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BASESTOCKS FI ELD OF THE | NVENTI ON 100011 This i nvention rel qtaemmmma

process f)Wq g@%g%kpg | ubricating oil basestocks havi ng?gg%%}yﬁ%ﬁ_ﬁpsi ty

i ndex (VI containing feeds. More particularly ai ni ng
feedstock is hydrotreated under mld conditions, catalytically hydrodewaxed
and hydrof i ni shed. BACKGROUND OF THE IFNVENTI ON 100021 Historically,

| ubricating oil products for use in applications such as autonotive engi ne
oils have used additives to inprove specific properties of the basestocks

used to prepare theAMERHOD FORMAKING IHUBE-BASESTOEKSi ncr eased

envi ronnent al concerns, the performance requirenents for the basestocks

t hensel ves have increased. Anerican PetroleumlInstitute (API) requirenents
for Goup Il basestocks include a saturates content of at least 90% a

sul fur content of 0.03 w.%or less and a viscosity index (VI) between 80
and 120. THELROBETHEBWENTION G oup |11 basestocks are those of Group Il
basest ocks except that the VI is at |east 120. 100031 Conventi onal

techni quesygp@t) Pr RS iM@nlida eelREhse ag%‘ﬁ&s%‘&'or prephsiag A6k Qdingroipol vent

extraction require severe operating ditions such“as high pressure and

tenperature or hj solvent:oil ratio i gh extraction 13 .MAR 2007
i basestoci(g Ravmg aehlgh VISCOSItY mcfexa(qu %o?n wax contam&g eeds.

More particularly, a wax containing feedstock is hydrotreated under miid

conditions, catalytically hydrodewaxed and hydrofinished.

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



WD 21101/ 033596 PCT/ US2003/ 031740 -2- tenperatures to reach these higher
basestock qualities. Either alternative involves expensive opey dil nm7

condi tion i el ds. 100041 Hydrocracki ng has been i i th
hydrotrea?gﬁgﬂggﬂﬁgyprelininary step. However, this conb?ﬁgﬁpgﬂggpﬁ%'results
in decreased yields of lubricating oils due to the conversion to
distillates that typically acconpany the hydrocracking process. 100051 It
woul d be desirable to have a econom cal process for preparing Goup |11
basestocks in high yields by m nim zing conversion to | ow boiling
distillates while at the sane tine producing a product having excellent |ow
tenperature properties, high VI and high stability. 13 MAR 2001 WO 2 0 6-/0
3 35 9 6 PCT/US2003/ 031740 -3- SUVWMARY OF THE | NVENTI ON 100061 The present
invention is directed at a process to prepare lubricating oil basestocks
having a VI of about 110 to about 130 froma lube oil boiling range

feedst ock. 100071 The process conpri ses: .a) conducting a lubricating oi

f eedst ock tgraperagyes threagh these tngher hasesteskoqualiies, &SithenaltemativRe | ubri cat i ng

oi| feedstock under conditions effective
involves expensive operating conditions and low yields.

{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.



at producing at |east an aromatics-lean raffinate solution; b) renoving at

| east a portion of the extraction solvent fromthe aronmatics- | i nate
solution t &.a raffinate feedstock having a dewaxed,_ oil ty

i ndex fron?gl%gﬁgﬁ%mto about 105 and a wax content of g%gg{‘éﬁz”‘{"ﬁ’éh”‘lS W . %
c) contacting the raffinate feedstock with a hydrotreating catalyst in a
first reaction stage operated under effective conditions to produce at

| east a gaseous product and a hydrotreated feedstock d) stripping the
hydrotreated feedstock to separate at |east a portion of the gaseous
product fromthe hydrotreated feedstock to produce a stripped feedstock;
and 13 MAR 2007 WO 2004/033596 PCT/US2(303/031740 -4- e) contacting the
stripped feedstock with at | east one dewaxi ng catal yst in a dewaxi ng zone
oper at ed under effective hydrodewaxi ng conditions, wherein said dewaxing
catal yst contains at |east one Goup VIII noble mnmetal and is selected from
ZSM5, ZSM 22, ZSM 23, ZSM 35, ZSM 48, ZSM 57, Beta, SSZ-31, SAPO 11,

