/ 047434 PCT/ US2004/ 611%9 -5 ﬁf fective C8 di biaans t her eby
producing a hy&}otr copiagtagring sapnate dstock gvith astacke gﬁg BOtHRECt and a
hydrotreat ed dewaxedcatzw&rs&f(s:%trﬂ iifa %Act{o%esgfgteogﬂ(era%ﬁdunder effective conditions
' to produce a hydrotreated effluent comprising at least a gaseous
product and a hydrotreated raffinate;
d) stripping the hydrotreated effluent to remove at least a portion of the
gaseous product from the hydrotreated effluent to produce a stripped
raffinate; and
e) solvent dewaxing said stripped raffinate under effective solvent
dewaxing conditions thereby producing at least a lubricating oil
basestock characterized as a Group II basestock having 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.

[0009]  In another embodiment of the instant invention, the lubricating oil

feedstock is a dewaxed oil.

[0010]  Thus, yet another embodiment of the present invention is directed at a
process to prepare lubricating oil basestocks having a viscosity index of 80 to 120
from a lube oil boiling range feedstock. The process comprises:

a) dewaxing a lubricating oil feedstock under effective dewaxing
conditions thereby producing at least a dewaxed lubricating oil
feedstock; and

b) contacting the dewaxed Iubricating oil feedstock with a stacked bed

hydrotreating catalyst system in a reaction stage operated under



c) stripping the hydrotreated effluent to renove at |east a portion of the
gaseous product fromthe hydrotreated effluent thereby producing at |east a
| ubricating oil basestock having a saturates content of at least 90% a

sul fur contOMOOY47¢3403 wt. % or Tess, and a viscosity i ndeBCT/USM04/M761 Meen 80
and 120. [0011] In yet another enbodi ment, the |lube oil boiling range
feedstock is an automatic transm ssion fluid feedstock. [0012] In one
enbodi ment of the instant invention, the stacked bed hydrotreating catal yst
system conprises a first and second catal yst, the first catalyst conprising
a conventional hydrotreating catal yst having an average pore dianmeter of
greater than 10 urn and said second catal yst conprises a bulk netal
hydrotreating catal yst. DETAI LED DESCRIPTI ON OF THE | NVENTI ON [ 0013] It
shoul d be noted that the terns "feedstock” and "feedstreanmt as used herein
are synonynous. [0014] The Anmerican PetroleumlInstitute (APlI) requirenents
for Goup Il basestocks include a saturates content of at |east 90% a

sul fur content of O.B3c#be %ndqﬁ&@ﬁ‘?éé;‘f‘fgﬁ’rdé‘iﬁ’g? ;h%d'rdtl%‘if‘éﬁ ¢finet ween 80

and 120. The present process 1Invo g a lubricating oil
feedstock with a st gekpaishicatiyskt pasenis proditéd AHAOSh{drod4tdd@evdsa@04/ 036110

-6 catalyst systemin a reaction stage operated under effective conditions
to produce a hydrolubricatigeif feedstockpamd i si ng at | east a gaseous product

and a hydrotreated |ubricating oil feedstock. The hydrotreated eff|uent is
stripped to refibve SHINRIBE ﬁleahyCBeFr@md ugeHdoJeRyE St b‘%ﬂ@.@prtwwg thge

hydrotreated effluent thereby producjn | east I icating, ol
basest ock having a gﬁf%tpégg%(grﬁ%ﬂt {b&?ﬂﬁmﬁreﬁsa CS@%&SB%‘E&}" Brgducmg at
( least a Iubricating oil basestock having a saturates content of at least
90%, a sulfur content of 0.03 wt.% or less, and a viscosity mndex (VI)

between 80 and 120.

[0011] In yet another embodiment, the lube oil boiling range feedstock is an

automatic transmission fluid feedstock.

[0012] In one embodiment of the instant invention, the stacked bed
hydrotreating catalyst system comprises a first and second catalyst, the first catalyst
comprising a conventional hydrotreating catalyst having an average pore diameter
of greater than 10 nm and said second catalyst comprises a bulk metal

hydrotreating catalyst.

DETAILED DESCRIPTION OF THE INVENTION

[0013] It should be noted that the terms "feedstock" and "feedstream" as used

herein are synonymous.

[0014] The American Petroleum Institute (API) requirements for Group Il
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 present process

involves hydrotreating a lubricating oil feedstock with a stacked bed hydrotreating



content of 0.03 wt.%or less, and a viscosity index (VI) between 80 and 120.
In one enbodi nent of the instant invention, the lubricating oil feedstock
is a |ubrg | bmlmgrangeraffnate While in ang dlrrent of
t he inst an\ Ba*f"lr’ﬂg‘ﬂ?j I'on, the lubricating oil boiling range‘égﬂéé’ﬁﬂ 1%
dewaxed oil. [0015] Thus, one enbodi nent of the instant invention invol ves
solvent extracting a lubricating oil feedstock in a solvent extraction zone
under conditions effective at producing at | east an aromatics-1|ean _
raffinate solution containing extraction solvent. At |east a portion of the
extraction solvent fromthe aromatics- lean raffinate solution is then
removed, thus producing a raffmate feedgtock. The raffinate feedstock is
contacted with a stacked bed hydrotreating catal yst systemin a reaction
stage operated under effective conditions to produce a hydrotreated

effluent conprising at | east a gaseous product and a hydrotreated raffinate.
The hydrotreated raffmate i s subsequently dewaxed under effective dewaxing
condi t i orstdlpstirsyisyemindueactipmstage aperated uhdérosfactiye mohditamso préduce a
characterized as a Goup Il basestock having a saturat es content of at

| east 9oohydaogmedrefﬂumte¢qmpmsmg ap feast agaseousqyeduetanda hydiageated i ndex

evaxod ARPHCGHE Bikfomterk She BB fcaled eribé EXrRed ko mme%%ta ehetd" 7

dewaxi ng N ons
ther by  FLsidE %éﬁéﬁﬁﬁz@étprﬁﬂﬁéﬁﬁéﬁhttﬂ@ B8 elftfont HRABHY BROGRARLA Ol e
| ubri cat ilaget @l thbkRadAE @KbdsestobR hat iy @@tﬁshtee é&htanﬁémhe@bt\g@vmoﬁﬂﬂﬂmm
PCTI US2004/ 036110 -7 bed hydrotreating catal yst systemin a reaction st age

oper at ed aomteart oeff (.68 v ordesed iahid @ndseduityeindep (GHLbétmgen S0yatdol 202 aline d
ef fl uent conprising at | east gaseous, product and a hydrotreated dewaxed

| ubri cat ion§ @nbodizaenitafdhe instentripyention the dubrigatingeit fqedstogknis 8t ri pped to
remove atlu{)rexggthlg oft 011183 rglgget pa%flﬂgt%e%ﬂep {nogﬁjo(tﬁer ¢mbodiment of the instant |

invention, the lubricating oil boiling range feedstock is a dewaxed oil.

[0015]  Thus, one embodiment of the instant invention involves solvent
extracting a lubricating oil feedstock in a solvent extraction zone under conditions
effective at producing at least an aromatics-lean raffinate solution containing
extraction solvent. At least a portion of the extraction solvent from the aromatics-
lean raffinate solution is then removed, thus producing a raffinate feedstock. The
raffinate feedstock is contacted with a stacked bed hydrotreating catalyst system in
a reaction stage operated under effective conditions to produce a hydrotreated
effluent comprising at least a gaseous product and a hydrotreated raffinate. The
hydrotreated raffinate is subsequently dewaxed under effective dewaxing
conditions thereby producing at least a lubricating oil basestock characterized as a
Group II basestock having 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. Also, since the
lubricating_ oil feedstock can be a dewaxed oil, one embodiment of the instant
invention is directed at dewaxing a lubricating oil feedstock under effective
dewaxing conditions thereby producing at least a dewaxed lubricating oil

feedstock. The dewaxed lubricating oil feedstock is then contacted with a stacked



the hydrotreated effluent thereby producing at |east a lubricating oil
basestock having a saturates content of at |east 90% a sul fur content of
0.03 wt.%Qr less,_ and a viscosity index (VI) between 80 and 120.

Lubri cati nyGFOYBF4dt ocks [ 00161 Feedst ocks suitabl e for PEEESHNDIAIG esent
I nvention are wax-containing feeds that boil in the lubricating oil range,
typically having a 10% distillation point greater than 650F (343C) and an
endpoi nt greater than 800F (426C), neasured by ASTM D 86 or ASTM 2887.
These feedstocks can be derived frommneral sources, synthetic sources, or
a mxture of the two. Non-limting exanples of suitable lubricating oil

f eedst ocks include those derived from sources such as oils derived from
sol vent refining processes such as raffifiates, partially solvent dewaxed
oils, deasphalted oils, distillates, vacuumgas oils, coker gas oils, slack
waxes, foots oils and the |ike, dewaxed oils, automatic transm ssion fluid

f eedst ocks, and Fi scher-Tropsch waxes. Preferred lubricating oil feedstocks
are thosbedbydadeeatingoratalist symémadn aaehomi stage vpasnedendsy difactise
feedstocks, and dewaxed oils. Automatic transmssion fluid ("ATF")

f eedst ocksonditionsthersbly prodecing adkadratieated cifluenticompriding at legstgasaoubet ween

200C and 275C, an 10% distjllatiqn point greater th 300C. ATF

f eedst ockBrogust ayxgi agbytfr@%vsteﬂl aeddubheating ov\%e%ﬁwtl@%ghgﬁy&otreated
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Vi scosi t y havis@xesatatatep comeRDOT o 1eastro% v bilfiir euidentift0.0Y an. %witledtt andey be

measured by standard ASTM net hods D5453 and D4629,
a viscosity index (VI) between 80 and 120.

Lubricating Qil Feedstocks

[0016]  Feedstocks suitable for use in the present invention are wax-containing
feeds that boil in the lubricating oil range, typically having a 10% distillation point
greater than 650°F (343°C) and an endpoint greater than 800°F (426°C), measured
by ASTM D 86 or ASTM 2887. These feedstocks can be derived from mineral
sources, synthetic sources, or a mixture of the two. Non-himiting 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, dewaxed oils, automatic transmission fluid
feedstocks, and Fischer-Tropsch waxes. Preferred lubricating oil feedstocks are
those selected from raffinates, automatic transmission flmid feedstocks, and
dewaxed oils. Automatic transmission fluid ("ATF") feedstocks are lube oil
feedstocks having an initial boiling point between 200°C and 275°C, and a 10%
distillation point greater than 300°C. ATF feedstocks are typically 75-110N
feedstocks.



respectively. Solvent Extraction [0018] As nentioned above, in one

enbodi nent of the instant invention, the lubricating oil feedstock is a

raf f mte. kﬂ%q¢%§ 7&0 produce the raff mate used herein, one of the

above- def i PHehting oil feedstocks are sol vent extr RETAE2004{936118 o] yvent
extraction process selectively dissolves the aromatic conponents in an
aromatics-rich extract solution while |eaving the nore.paraffinic conponents
in the "aromatics-lean raffinate solution”. Naphthenes are distributed

bet ween the extract and raffnmate phases. Typical solvents for solvent
extraction include phenol, furfural and N-nethyl pyrrolidone. By
controlling the solvent to oil ratio, %¥tract|on tenperature and net hod of
contacting distillate to be extracted w sol vent, one can control the
degree of separation between the extract and raffinate phases. [0019] In

t he sol vent extraction process, the lube oil feedstocks are subjected to
solvent extraction in a solvent extraction zone. In the solvent extraction
zone, a ]0848] oi | Tlevelfeadstociomal adstshockhigh cdaténte df aitoogen- iand solfurct ed

w th an extraction solvent. The extraction solvent used herein_ is_not
critical condaminarse. Fepdsoonteining pded).2 Mt olefnitngen ihased pnifeed andunt i c

xanpl o5 1 Q0T o6t FHAHECA B DRSS Bt Breseit PLRGsss. ”3@%&9@' A
Eﬁlﬁgfzoov/a?%%é%tﬁﬂg?@?%s&% SRR HigeRE P38 tontilys) i .

contact i ngi ehm%dt&ﬁg h;le \dalstied’ tab{iﬁa%swrmmémbas D'SQS3SMDMZ90n

sol vent can De acco y any s e sol vent extraction nethod
Non- |Imt1‘el§peﬁ1(%'lp] es of such include batch, sem -batch, or conti nuous. | t
S

Solvent Extraction

[0018]) As mentioned above, in one embodiment of the instant invention, the
lubricating oil feedstock is a raffinate. In order to produce the raffinate used herein,
one of the above-defined lubricating oil feedstocks are solvent extracted. The
solvent extraction process selectively dissolves the aromatic components in an
aromatics-rich 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.

[0019] 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 examples of such solvents include sulfolane, furfural,



preferred that the extraction process be a continuous process, and it is
nore preferred that the continuous process be operated in a counter-current
fashion. In a counter-current configuration, it is preferred that the |ube
oi | boil i nYAXAYEHeedst ream be introduced into the bot tRFA/ES2084936¥ngat ed
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
flowin a downward direction, counter- current to the upflow ng |ube oi
boiling range feedstream In this configuration, the lube oil boiling range
feedstreamis forced to pass counter-currently to the extraction solvent
resulting in the intinmate contact between the extraction solvent and the

| ube oil boiling range feedstock. The eXfraction solvent and the |ube oi
boiling range feedstreamthus mgrate to opposite ends of the contacting
zone. [00211 The contacting of the lube oil boiling range feedstreamwth
the extraction solvent produces at |east an aromatics-lean raffmate

sol uti on, phdhot andddhating pBtolakine(NNMIP Ve rfurfiliag, phiepobtand NMdbaxer af f i nat e
solution’is then treated to renpove at |east a portion of the extraction
sol vent cpreferred; avithdINdiPhbeingusonermeferiady a raffinate feedstock. The
renoval of at |east a portion of the extraction solvent can be done by any
means known in the art effective at separating at |east a portion of an

at 11 nat cltoeBher ane dSTsPEREREIR S8 it R rete FeolBitdmihin Fle' o VL "
first extgapldion sﬁdﬁarﬁg%gb &%ﬁﬁﬁﬁé&’?ﬁ?&l}g stfabldsolvdit ﬁ%ﬁ?}a\éﬁaﬁ ThétBBa L he

aromatics-lean ra ution’n a p1rng or I St ation tower. By

at |east Noﬁililhitﬁig, e}datm'g)liesrﬁﬁﬁlbhWﬁd@baﬁcﬁ%émﬂﬁatch', ofcortirtfovsallt i 90 vol . %
nore preferably 95 vol.% based on the aromatics-lean raffmate sol ution, of

the ext rpreféroed that thenextractiemprasdss be mcohtinnowsipracess, land it isahdreat e
o™ protirred Biaf the aondimaous process be Spsrated i a counter-current shion. g |
counter-current configuration, it is preferred that the lube oil boiling range

feedstream be introduced into the bottom of an elongated contacting zone or tower
and caused to flow in an upward direction while the exiraction solvent is introduced
at the top of the tower and allowed to flow ina 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.

[0021] The contacting of the lube oil boiling range feedstream with the
extraction solvent produces at least an aromatics-lean raffinate solution, which
contains extraction solvent. The aromatics-lean raffinate solution is then treated to
remove at least a portion of the extraction solvent contained therein, thus producing
a raffinate feedstock. The removal of at least a portion of the extraction solvent can
be done by any means known in the art effective at separating at least a portion of
an extraction solvent fron} an aromatics lean raffinate solution. Preferably the

raffinate feedstock is produced by separating at least a portion of the first extraction



[0022] It should be noted that the phrase "aronatics-lean raf fi nate
solutlon not synonynnus with the phrase "raffinate feedstock”. The
phrase " ﬁqﬁ% Si7s raffinate solution" is neant to r t he
products o PSent extraction before the solvent has begéﬁﬁﬁﬂﬁﬁéﬂ?'q e
distilled or stripped, fromthe respective phases. Thus, "raffinate

feedst ock”, as used herein, refers to the raffinate product after at | east
a portion of the solvent contained in the "aromatics-lean raffinate
solution"” has been renoved. Hydrotreatin2 [0023] It should be noted that
the term"hydrotreating” as used herein refers to processes wherein a

hydr ogen-containing treat gas is used IE the presence of a suitable
catalyst that is primarily active for t % renoval of heteroatons, such as
sul fur, and nitrogen, and saturation of aromatics. In the practice of the
present invention, the lubricating oil feedstock is hydrotreated with a
stacked bed hydrotreating catalyst systemin a reaction stage operated
under ef fsadvéntdromnihietaronmtics-deqr mdfinate sohytibmotr @ atrippimg 6t distillationpri si ng at
| east a gaseous product and ,a _hydrotreated Iubrlcatlng oi | feedstock. If
the | ubrilexernByont lenskaiposion, iikismeantihaiatdeast Bfevpli%ecpeferabhy Bavphy, st ep

< o aonciROte Prereratis 95 val %, bt Bk Aomalice dran rafhace Gobiftel o5 O

d d
hg\rlvgi(lr\ngo?épﬁcg@gsggg %éﬁgtr #'I rgl?)%hgésecon&gq}%éﬁ ﬁﬁ‘eg‘ﬁ‘%‘ §%t gaf[ygsttem By
" stacked pedrably SebsATIY mbfmeemmwm%mag L@peals In a separate

cat al yst réactor, or ‘reaction zone, and the second hydrotreating
cat al yst appears in a separate catal yst bed, reactor, or reaction zone
downst r eam relation to the flow of the Iubrlcatlng oi | feedstock from

the first lﬂ@a@hl ydi shmldzlm nqted thatithe phwﬁotar@aﬂnﬁg camraffinate selution)l ghor t ed

catalyst. us'y%n:mymous with the phrase "raffinate feedstock". 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 feedstock”, as used herein, refers to the raffinate product after at
least a portion of the solvent contained in the "aromatics-lean raffinate solution”

has been removed.