SAPO- 31, SBPMIMARYMMPSTHE INVERTIOMN?  f| uori ded al umina, silica-alunina,

fluorided silica alumna, synthetic Ferrierites, Mrdenite, Ofretite,
er! ogiats e giggbpz' "Phe Fradent Th¥dritionSis dReRA at o6& 16 pecpiet Nebritatinpr | cating
oil basestocks having a VI of about 110 to about 130 from a lube oil boiling

range feedstock.

{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 2 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



100081 In one enbodi nent of the present invention, a hydrofinished
| ubricating oil basestock is produced by contacting the |ubrigatispgpwil

basest ock wpizbieasfydr of i ni shing catal yst in a hydrofini erat ed
under effective hydrofininishing conditions. DETAI LED Dﬁ%@ﬁ%%@ THE

| NVENTI ON 10009) It should be noted that the terns "feedstock” and
"feedstreant as used herein are synonynous. 13 MAR 2007 WD 211114/ 033596
PCT/ US2003/ 031740 -5- Lubricating Q| Feedstocks 100101 The feedstock used
in the process of the invention are wax- containing feeds that boil in the

| ubricating oil range, typically having a 10% distillation point greater

t han 650F (343C), neasured by ASTM D 84.-or ASTM 2887, and are derived from
m neral sources, synthetic sources, or a mxture of the two. Non-limting
exanpl es of suitable lubricating oil feedstocks include those derived from
sources such as oils derived fromsolvent refining processes such as

raf finates, rtlallé_} | vent efwaéed OW&;‘ death lted oils, distillates,
vacuum gas oF SCOW g thestpp stagk withat least gne deyaring¢alalypkin g ke, and
Fi scher- Tropsch waxes. 100111 These feedstocks may al so have hi gh contents
of nitrogen- andewanihfuzone opératédnanics sffeetbeishpdroidaivakitg cunditions, 2 wt . % of
nitrogen, based on

wherein said dewaxing catalyst contains at least one Group VIII noble

metal and 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, erionite, chabazite, and

mixtures thereof thereby producing 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.



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 inqﬁées of up
to 200 ory@9kfnisayefur and nitrogen contents may be neaééieg B? dilfar d
ASTM net hods - DbAB3 and D4629, respectively. 13 NAR 2007 VO/558%7643406

PCT/ US21013/ 031740 -6- Raffinate Feedstocks (0012] The raffinate feedstocks
used herein are derived froma solvent extraction process. In a solvent
extraction process as contenplated herein, the |lube oil feedstocks defined
above are solvent extracted. The solvent extraction process selectively

di ssol ves the aromatic conponents in an aromatics-rich extract solution
while | eaving the nore paraffinic conpanents in the "aromatics-|ean
raf fi nate solution". Naphthenes are distributed between the extract and
raf fi nate phases. Typical solvents for solvent extraction include phenol,

furfural and N-nethyl pyrrolidone. By controlling the solvent to oil ratio,
extraction tenperature _and nethod of contacting distillate to be extracted
with sol velaubri 1 tacks he degree of separation between the extract

and raffinate phases. (00131 In the solvent extraction process, the |ube

oi | feedstiggky ar FThe Feddsestkasbel in H% prodessofithadhiveritionhré waklvent extraction
zone. In the solvent extraction zone, a lube oil boiling range feedstock as

defined at%:%\r/lﬁiinfnsg feeds that boil in the lubricating oil range, typically having a 10%

distillation point greater than 650°F (343°C), measured by ASTM D 86 or
ASTM 2887, and are derived from mineral sources, synthetic sources, or a
mixture of the two. Non-limiting examples of suitable lubricating oil
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.



contacted with an extraction solvent. The extraction solvent used herein is
not «critical and can be any solvent known that has an afflnlt romatic
hydr ocar baig 2400/084584 €r ence to non-aromatic hydrocarbons. , %A%iT@ 13 MAR
2007 WD 2004/ 033596 PCTI US2003/ 031740 -7- exanpl es of suc i nel ude
sul fol ane, furfural, phenol, and N-nethyl pyrrolidone ("NNP") Furfural,
phenol, and NVP are preferred. 10014) The contacting of the tube oil boiling
range feedstreamwi th the extraction solvent can be acconplished by any

sui tabl e solvent extraction nethod. Non-limting exanples of such include
bat ch, sem -batch, or continuous. It is preferred that the extraction
process be a continuous process, and.gt is nore preferred that the
continuous process be operated in a counter- current fashion. In a
counter-current configuration, it is preferred that the tube oil boiling
range feedstream be introduced into the bottom of an elongated contacting
zone or t and_caysed, to flow in an upward direction while the
extractioﬁ£§éﬁﬁﬁﬁ£fﬁiﬂﬂﬁﬁioduced at the top of the tower and allowed to flow
in a downward direction, counter-current to the upflow ng tube oil boiling

range feqd8i2]eanThe naffinase feeditiogks asédirereinhare detieed ftonhaisblvept r ange
feedstreamis forced to pass counter-currently to the extraction sol vent

resul ting ééﬂ'awgn Pi‘d&b@#nea s b Oﬂﬁéxtﬁ?{c‘l 0&9: a@&ﬁ?emﬁlg d} 5¥1§n[heand the

tube oil ange rac ion hé t ube oil

boi l i ng range feedstream
lube oi! feedstocks defined above 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.

(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



thus mgrate to opposite ends of the contacting zone. 13 MAR 2007 WD

2004/ 033596 PCT/ US2003/ 031740 -8- [00151 The contacting of the{BWMAR 2007

boi i ng raRPk treamwith the extraction solvent prg(?ryces at | east an
aromatics-lean raffinate solution. The aromatics-lean rafyyate3deution is
then treated to renove at |east a portion of the extraction sol vent
contained therein, thus producing the raffinate used as a feedstock herein.
The-renoval of at |east a portion of the extraction solvent can be done by
any nmeans known in the art effective at separating at |least a portion of an
extraction solvent froman aromatics | ean raffinate solution. Preferably
the raffinate is produced by separatir]?_ at least a portion of the first
extraction solvent fromthe aromatics-lean raffinate solution in a stripping
or distillation tower. By at least a portion, it is meant that at | east
about 80 vol % preferably about 90 vol % nore preferably 95 vol % based on
the aromatics- lean raffinate solution, of the extraction solvent is renoved
fromt he axemgpié¢scef suchanlveaty inchide sudfolaneofurfvel phpnel, andM-metboist anti al |y
all of the extraction solvent is renoved. 10016) It should be noted that

t he phrasen, [ n LN o) NRAD ard nonynmous with the
"raf]l‘oi nat g)y ihe %ﬁﬁ%ﬁga%ﬁ%{rékgﬁﬁ%héﬂr&aymg{éeﬁregﬁzﬁyon"yi S neant to
refer to the products of solvent extraction before the solvent has been
renoved, i.e. distilled or stripped, fromthe respective phases.

[0014]  The contacting of the lube oil boiling range feedstream with the
extraction solvent can be accomplished by any suitable solvent extraction
method. Non-limiting examples of such include batch, semi-batch, or
continuous. 1t 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 tower and caused to flow in an upward direction while the
extraction solvent is introduced .at the top of the tower and allowed to flow in a
downward direction, counter-current to the upflowing lube oil boiling range
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.