Hydrotreating

[0023] It should be noted that the term “hydrotreating” as used herein refers to
processes wherein a hydrogen-containing treat gas is used in the presence of a
suitable catalyst that is primarily active for the removal of heteroatoms, such as
sulfur, and nitrogen, and saturation of aromatics. In the practice of the present
invention, the lubricating oil feedstock is hydrotreated with a stacked bed
hydrotreating catalyst system in a reaction stage operated under effective conditions
to produce a hydrotreated effluent comprising at least a gaseous product and a
hydrotreated lubricating oil feedstock. If the lubricating oil feedstock is a raffinate,
then the hydrotreating step or stage occurs after solvent extraction. If the
lubricating oil feedstock is a dewaxed oil, then the hydrotreating step or stage

occurs after a dewaxing.



hydrotreating catal ysts for use as the first catal yst of the present

catal yst system include any conventional hydrotreating catalyst.
Conventionﬁd hoédlrotreati ng catalyst as used herein is neant to refer to
those whi ch BfE>8Yih i sed of at |east one Goup VIII net BET/UBH8HBIAH y Fe,
Co and Ni, nore preferably Co and/or Ni, and nost preferably N; and at

| east one G oup VI netal, preferably Mo and W nore preferably M, on a

hi gh surface area support nmaterial; preferably alumna. The Goup VIII

nmetal is typically present in an anmount ranging from2 to 20 wt.%
preferably from4 to 12% The Goup VI netal wll typically be present in an
anount ranging from5 to 50 w.% preferably from10 to 40 w.% and nore
preferably from20 to 30 wt.% All matéls' wei ght percents are on support. By
"on support” we nean that the percents are based on the weight of the
support. For exanple, if the support were to weigh 100 g. then 20 wt.%
Goup VII'l netal would nean that 20 g. of Goup VIII netal was on the
support. [0026] However, not all conventional hydrotreating catalysts

fitting the above- described criteria are suitable for use in the present
i nvent i orf0024k i Thercatalystrayistasn used hereim eamprises pt/lenstimtirst aad seeendaver age

pore dianeter of .the first_c | yst t . have specific si.ze to be.

DUl £ abl o TSiomEHing R TRY stackef dh tis Theant Shat e e RSP APPESS ibCT/ Us2
00410 36 - r t i ' : ent | .5 _descri bed
above, bl]ﬁ ngP%\r/?tﬁ 2:? gtgﬁ]’ys? gg‘gr 5%%\{%2?}% Pﬁcgg&gféé Eﬁ\ég&idaﬁigge[cﬁgﬁ %%f#%aﬁgg measur ed
by vt er GfgPiroRrs iﬁﬂ@b}:la!i‘@ﬂe%étalﬂ%%ed??eéb‘f&? offeddidnldonS dowstlexst T the
present stacked bed catalyst system It is preferred that the average pore
di amet er refatiometofthe flowcef dhe/hibricating oihfeedstook eftbimothe! firsy/chitalyseat i ng

catal yst, of the present stacked bed catal yst systembe greater than 11 nm
nore preferably greater than 12 nmu. [0027] The second hydrotreating catal yst

's a bul k[(ﬁﬁ%f‘l ﬁe%ﬁ%?dr%&e%%‘é c%%t’ is a supported catalyst. Suitable

hydrotreating catalysts for use as the first catalyst of the present catalyst system
include any conventional hydrotreating catalyst. Conventional hydrotreating
catalyst as used herein is meant to refer to those which are comprised of at least one
Group VIII metal, preferably Fe, Co and Ni, more preferably Co and/or Ni, and
most preferably Ni; and at least one Group VI metal, 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 2 to 20 wt.%,
preferably from 4 to 12%. The Group V1 metal will typically be present in an
amount ranging from 5 to 50 wt.%, preferably from 10 to 40 wt.%, and more
preferably from 20 to 30 wt.%. All metals weight percents are on support. By “on
support” we mean that the percents are based on the weight of the support. For
example, if the support were to weigh 100 g. then 20 wt.% Group VIII metal would
mean that 20 g. of Group VIII metal was on the support.

[0026] However, not all conventional hydrotreating catalysts fitting the above-
described criteria are suitable for use in the present invention. The inventors hereof
have unexpectedly found that the average pore diameter of the first catalyst must

have a specific size to be suitable for use herein. Thus, in the practice of the



It is meant that the catal ysts are unsupported wherein the bul k catal yst
particles conprise 30 - 100 wt.% of at |east one G oup VIII non-noble netal
and at le oup VIB netal, based on the total wei Pﬁ ul k
cat al yst _g@h@gﬁ%‘ég'cm culated as netal oxides and wher eligér:llﬁpﬁ;e‘mgu I’(H‘

catal yst particles have a surface area of at least 10 nR/g. It is
furthernore preferred that the bulk netal hydrotreating catalysts used
herein conprise 50 to 100 wt.% and even nore preferably 70 to 100 w. % of
at least one Goup VIII non-noble netal and at |east one G oup V1B netal,
based on the total weight of the particles, calculated as netal oxides. The
amount of Goup VIB and Group VIII nontxnoble nmetals can easily be

determ ned VIB TEM EDX. [0028] Bul k catal yst conpositions conprising one

G oup VIII non-noble netal and two Goup VIB netals are preferred. It has
been found that in this case, the bulk catalyst particles are
sintering-resistant. Thus the active surface area of the bulk catalyst

parti cl esPIRSENtANYANSIORed Caventjonalcatalyst, asdgscribed; abaye, bubhavingnnt o ~ G oup
VII1 non-noble netal.s ranges gener from10:1 -, 1:10 an referably from
31 - AVersge Hae Qi Keult BRLO fim a8 Rdiipis hE e SB[ o Yoo o
course a . i | f G oup
cour Se, Ailnbsipio) BTBLALSoRTRISCod fb06e SR Skscr by fREA potue O ou
cat al yst g3ateinh C[198 préfé@aidothhothef avebfgeth biccdigmitér'oT e Yirkt ¢cHRAI9LE i.kSthe

general ly not critical. The same holds when nore than one G oup VIII

non- nobl econvehtibnal hydpptireeting tatalyst, ofsthe pabsene stackgd bed catalyst systegsben ar e
present as Goup VIB netals, the nolybenumtungsten ratio preferably lies
in the ragrgatesthan il nm, gnorepreferably greates @l ULl | non- nobl e net al

conprises nickel and/or cobalt. It is further preferred that the Goup VIB
netal conprises a conbination of nolybdenum and tungsten. Preferably,

combi nat i @57 The second hydrotreating catalyst is a bulk metal catalyst. By bulk metal,
it is meant that the catalysts are unsupported wherein the bulk catalyst particles
comprise 30 - 100 wt.% of at least one Group VIII non-noble metal and at least one
Group VIB metal, based on the total weight of the bulk catalyst particles, calculated
as metal oxides and wherein the bulk catalyst particles have a surface area of at
least 10 m*/g. Itis furthermore preferred that the bulk metal hydrotreating catalysts
used herein comprise 50 to 100 wt.%, and even more preferably 70 to 100 wt.%, of
at least one Group V1II non-noble metal and at least one Group VIB metal, based
on the total weight of the particles, calculated as metal oxides. The amount of
Group VIB and Group VIII non-noble metals can easily be determined VIB
TEM-EDX.

[0028] Bulk catalyst compositions comprising one Group VIII non-noble metal
and two Group VIB metals are preferred. It has been found that in this case, the
bulk catalyst particles are sintering-resistant. Thus the active surface area-of the
bulk catalyst particles is maintained during use. The molar ratio of Group VIB to
Group VI non-noble metals ranges generally from 10:1 - 1:10 and preferably from
3:1 - 1:3. In the case of a core-shell structured particle, these ratios of course apply

to the metals contained in the shell. If more than one Group VIB metal is contained



ni ckel | nol ybdenunnt t ungst en and cobal t/ nol ybdenuni t ungst en and

- ni ckel / cobal t/ nol ybdenuni t ungsten are used. These types of precipitates
appear to be sinter-resistant. Thus, the active surface area of the

preci pi t at @ 3008 8Hhed during use. The metals are pref ePEBIUFHPHOMAM as

. oxidic conpounds of the corresponding netals, or if the catalyst
conposition has been sulfided, sulfidic conpounds of the corresponding
nmetals. [00291 It is also preferred that the bulk netal hydrotreating

catal ysts used herein have a surface area of at least 50 M2 /g and nore
preferably of at least 100 nZ/g. It is also desired that the pore size
distribution of the bulk netal hydrotreating catal ysts be approximtely the
sanme as the one of conventional hydrotrﬂéting catal ysts. Mire in
particul ar, these bul k netal hydrotreating catal ysts have preferably a pore
volume of 0.05 - 5 m/g, nore preferably of 0.1 - 4 nug, still nore
preferably of 0.1 - 3 mMl/g and nost preferably 0.1 - 2 nlJg determ ned by

ni trogen %&1ﬁ&rlﬂiﬂc%ﬁtalidt%ﬁﬁéﬁs}’theﬁﬁﬁ@S)f:‘ﬁlﬁ@ﬂiﬂ»’érehf‘@@odp WIBARRtAldfs Present.
Furt hernore these bul tal hydrotreating catal ysts preferably have a

medi an  digenetaily not critichkaThe s8merholdowhep nedrerthbh ynetGloapsv1l @6nmoblend
preferably not nore than 5000 pm and nore preferably not nore than 3000 n.
Even nor e matebis@spbiad4 b timcrasgsabers/ molybdenumand,tusgsicalirg preseat axdroup
particle digmeter |jes in the range of 0.1 -.5 and nost preferably in
Phe ange B Beisls, the o lberamubaosin s Brofrenly Yga 1 Bk Hng g o hal 2 acked
bed hydro ' | - | [ be
compr | sed FOFEEE g5 G N IE HShHROHE el Sl R FIA anEHobRE B0 (%,
can conpr ifgRhériiftefRiréithat ¢iad erﬁﬁ VIBdsefi coﬁiﬁis@@%oﬁibiﬁ%ﬁéﬁb?”t catal yst.

Al t hough ot her types of catal yst” beds can be used, fixed beds are

pr ef er r ed mdyblemirhand typgstenf Predermbljs tcohfdrationd effe f 1 ui di zed beds,
nickel/molybdenum/tungsten and cobalt/molybdenum/tungsten and
nickel/cobalt/molybdenum/tungsten are used. These types of precipitates appear to
be sinter-resistant. Thus, the active surface area of the precipitate is remained
during use. The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

[0029] Ttis also preferred that the bulk metal hydrotreating catalysts used herein
have a surface area of at least 50 m*/g and more preferably of at least 100 m%/g. It
is also desired that the pore size distribution of the bulk metal hydrotreating
catalysts be approximately the same as the one of conventional hydrotreating
catalysts, More in particular, these bulk metal hydrotreating catalysts have
preferably a pore volume of 0.05 - 5 ml/g, more preferably of 0.1 - 4 ml/g, still
more preferably of 0.1 - 3 ml/g and most preferably 0.1 - 2 ml/g determined by
nitrogen adsorption. Preferably, pores smaller than 1 nm are not present.
Furthermore these bulk metal hydrotreating catalysts preferably have a median

diameter of at least 50 nm, more preferably at least 100 nm, and preferably not

more than 5000 pm and more preferably not more than 3000 pn. Even more



ebul | ati ng beds, slurry beds, and noving beds. Interstage cooling or heating
bet ween reactors, reaction zones, or between catal yst beds in the sane
reactor, ¢ oyed since sonme ol efmsaturation can_take place, and
olefin satﬁ&éyﬁgﬂﬁgﬁh the desul furization reaction are gBREUZRYNN361I0
exothermc. A portion of the heat generated during hydrotreating can be
recovered. Where this heat recovery option 1is not available, conventional
cooling my be perforned through cooling utilities such as cooling water or
air, or through use of a hydrogen quench stream In this nmanner, optinmum
reaction tenperatures can be nore easily nmaintained. [0031] The catal yst
system of the present invention conprigﬁﬁ 5-95 vol . % of the first catalyst
with the second catal yst conprising the remainder, preferably 40-60 vol.%
nore preferably 5 to 50 vol.% Thus, if the catalyst system conprises 50
vol . % of the first catalyst, the second catalyst will conprise 50 vol.%

al so. [00321 Effective hydrotreating conditions include tenperatures of from
150 to Wrablwmﬁmﬂﬁnmﬂioﬁ dianestenties of therrangd 680. 1t 05Q QT8 and Reost 200 to
3000 psig), a space velocity of from0.1 to 10 liquid hourly space velocity
(LHSV), apréferablyidrtheeangecoff @d- 5@Quimm of from 89 to 1780 nB/nB (500 to 10000
scf/B). WD 2005/ 047434 PCT/ US2004/ 036110 -15 [0033] As stated above, the
contacting of the lube oil boiling range feedstock wth the stacked bed

Qid[ EL% ¢ Yy C e e s caniso the FAKSH 5 DA REREHS Catabb! %Lii.h”g
a ; 388 2 _
gaccons  prbanabef i ieEso} PEDAGE Car Be bOBEReRlof RSr fofCRedel | oSt o

l'ubri cati R@cRirt or Fb%%ﬁéh%ﬁ%i%s-r@tﬁ EBRRhicts 64h B&hﬁﬁ@ebﬂeﬁrrﬂl&etéﬁalgymé&rﬁat ed

effluent 1s not critical e present 1 nvention. Thus, any S5tripping

met hod, ptheoass oradiffepamsatalovn Akhobgh otiree dypdsoot ¢dtaiyst bedsccanrtd wsedof
sui tabl e stripping nethods, nmeans, and processes ) L
fixed beds are preferred. Such other types of catalyst 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 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, conventional cooling may be performed through cooling utilities
such as cooling water or air, or through use of a hydrogen quench stream. In this

manner, optimum reaction: temperatures can be more easily maintained.

[0031] The catalyst system of the present invention comprises 5-95 vol.% of the
first catalyst with the second catalyst comprising the remainder, preferably 40-60
vol.%, more preferably 5 to 50 vol.%. Thus, if the catalyst system comprises 50
vol.% of the first catalyst, the second catalyst will comprise 50 vol.% also.

[0032] Effective hydrotreating conditious 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 from 0.1 to 10 liquid hourly space velocity (LHSV),and a
hydrogen to feed ratio of from 89 to 1780 m’/m’ (500 to 10000 scf/B).



I nclude flash drunms, fractionators, knock-out druns, steam stripping, etc.
After stripping, the raffinate is referred to as a stripped raffinate
herei n. Dewaxi ng [0034] As previously nmentioned, enbodi ment of the present
i nventi on WRA@P5&S434dewaxi ng a lubricating oil feedstock rarboous@dias t he

| ubricating oil feedstreamfor wuse in the hydrotreating reaction stage. If
this enbodi nent of the present invention is enployed, a lubricating oil
feedst ock, as described above, is dewaxed, either catalytically or solvent,
to produce a dewaxed lubricating oil feedstock, also referred to as a
dewaxed oil herein. The dewaxed lubricating oil feedstock is subsequently
hydr otreat ed as descri bed above to produce a hydrotreated effl uent
conprising at |east a gaseous product add a hydrotreated |ubricating oi
feedstock, which is subsequently stripped in a stripping zone. This process
al so produces a thereby producing at least a lubricating oil basestock
characterized as a lubricating oil basestock neeting APl requirenents for
G oup Il basestocks as described above, including preferred ranges. WO
20051947434 PCT/ US2004/ 036110 -16 [0035] Also, as previously stated, one
enbodi menpo3s] t hasnitasd iboveyiheldodfadting ¢fl the tuleé oflthodling Pirerfebdslolk ocess

I nvol vi ng sol vent extraction, as described above, hydrotreating, as

descri bedwiththestatkdd b tiytyotraatingreakal gstrsiyptznm graduted evispdrogeated effiusmns
process is enpl.oyed, the hydrotreated raffinate, or stripped. raffinate if

stri ppi ngCOMPriEREableagt agasemirpreduetfndra by drotrgated libtisating olldgedstoekas

th b roduci I t Lubricati ) t ock terized

& oup 11 "HEEHE Dol feFRRHL R Sipbe R st st SRR R GOREIEE B8 nent o, -
AP [ ' : i1t : th
bisest aoRaEE! fondthe PiibreatedARRELORERy SloREid & 1640 hbARdEH (1°
0.03 W . %aEstbElR S The Meansviiseddfréin torsaey tHevhydie@iedRaeffluent is not critical to

the present invention. Thus, any stripping method, process, or means known can be

used. Non-limiting examples of suitable stripping methods, means, and processes
include flash drums, fractionators, knock-out drums, steam stripping, etc. After

stripping, the raffinate is referred to as a stripped raffinate herein.