Thus, "raffinate", as used herein, refers to the raffinate product after at
| east a 13 MAR 2007 WD 2004/ 033596 PCT/ US2003/031740 -9- poggﬁsﬂbﬁgﬁd t he
3858945

sol vent c%%%ﬁ% shd the "aromatics-lean raffinate sol utpefiy

removed. Is preferred that the raffinates used herein be under
extracted, i.e., the extraction is carried out under conditions such that
the raffinate yield is maximzed while still renoving nost of the | owest

quality nolecules fromthe 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 solvent extraction unit is stg.i pped 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 oi
viscosity index of fron1about 75 to about 105, preferably 80 to 95, nore

preferably &3 bout L.nat e feedstock wl | so have a
wax cont ent ggat e ﬁ P@g-ll_ufe %al\}ag;(h %Fa@lgﬁﬁdﬁsgeéfne‘é’t"i‘rtﬁ? han about 40
wt . % wax. The wax content of a feed may be determ ned by nucl ear nagnetic
resonance speactiorssoipgnt(pisdidesar st alburonatiostiean vaffindid sotationls Th&STM
D3238) or by sol vent neans (ASTM D3235). 13 MAR 2007

aromatics-lean raffinate solution is then treated to remove at least a portion of

the extraction solvent contained therein, thus producing the raffinate used as a

feedstock herein. 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 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.

j0016]) 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



WD 2004/ 033596 PCT/ US20413/ 031740 -10 Hydrotreating 10019] For
hydrotreating, the catalysts are those effective for hydrotreagi ng
catal ysts containing at |east one netal selected from G oup vi 3 HaE 4
Group VI I IWHEIMUSI®Eng i xtures thereof. Preferred metal PCTAERYGOIHHeKel |
tungsten, nolybdenum cobalt and m xtures thereof. These netals or m xtures
of netals are typically present as oxides or sulfides on refractory netal
oxi de supports. The anmount of metals, either individually or in m xtures,
for supported catalysts ranges fromabout 0.5 to 35 w.% based on the
catalyst, while if a bulk or unsupported catalysts is used, the netals
content can range as high as 98 w. % sbased on the catalyst. In the case of
preferred m xtures of G oup VIII meta'P's with Goup VI netals, the Goup
VIIl metals are present in anounts ranging fromabout 0.5 to 5 w.% based
on catalyst and the Goup VI netals are present in anmounts ranging from
about 5 to 30 wt.% The anobunts of netals nay be neasured by atom c

absor pt i onpemeatofthe aplvent cahtained @i the 'moupbecs-[Haasaffirste solationhasi on
spectronmetry or other methods specified by ASTM for individual netals.
100201 Thebé%dlreﬂ.%g\%ati ng catal ysts used herein can be either supported, or
bul k or unsupported. However, if the hydrotreating catalyst is supported, it
is inportant that the netal oxide support used for the hydrotreating

catal ysts 13 MAR 2007

ﬂiuch as

[0017]) It is preferred that the raffinates used herein be under extracted, i.e.,
the extraction is carried out under conditions such that the raffinate yield is
maximized while stil]l 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 o1l 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, preferably 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).



WD 2004/ 033596 PCT/ US2003/031740 -11- herein be non-acidic so as to control
cracking. A useful scale of acidity for catalysts is based di3 WARed07

i someri za nmet hyl - 2- pent ene as descri bed by Kr Mpcker, J.
Cat al ysi s, béﬁ“&53)6(1985) In this scale of acidity, 2- lﬂéﬁe% pehtene S
subjected to the catalyst to be evaluated at a fixed tenperature typically
200C. In the presence of catalyst sites, 2-nethyl-2- pentene forns a
carbeniumion. The isonerization pathway of the carbenium ion is indicative
of the acidity of active sites in the catalyst. Thus weakly acidic sites
form 4- et hyl - 2- pentene whereas strongly acidic sites result in a skeletal
rearrangenment to 3-methyl-2-pentene w.iga very strongly acid sites formng
2, 3-di met hyl - 2-butene. The nole ratio of -nethyl-2-pentene to 4-

met hyl - 2- pentene can be correlated to a scale of acidity, which ranges from
0.0 to 4.0. Very weakly acidic sites wll have values near 0.0 whereas very
strongly acidic sites will have val ues approaching 4.0. The catal ysts useful
in the mihﬁhﬁﬂﬁﬂﬂ!ﬂss have acidity values of |ess than about 0.5
preferably | ess than about 0.3. The acidity of metal oxide supports can be