Dewaxing

[0034])  As previously mentioned, embodiment of the present invention involves
dewaxing a lubricating oil feedstock to be used as the lubricating oil feedstream for

i use in the hydrotreating reaction stage. If this embodiment of the present invention
is employed, a lubricating oil feedstock, as described above, is dewaxed, either
catalytically or solvent, to produce a dewaxed lubricating oil feedstock, also
referred to as a dewaxed oil herein. The dewaxed lubricating oil feedstock is
subsequently hydrotreated as described above to produce a hydrotreated effluent
comprising at least a gaseous product and a hydrotreated lubricating oil feedstock,
which is subsequently stripped in a stripping zone. This process also produces a
thereby producing at least a lubricating oil basestock characterized as a lubricating
oil basestock meeting API requirements for Group II basestocks as described

above, including preferred ranges.



80 and 120. [0036] Any type of solvent dewaxi ng and catal ytic dewaxi ng known
can be used in the enbodinents of the present invention disclosed herein.
Bel ow are seakd ¥, 14 Ng exanpl es of both sol vent dewaxi ng tic
dewaxi ng_ s?fezg'sﬂoé’gﬁ%bl e for use in the present inventionpg'g’%ég(ﬁ@%f"at ed
herein. Sol vent Dewaxin [0037] In solvent-dewaxing, an effective anount of
any suitable dewaxing solvent nay be used, for exanple, between 50 and 700
vol . % solvent to oil ratio, nost preferably between 100 and 500 vol. %
solvent to oil ratio nmay be used. Non- limting exanples of suitable

dewaxi ng sol vents include nethyl ethyl ketone ("MEK") and nethyl isobutyl
ketone ("M RK"). Preferred dewaxing solygnts include a mxture of MEK and
M BK, preferred are those m xtures containing 30 vol.% MEK, based on the
total volune of the solvent. WO 2005/ 047434 PCTt USZ0041036110 -17 [0038]

Ef fective sol vent dewaxi ng conditions as used herein include any sol vent
dewaxi ng conditions known in the art, and are those conditions chosen to
maxi ni ze {0038)] perAlsomsrprevioushyhstatedyonerembadiment of thespreseanaeytionisDewaxi ng

o anor prifissied ef g2 irhg&?é?ﬁghérrg?@?§ Hioriibe hivest sranc 'p%%iéésﬁﬁbfi AH¥en o
acied of gai A dasidpes
( igif oo Rt e pTRaliouE YUy SR i HE AR (e
MAPGSs 1,3 | |
10 or 12 Che RS e e BB e e R P R S
ZSM 48, ZisNmployédyris idewiaked uhdéd éfectiMiewBxingtordifiots thexebyppreducing at

al um nophosphat es contai ning at_ | east one
least a lubricating oil basestock characterized as a Group U basestock under

American Petroleum Institute (API) requirements. API requirements for Group II
basestocks include the conditions that the basestock have 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.

[0036]  Any type of solvent dewaxing and catalytic dewaxing known can be used
in the embodiments of the present invention disclosed herein. Below are non-
limiting examples of both solvent dewaxing and catalytic dewaxing steps suitable

for use in the present invention as contemplated herein.

Solvent Dewaxing

[06037] In solvent-dewaxing, an effective amount of any suitable dewaxing
solvent may be used, for example, between 50 and 700 vol.% solvent to oil ratio,
most preferably between 100 and 500 vol.% solvent to oil ratio may be used. Non-
limiting examples of suitable dewaxing solvents include methy} ethyl ketone
("MEK") and methy] isobutyl ketone ("MIBK"). Preferred dewaxing solvents
include a mixture of MEK and MIBK, preferred are those mixtures containing 30

vol.% MEK, based on the total volume of the solvent.



10 ring channel include ECR-42. Exanples of nol ecul ar sieves containing 12
ring channels incI ude zeolite beta, and MCM 68. The nvol ecul ar sieves are
described in U. S Patent Numbers 5,246, 566; 5,282,958; 4,975, 177,

4,397, 827; WR BRI 5 075 269; and 4, 440, 871. MOM 68 iRCHESOM/BEH n US
Patent No. 6, 310, 265. MM 71 and I TQ 13 are described in PCT publ i shed
applications WO 0242207 and WD 0078677. ECR-42 is disclosed in US

6, 303,534. Suitable SAPGCs for use herein include SAPO 11, SAPO 3 1,

SAPO- 41, and suitable MAPGs include MAPO 11. SSZ-31 is also a catal yst that
can be effectively used herein. Preferred catal ysts include ZSM 48, ZSM 22
and ZSM 23. Especially preferred is ZS The nol ecul ar sieves are
preferably in the hydrogen form Reducf on can occur in situ during the
dewaxi ng step itself or can occur ex situ in another vessel. [0040]

Anor phous dewaxi ng catal ysts include alum na, fluorided alum na,
silica-alumna, fluorided silica-alumna and silica-alum na doped wth G oup
11113 WO [@038] 04 FAfettiPEToURRN We@a3trig fondifiBnsras abed hé&reimincdds amt soluernst

descri bed for exanple in_US Patent Nos. 4,900,707 and 6,383,366. The

dewaxi ng dewvaning cenditiens kmosvyminthe ast,fandare iese conditions chagen te maxyared wi t h

at | east t al genati on coppone which is selected from Goup VI
met al s, G%SLPG%F‘F‘PD?%Pé\ﬁEe SV aRE \é@lttcﬁe? Preferred metals are

selected fromGoup VIII netals. Especially preferred are Goup VIII noble
metals such as Pt, Pd or m xtures thereof These netal s are | oaded at the
rate of 0C3!t§lt1§@)ev¥ﬁxm’ : Calkgivegt . Catal yst preparation and netal

| oadi ng NETNOUS a ple in U S Patent No. 6,294,077, and
include for exanple |on exchange and i npregnati on using deconposabl e net al
salts. M09 s {fhesdesvaxihg chatdlysienaybd ethentrystalline or amerphas. cont r ol

techni ques are described in US Patent Ng. 5,282,958. Catalysts wth small
particle Grystallinemasenalsiaspameleenlas sigvesthat contain at least one 10 or 12 ring

channel and may be based on aluminosilicates (zeolites) or on aluminophosphates
such as silicoaluminophosphates (SAPOs) and MAPOs. 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
U.S. 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 SAPOs for use
herein include SAPO-11, SAPO-31, SAPO-41, and suitable MAPOs include
MAPOQO-11. SSZ-31 is also a catalyst that can be effectively used herein. Preferred
catalysts include ZSM-48, ZSM-22 and ZSM-23. Especially preferred is ZSM-48.
The molecular sieves are preferably in the hydrogen form. Reduction can occur in

situ during the dewaxing step itself or can occur ex situ in another vessel.