control | eqoh19) ad@onbydraratifp Stherdtadysts efathbse effectbie forHydpdtrdatiet he nature
of the netal oxide support e.g., by controlling the anount of S|I|ca

dopants. | rhds caply é'ghﬁtﬁi‘rg@%afkﬁﬁfrﬁ’ﬁsﬁ e BB SriouB ORI, (1T
rare-earth oxides and nagnesia. Pronoters such as hal ogens generally
i ncrease tGroupcVHE myetals, amd miixtures thereof. Preferred metals include nickel,
tungsten, molybdenum, cobalt and mixtures thereof. These metals or mixtures
of metals are typically present as oxides or sulfides on refractory metal oxide
supports. The amount of metais, 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 catalyst 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



13 MAR 2007 WD 211114/033596 PCT/ US2003/031740 -12- oxide supports while
m | dly basic dopants such as yttria or nmagnesia tend to decr ¢pygR ying

acidity of suc upports. 100211 Suitabl e netal oxide Slm de | ow
aci di ¢ oxI'& "“Q'ii% %as silica, alumna or titania, preferab %ﬁgld&ﬁﬁa.

Preferred al um nas are porous alum nas such as ganmma or beta having average
pore sizes from50 to 200k, preferably 75 to 150k, a surface area from 100
to 300 n2/g, preferably 150 to 250 nR/g and a pore volune of fromO0.25 to
1.0 cnB/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. [00221 Preferred netal catalysts include
cobal t/ nol ybdenum (1-5% Co as oxide, - 10 25% Mo as oxi de) nickel /ol ybdenum
(1-5% N as oxide, 10-25% Co as oxide) or nickel/tungsten (1-5% N as

oxi de, 10-30% W as oxide) on alumna. Especially preferred are

ni ckel / mol ybdenum cat al ysts such as KF- 840. [00231 Effective hydrotreating
condi ti onshasimtseenlomemfl’msw apltaedntyolionadkin At wsefddrssalerefsacadity farm 150 to
400C, preferably 200 to 350C, a hydrogen partial pressure of from 1480 to

20785 Kkt sAasisqs BAG 6Pt isomeRZAIGbY2 ARty 12-phiincHeRis Bt gyl 104/ 033596
Kramer and McVicker, J. Catalysis, 92, 355 (1985). In this scale of acidity, 2-
methyl-2-pentene is subjected to the catalyst to be evaluated at a fixed
temperature, typically 200°C. In the presence of catalyst sites, 2-methyl-2-
pentene forms a carbenium ion. The isomerization pathway of the carbenium
ion is indicative of the acidity of active sites in the catalyst. Thus weakly
acidic sites form 4-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, yttnia, rare-earth oxides and

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



-13- 13891 kPa (400 to 2000 psig), a space velocity of from0.1 to 10 liquid

hourly space velocity (LHSV), preferably 0.1 to 5 LHSV, and aih %@n to
feed ratiwo @isdss99 89 to 1780 nB/ nB (500 to 10000 scf B) ’&3 %/? 78 to

890 nB/ 8. (00241 Hydrotreating reduces the anmount of H??ﬁﬁ%@ﬁ-
sul fur-containing contamnants to levels that will not unacceptably affect
t he dewaxing catal yst in the subsequent dewaxing step. Al so, there may be
certain polynuclear aromatic species that will pass through the present

m | d hydrotreating step. These contam nants, if present, will be renoved in
a subsequent hydrofinishing step. (00251 Effective hydrotreating conditions
are considered those conditions whicpwhen selected, result in less than 5
wt. % of the feedstock, preferably less than 3 w.% nore preferably |ess
than 2 wt.% being converted to 650F (343C) mnus products. Effective
hydrotreating conditions are also those that when selected produce a

hydr ot r eat eig feedstoclﬁyvmlgﬁg I lnéor ease if’ | ess.than 4, preferably |ess
than 3, n@¥idesHppeRtspibylemidlyhagic CORINESTUCR as1yAR1A Hemgpnesia 41 1of eedst ock.
The high wax contents of the present feeds results in mnimal VI increase