[0040] Amorphous dewaxing catalysts include alumina, fluorided alumina,

silica-alumina, fluorided silica-alumina and silica-alumina doped with Group IIIB



preferred. (00411 The nol ecul ar sieves are typically conposited with binder
materials which are resistant to high tenperatures which may be enployed
under dewa tions to forma finished dewaxi ng ca t or
blnderlessﬁkgqpfﬁggg%d) The binder materials are usuall%%kﬁgFﬁEWPﬁ“ |des
such as silica, alumna, silica- alumnas, binary combinations of silicas
with other netal oxides such as titania, nagnesia, thoria, zirconia and the
like and tertiary conbinations of these oxides such as silica-alumna
-thoria and silica-alum na nagnesia. The amobunt of nolecular sieve in the
finished dewaxing catalyst is from10 to 100, preferably 35 to 100 w. %
based on catalyst. Such catalysts are fpgnmed by nmethods such spray drying,
extrusion and the like. The dewaxi ng catal yst may be used in the sulfided

or unsulfided form and is preferably in the sulfided form WD 2005/017434
PCT/ US2004/ 036110 -19 [0042] Effective catalytic dewaxing conditions as
used herein includes tenperatures of from 250 - 400C, preferably 275 to
350C, premetalssSuch catalyistoare descabe@ gonexanmpleantldS PaventNos )4,,9QQ é@'éﬁ@@l y

From 0.1 Gab3G061 iliesien exing: dlyaiSHed hatoin arg SHIOMI SRR BIRY s 1ot cs
to 5000 siphey Wiyl i @%5%21%80@&9?*&9%53@@ skt sbetiadygid, ™

enbodi rrenm% tvtx talR! @iﬁgf) VY fi%t419 or thbaEfesSthbtdofd P f@fe‘rﬂﬂ Rktal

recogni ze t er embodi nents that are equally effective coul be

devi sed fglected fionn Group VITE negtals] Espécmﬂ?'ﬁprefeﬂr&lrﬁre@mWholBIEmétﬂld ow ng
exarnples will illustrate the inproved effectiveness of the present

i nvent i onsudiias Pts Pder m@é:utestthetaoﬁl Thesemetals ere laadedrat therate ofifhyl toadthi on.
wt.%, based on catalyst. Catalyst preparation and metal loading methods are

described for example in U.S. 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 techniques are described in US Patent
No. 5,282,958, Catalysts with small particle size and well-dispersed metal are

preferred.

[0041] The molecular sieves are typically composited with binder materials
which are resistant to high temperatures which may be employed under 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 titania,
magnesia, 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.



EXAMPLES EXAMPLE | [0045] A medi um vacuum gas oil having the properties
outlined in Table 1 was processed in an isothermal pilot plant over three
catal ysts systenms at 1200 psig hydrogen partial pressure. The catal yst
systens anWOHE47#Hy conditions are given in Table 2. CRERUSHOUB6IY a
conventional hydrotreating catalyst having 4.5 wt.% Goup VI netal, 23 w.%
Goup VIIl netal on an alum na support and has an average pore size of 14.0
nm The bul k netal hydrotreating catalyst was a conmmercial bul k netal
hydrotreati ng catal yst nmarketed under the nane Nebula by Akzo-Nobel. WO
2005/ 047434 PCTI US20041036110 -20 [00461 In the Exanples, all the catal yst
systens were lined out at 50 days on si eam A first order kinetic nodel
with an activation energy of 31,000 cal/gnol was used to conpare vol une
activities between the catalysts. TABLE I Medium Vacuum Gas Q| Density at
70C cc 0.88 Nitrogen m700 Sulfur (t.% 2.6 GCD 5 W% Boi ling Point C 334
GCD 50 W% Boiling Point C 441 GCD 95 W% Boi ling Point C 531 TABLE 2 50

vol . % Cat {jod2y B EffédfiveehtalptiO8evaking tonditions abysed 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
hydrogen treat gas rates from 45 to 1780 m’/m> (250 to 10000 scf/B), preferably 89
,‘, to 890 m*/m’ (500 to 5000 sc£/B).

[0043]  The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other embodiments
that are equally effective could be devised for carrying out the spirit of this

mvention.

[0044] The following exampies will illustrate the improved effectiveness of the

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

EXAMPLES

EXAMPLE 1

[0045] A medium vacuum gas oil having the properties outlined in Table 1 was
processed in an isothermal p1lot plant over three catalysts systems at 1200 psig
hydrogen partial pressure. The catalyst systems and operating conditions are given
in Table 2. Catalyst B is a conventional hydrotreating catalyst having 4.5 wt.%
Group VI metal, 23 wt.% Group VIII metal on an alumina support and has an
average pore size of 14.0 nm. The bulk metal hydrotreating catalyst was a
commercial bulk metal hydrotreating catalyst marketed under the name Nebula by
Akzo-Nobel.



Cat al yst System Catal yst B Nebula 1 50 vol.% Nebula 1 Average Catal yst 370
380 370 Tenperature (*QLiquid Hourly Space 2 1 1 Velocity (hr -1)
Stripped r , 17 34 Effluent N trogen Content (wppm) N trogen
Renoval ﬁ&ﬁ%ﬁ%qéﬁﬂ Rel ative Volume Activity [00471 Thegﬁﬂ%$ﬁﬂéﬂ3 thova
Rel ative Vol une Activity ("RVA") for each catalyst system was cal cul ated by
sinple first order kinetic nodeling. As shown in WO 2005/ 047434-

PCT/ US2004/ 036110 -21 Table 2, the 50/50 vol. % stacked bed catal yst system
with the | arge average pore size Catalyst B upstream of the bul k netal

catal yst, showed higher nitrogen renoval activity than either of the single
catal yst systens denonstrated on theiré%Pmn. EXAMPLE 2 [0048] The
hydrotreating ability of different stacked beds of Catalyst B and Nebul a
were anal yzed by hydrotreating different feedstreans over the stacked beds
in the in tw parallel reactor trains of the sanme isothermal pilot plant
unit used in Exanple 1 above. The feedstreans used were Medi um Cycl e
Qls("MCO') from an FCC unit and blends of the MCOw th a virgin feedstock
were tested in two parallel reactor trains. The feed properties are

descri bed0046]rabintie Examples, all the catalyst systems were lined out at 50 days on
stream. A first order kinetic model with an activation energy of 31,000 cal/gmol

was used to compare volume activities between the catalysts.

TABLE 1
Medium Vacuum Gas Oil

Density at 70°C (g/cc) 0.88

Nitrogen (wppm) 700

Sulfur (wt.% ) 2.6

GCD 5 WT% Boiling Point (°C) 334

GCD 50 WT% Boiling Point (°C) 441

GCD 95 WT% Boiling Point (°C) 531

TABLE 2
50 vol.% Catalyst B
100 vol.% 100 vol.% followed by
Catalyst System Catalyst B Nebula 1 50 vol.% Nebula 1

Average Catalyst 370 380 370
Temperature (°C)
Liquid Hourly Space 2 1 1
Velocity (hr ™)
Stripped reactor 227 17 34
Effluent Nitrogen
Content (wppm)
Niirogen Remowval 1 1.18 1.34
Relative Volume
Activity

[0047)

The Nitrogen Removal Relative Volume Activity ("RVA") for each

catalyst system was calculated by simple first order kinetic modeling. As shown in




[0049] In this Exanple, one reactor train consisted entirely of a
conventional N M on Alum na hydrotreating catalyst, Catalyst C, with an
average pore dianeter of 7.5 nm The other reactor train contained a
stacked beHC2YWdMHi th 75-vol. % of Catal yst C fol | owe®BUS2H036110 % of
Catalyst A a bulk multimetallic sulfide catalyst having an average pore
dianeter of 5.5 nm [0050] The separate reactors in both trains were
imersed in a fluidized sandbath for efficient heat transfer. Thus, the
tenperature of the first 75-vol. % of Catalyst C was at the sane
tenperature whether it was in train | or 2. Likewise, the last 25-vol. % of
Catalyst Cin train 1 was at the sane tenperature as the last 25-vol. % of
Catalyst Ain train 2. Therefore, In nple 2, each of the two reactor
trains was divided into two separate reactor vessels where the tenperature
WO 2005/ 047434 PCT/ 1US2004/ 036110 -22 of the first 75-vol une% containing 75
vol . % of the catalyst |oading of that reactor could be independently

control | ephié 9%&%/&@%&1 %%ﬁekémse%%lm&?éwﬁf wﬁl?%lllu SR8 pbrend

conditions for the two trains were 1350 psig H2, qui d %—ourly Space

vel oci ti esize ChidBt B wistitarh ovHthe bulkvmeétal cwsﬁwmgﬁazﬁﬁagbn hydr ogen.
The tenperature schedule for both trains is described in Table 4 bel ow
TABLE 3 3w©moszbactdit then eithep pfithe soglestatalystistems dgmopstgedon thew Fcc Mco
FCC MCO FCC MCO APl Gravity 18.1 15.0 9.5 7.0 Hydrogen, wt.% 10.65 10.04
8.77 8.6PWIy| fur, w.%3.23 3.53 4.28 4.40 Nitrogen, ppm 959 1153 1485
1573

( EXAMPLE 2

[0048] The hydrotreating ability of different stacked beds of Catalyst B and
Nebula were analyzed by hydrotreating different feedstreams over the stacked beds
1n the in two parallel reactor trains of the same isothermal pilot plant unit used in
Example 1 above. The feedstreams used were Medium Cycle Oils("MCO") from
an FCC unit and blends of the MCO with a virgin feedstock were tested in two

parallel reactor trains. The feed properties are described in Table 3, below.,

[0049] In this Example, one reactor train consisted entirely of a conventional
NiMo on Alumina hydrotreating catalyst, Catalyst C, with an average pore

f diameter of 7.5 nm. The other reactor train contained a stacked bed system with
75-vol. % of Catalyst C followed by 25-vol. % of Catalyst A, a bulk multimetallic

sulfide catalyst having an average pore diameter of 5.5 nm.

[0050] The separate reactors in both trains were immersed in a fluidized
sandbath for efficient heat transfer. Thus, the temperature of the first 75-vol. % of
Catalyst C was at the same temperature whether it was in train 1 or 2. Likewise,
the last 25-vol. % of Catalyst C in train 1 was at the same temperature as the last
25-vol. % of Catalyst A in train 2. Therefore, In Example 2, each of the two

reactor trains was divided into two separate reactor vessels where the temperature



Aromatics-Mono, wt.%- - 12.0 8.8 Aronmtics-Di, Wt.%- - 43.9 41.7
Aromatics-Poly, w.%- - 22.4 30.7 Distillation, D2887 GCD 10 498 493 485
493 50 6 020%51 271]24 642 90 703 705 706 749 95 726 721 724 777 TABLE 4
Days on GO0 Feaditdtk 75% 25% Tenperatures, F 4-6 50% FEETHSPHE6E8y 7. 15
67% FCC MCO 585/ 650 16-30 100% FCC MCO 585- 610/ 650- 675 31-50 100% Hea FCC
MCO 610- 635/ 675- 700 WO 2005/ 047434 PCTI US2004/ 036110 -23 [0052] The
relative HDN volunme activity of the stacked bed Catal yst C/ Catalyst A
conpared to Catalyst Ais shown in the figure below. Note that for the 50%
67% and 100% FCC MCO feeds the stacked bed systemw th only 25-vol une % of
Catal yst A shows a stable activity advz_aﬁt_age of 275% [0053] As shown in the
Fi gure, when the 100% Heavy FCC MCO was ‘Used as the feed note the activity
advant age for the stacked bed catal yst system contai ning begins to decrease
from275%to 225% and then was subsequently reduced over 20 days to
slightly less than 150% EXAMPLE 3 [0054] In this Exanple, a stacked bed

cat al yst of\the rstcTirveiurneth déntaimingHvol.% of the catalyst loading of that reactor

could be independently controlled from the last 25-volume % of catalyst.

[0051] The operating conditions for the two trains were 1350 psig H,, liquid
hourly space velocities ("LHSV") of 1.4 vol./hr/vol., and 5500-6300 SC¥/B of
hydrogen. The temperature schedule for both trains is described in Table 4 below.

TABLE 3
50% 67% 100% 100%
Normal Normal Normal Heavy
FEED FCCMCO FCCMCO FCCMCO FCCMCO
API Gravity : 18.1 15.0 9.5 7.0
Hydrogen, wt.% 10.65 10.04 8.77 8.61
Sulfur, wt.% 3.23 3.53 4.28 4.40
Nitrogen, ppm 959 1153 =~ 1485 1573
Aromatics-Mono, wt.% - - 12.0 8.8
Aromatics-Di, wt.% - - 43.9 41.7
Aromatics-Poly, wt.% - - 22.4 30.7
Distillation, D2887 GCD
10 498 493 485 493
50 627 625 618 642
90 703 705 706 749
95 726 721 724 777
TABLE 4
Days on Oil Feedstock 75%/25% Temperatures, °F
4-6 50% FCC MCO 585/650
7-15 67% FCC MCO 585/650
16-30 100% FCC MCO 585-610/650-675
31-50 100% Heavy FCC MCO 610-635/675-700




Catal yst B and 25 vol. % Nebul a, both as descri bed above, was used to
hydrotreat a light cycle cat oil feed ("Feed A') and a heavi er nediumcycle
cat oil feed ("Feed B") as described in Table 5 bel ow. Exanple 2 was
conduct ed VA 2M&4&Bke two reactor train pilot plant uni tPCTEURSBN6HEd in
Exanpl e 2 above. The operating conditions for the two trains were 1200 psig
H2, liquid hourly space velocities of 2 vol./hr/vol., and 5000 SCFB of
hydrogen. [0055] The reactor effluents were stripped with nitrogen in an
oven at 100C to renove substantially all of the gaseous reaction products.
The nitrogen content of the liquid reactor effluent was then anal yzed by
ASTM 4629. The tenperature schedul es f%) both trains along with the results
of this exanple are described in Tabl €45 bel ow. WO 2005/047434

PC11US2004/ 036110 -24 TABLE 5 FEED Feed A Feed B APl Gavity 0.973 0.9

Sul fur, wt.%2.6 2.50 N trogen, ppm 713 742 Distillation, D2887 GCD 5 427
448 50 551 590 95 707 755 EP 764 823 Catalyst B Tenperature 570 617
Nebul a Tenperature 645 692 Stripped Reactor Effl uent

[0052] The relative HDN volume activity of the stacked bed Catalyst C/Catalyst
A compared to Catalyst A is shown in the figure below. Note that for the 50%,
67% and 100% FCC MCO feeds the stacked bed system with only 25-volume % of
Catalyst A shows a stable activity advantage of 275%.

[0053] As shown in the Figure, when the 100% Heavy FCC MCO was used as
the feed note the activity advantage for the stacked bed catalyst system containing
begins to decrease from 275% to 225% and then was subsequently reduced over 20

days to slightly less than 150%.

EXAMPLE 3

[0054] In this Example, a stacked bed catalyst system containing 75 vol.% of
Catalyst B and 25 vol.% Nebula, both as described above, was used to hydrotreat a

f light cycle cat oil feed ("Feed A") and a heavier medium cycle cat oil feed ("Feed
B") as described in Table 5 below. Example 2 was conducted in the same fwo
reactor train pilot plant unit as described in Example 2 above. The operating
conditions for the two trains were 1200 psig H,, liquid hourly space velocities of 2
vol./hr/vol., and 5000 SCF/B of hydrogen.

[0055]  The reactor effluents were stripped with nitrogen in an oven at 100°C to
remove substantially all of the gaseous reaction products. The nitrogen content of
the liquid reactor effluent was then analyzed by ASTM 4629. The temperature
schedules for both frains along with the results of this example are described in

Table 5 below.
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[0056] As can be seen in Table 5, when a conventional catalyst having an

average pore diameter of 14 nm was used in the first 75 vol.% of the reactor, the

Nitrogen Removal Relative Volume Activity ("RVA") for the catalyst system

remained constant when the heavier feed was used. In comparing the resuits of

Example 3 to those obtained in Example 2, one can see that when a catalyst having

a pore volume of 7.5 nm preceded the bulk metal catalyst, the RVA of the catalyst

system decreased. However, in Example 3, the heavier feed did not negatively

impact the RVA of the catalyst system.



second hydrotreating catalyst in a reaction stage operated under effective
condi tions thereby producing a hydrotreated effluent conprising at |east a
gaseous product and a hydrotreated raffinate; and d) dewaxing said
hydrotreated raffinate under effecti Vhezg dewaxi ng conditions thereby
producing at least a lubricating oil basestock having 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, -26- wherein said first hydrotreating
catalyst is selected from supportedOiyJMSreating catalysts conprising 2 to
20 wt. % of at least one Goup VIII netal, and 5 to 50 wt. % of at | east

average pore o amcho Bsruaebf oAb RS HalBle VIH 7o ng
o ot eal PO 20EG, pHEE O NERE kP A RSRRERE], O Cup Wi B

netal, based on the total weight of the bulk catalyst particles, calcul ated
as netal oxides and wherein the bul k catal yst particles have a surface area
of at least 10 nZ/g. a). Ehtragimgedubricatingdihfeedstock hawing adistilatiosai d
lubricating oil feedstock has a 10%distillation point greater than 650F

(343C), neasured by ASTendpsiat greatsthan 869°F e426°C9, weasured byrASTM Rer al
sources, synthetic sources, Oé a a%g_}ure of the two, and sai.? | ubri cating
oi| feedstock contains uB6t® ABTM g887.9nqsolyent §xbaction Zenc Bithan

| ubricating oil feedstock,,and up to 3. 0 W, %. of sulf.ur sed. on .t he

| ubricating oil feedst ocI??‘tré?u%EOIHFBE‘&%“&’E@WW&%#BI&? BT (graéi n said

lubricating ol least an aromatics-lean raffinate solution containing

extraction solvent;

b) removing at least a portion of the extraction solvent from the
aromatics-lean raffinate solution to produce a raffinate
feedstock;

¢) contacting the raffinate feedstock with a stacked bed
hydrotreating catalyst system comprising at least a first and
second hydrotreating catalyst in a reaction stage operated
under effective conditions thereby producing a hydrotreated
cffluent comprising at least a gaseous product and a

hydrotreated raffinate; and

d) dewaxing said hydrotreated raffinate under effective
dewaxing conditions thereby producing at least a lubricating
oil basestock having a saturates content of at least 90%, a
sulfur content of 0.03 wt, % or less, and a viscosity index (V1)
between 80 and 120,



feedstock is selected fromthose derived fromsources such as oils derived
from solvent refining processes such as raffinates, partially sol vent
dewaxed oils, deasphalted oils, distillates, vacuumgas oils, coker gas
oils, slack waxes, foots oils and thgzijke, dewaxed oils, automatic
transm ssion fluid feedstocks, and Fischer- Tropsch waxes. 4. The process
according to claim3 wherein said lubricating oil feedstock is selected

fromautomatic traghgaaiseid fitst hydiohRdang ehitlys 1 scibcted HOrPS gccor ding

to claim1 wherein said process further “conprises: a) stripping the

hydr ot r eahgdratfdatingtiatdlgsts eompeisiig | eas a 20owt.i%nf apledshengGregp VI oduct
fromthe hydrotreated effluent thereby producing a stripped raffinate. 6.

The procenetaganddi ng 5 to 50 artn?d ofvdeastronedbenupny]l metal onha/birght susfaced
raffinate conprises solvent dewaxing said hydrotreated raffinate under
ef f ect i vearss Supporigaaisviahhaving antaverage pase shametes of greaterahan d 9y and

Cat ur ot es SAOGEPaRd RFRTORtesHOR SRS A DBIK Fiseel ORFOAFATR GUISuc . o6 or | oss.
d ' ity. ind VI ) bet 8 12Q. 7.~Th di t
i m 5 wOPerNT et A9 @k d° N0vs: Tl Sahdiont GBI RREEORRET! ot Png”

id hyd laat I [ '
A A B o SR A (D A

i ncl udi ng chripepakitles calculdtedna Brial 38dcd sndibeieid B bulkvagilgar es of from
about 791 to about 20786 kPa (100 to 3000 psig), liquid hourly space

vel oci t i eparticlés havesbsurfade dred of ablrast l]ﬂ)rrﬁfg.l, and hydrogen treat gas rates
from about 45 to about 1750 nB/nB (250 to 10000 scf/B), wherein said
dcwaxi ng

2. The process according to claim 1 wherein said lubricating oil
feedstock has a 10% distillation point greater than 650°F (343°C), measured by
ASTM D 86 or ASTM 2887, and is derived from mineral sources, synthetic
sources, or a mixture of the two, and said lubricating oil feedstock contains up to
0.2 wt. % of nitrogen, based on the lubricating oil feedstock, and up to 3.0 wt. %
of sulfur, based on the lubricating oil feedstock.

3. The process according to claim 2 wherein said lubricating oil
feedstock is selccted from those derived from sources such as oils derived from
solvent refining processes such as raffinates, partially solvent dewaxed oils,
deasphalted oils, distillates, vacuum gas oils, coker gas oils, slack waxes, foots oils
and the like, dewaxed oils, automatic transmission fluid feedstocks, and Fischer-

Tropsch waxes.

4. The process according to claim 3 wherein said lubricating oil

feedstock is selected from automatic transmission fluid feedstocks.



catalyst is selected fromZSM5, ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57,
Beta, SSZ-31, SAPO- 11, SAPO 31, SAPO-41, MAPO-| 1, ECR-42, fluorided
alumna, silica-alumna, fluorided silica alum na, synthetic Ferrierites,
Mordenite, O fretite, erionite, chabag—; te, and m xtures thereof, said

dewaxi ng catalyst further conprising at |east one Group VIIl noble netal.
8. The process according to claiml wherein said Goup VIII netal of said
first hydrotreatin taI

sai d Group VI netaf Eaesls:afszgc?r Lec‘t'oo‘(f:lf’ ﬁ%ﬁ%‘?m %qn@@?oé@sé%@ﬁlﬁect Qgrfe;n;m

gmﬁﬂgﬁ“ xtures thereof and said high surface area support materi al
|s sel ect &9 silica, alumna, and m xtures thereof. 9. The process

according to claim1 wherein said bul k net aIOI hydrotreati ng cat a: ys;tNh
' G VLI
the molar ratio Sf:peaaup STHRPIPG ths BTOUFHES FEL TP SR ysw?leﬁé%gé@qn?é?& ’
10: 1-1:10. 1.0. T
Goup VIII non- nogl gr(r)n(;t ﬁh‘gg%%gﬁgi;gﬁ;@t Oﬁll@eghu%m@{f%“adwﬁs are prgsgﬂf as

oxi dic conpounds of the or if the catalyst
it OAGRE TR,

conposi tion has been sul ¢ conpounds of the corresponding
netals. 11. The process according to claim10 mhereln t he bulk net al

hyd [ h f 50 4 g, [
Vlune ot apout 063 DG acBotiRg o a4 Whifein 43P ? at least 50
nydr ot r eal VHEOREREF (SRt Rs SoRic d¢ %@?ﬁg?‘@ﬂ%&%éﬁ%?&ba@

hydrogen - \pget & ctwmuéxﬁ@fwﬁgwﬁﬁﬁoﬁmﬁeaﬁﬁpﬂ@a@c{n@m 1643000 psig), a

space velocity of fromO.1 to l'iquid hourly 'space velocity (LHSV), and a
hydrogen tigbffietihg' 6il basestock characterized as a Group II basestock having a saturates

content of at least 90%, a sulfur content of 0.03 wt. % or less, and a viscosity
index (VI) bctween 80 and 120.

7. The process according to claim 5 wherein dewaxing said
hydrotreated raffinatc comprises contacting said hydrotreated raffinate with at
least one dewaxing catalyst in a dewaxing zonc operated under effective catalytic
dewaxing conditions including temperatures of from about 250 to about 400°C,
pressures of from about 791 to about 20786 kPa (100 to 3000 psig), liquid hourly
space velocities of from about 0.1 to about 10 hr™', and hydrogen treat gas rates
from about 45 to about 1780 m*/m° (250 to 10000 scf/B), wherein said dewaxing
catalyst is selected from ZSM-5, ZSM-22, ZSM-23, ZSM-35, ZSM-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, erionitc, chabazite, and mixtures thereof, said dewaxing catalyst further

comprising at least one Group VIII noble metal.

8. The process according to claim 1 wherein said Group VIII metal
of said first hydrotreating catalyst is selected from Co Ni, and mixtures thereof,

said Group VI metal of said first hydrotreating catalyst is selected from Mo, W,



of from89 to 1780 nB1nB (500 to 10000 scf/B). 13. The process according to
claim1l wherein the catal yst systemof the present invention conprises
about 5-95 vol. %of the first hydrotreating catalyst with the second
hydrotreati ng catal yst conprising the remainder. 14. The process accordi ng
to claim1. wherein the catal yst syste?ﬁ of the present invention conprises
about 5-50 vol. %of the first hydrotrcating catalyst with the second

hydrotr eatalncqgni%%}rgls Setrec?to anid satd H?ght srherfa[c%rra?ée{] ‘(Sjt?pr{iort material is selccted from

silica, alumina, and mixtures thereof.

9. The process according to claim 1 wherein said bulk mctal
hydrotreating catalyst comprises one Group VIl non-noble metal and two Group
VIB metals wherein the molar ratio of Group VIB to Group VIII non-noble metals
ranges from 10:1-1:10.

10. The process according to claim 9 wherein the at least one Group
VIII non-noble metal and at least one Group VIB metals are present as axidic
compounds of the corresponding metals, or if the catalyst composition has been

sulfided, sulfidic compounds of the corresponding metals,

11. The process according to claim 10 wherein the bulk metal
hydrotreating catalysts have a surface area of at least 50 m2/g, a pore size volume

of about 0.05 to about 5 ml/g, and a median diameter of at least 50 nm.

12. The process according to claim 1 wherein said cffective
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
from 0.1 to 10 liquid hourly space velocity (LHSV), and a hydrogen to feed ratio
of from 89 to 1780 m3/m3 (500 to 10600 scf/B).

13. The process according to ¢laim 1 wherein the catalyst system of
the present invention compriscs about 5-95 vol. % of the first hydrotreating

catalyst with the second hydrotreating catalyst comprising the remainder.

14, The process according to claim 1 wherein the catalyst system of
the present invention comprises about 5-50 vol. % of the first hydrotreating

catalyst with the second hydrotreating catalyst comprising the remainder.