during t h@edryabeche aeiditypfsueh suppotddR 1007 WO 2004/ 1133596 PCT/ US2003/ 031740
-14- 100261 The hydrotreated feedstock may be passed directly to the

dewaxi ng

[0021]  Suitable metal oxide supports include low acidic oxides such as
silica, alumina or titania, preferably alumina. Preferred aluminas 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 0.25 to 1.0 cm®/g, preferably 0.35 to 0.8
cm’/g. The supports are preferably not promoted 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/moiybdenum (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



step or preferably, stripped to renpbve gaseous contam nants such as hydrogen
sul fide and ammoni a prior to dewaxing. Stripping can be by conyvEm ppnal
means suGRoa ?mls druns or fractionators. Dewaxing Cq.tqlﬂ)gsgm[(,gpggl The
dewaxi ng cata may be either crystalline or anorphous. Crystalline
materials are rml ecul ar sieves that contain at |east one 10 or 12 ring
channel and may be based on alum nosilicates (zeolites) or on

al um nophosphat es such as silicoal um nophosphates (SAPO s) and MAPO s.

Zeol ites used for oxygenate treatnment nmay contain at |east one 10 or 12
channel . Exanpl es of such zeolites include ZSM 22, ZSM 23, ZSM 35, ZSM 48,
ZSM 57, ferrierite, 1TQ 13, MCM 68 andsMCM 71. Exanpl es of

al um nophosphat es contai ning at |east one 10 ring channel include ECR-42.
Exanpl es of nol ecul ar sieves containing 12 ring channels include zeolite
beta, and MCM 68. The nol ecul ar sieves are described in US Patent Nunbers

5, 246, 566, 5, 2 9 4,397,827, 4,585,747, 5,075,269 and
4, 440, 871. 1 shiels (40048 2DP0 piR); snase malaay rom, G160 485iawdbeynly and
| TQ 13 are described in PCT published applications WO 0242207 and WO

0078677. Hpacdieloditd(EHSAepreferably €.1303, BHAV, QuttatbydroPétd feeliahtitise 13 MAR
2007 WD 2004/ 033596  PCT/ US20113/ 031740 -15- herein incfude SAPO- 11, SAPO 3

L SAPO-4 oG %od 173 MG d TP &EB), preferably 178 to 890 m¥/m’

( [0024])  Hydrotreating reduces the amount of nitrogen- and sulfur-containing
contaminants to levels that will not unacceptably affect the dewaxing catalyst
in the subsequent dewaxing step. Aiso, 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.



MAPO- 11. SSZ-31 is also a catalyst that can be effectively used herein.
Preferred catal ysts include ZSM 48, ZSM 22 and ZSM 23. Especi al {ywgy efpprred
I s ZSM 48wd hesMpdsecul ar sieves are preferably in the hyf‘f:?ﬂﬁ?num?ﬁ%
Reduction can occur in situ during the dewaxing step itse Or 'Can ‘occur ex
situ in another vessel. 100281 Anorphous dewaxi ng catal ysts include al um na,
fluorided alumna, silica-alumna, fluorided silica-alumna and

silica-alum na doped with Goup I1I1I1B netals. Such catal ysts are descri bed
for exanple in US Patent Nos. 4,900,707 and 6, 383, 366. The dewaxi ng

catal ysts used herein are bifunctional, i.e., they are |oaded with at | east
one netal hydrogenati on conponent, whilgh is selected from Goup VI netals,
Goup VIII nmetals, or mxtures thereof. Preferred netals are selected from
Goup VIII nmetals. Especially preferred are Goup VIII noble netals such as

Pt, Pd or m xtures thereof. These netals are |oaded at the rate of 0.1 to

e dostr FIBAI 1 or TRGBAODepleodecastck Fte oo afectly (g doim ror

exanpl e i on exchange and i npregnati on usi ng deconposable netal salts. Metal
di sper si osteperiprefenatdy astripped t0 seshoypmgaseobe contaminants suth 48hiriggeN07 WO
2004/ 033596 PCT/ US2003/031710 -16- techniques are described in US Patent

No. '5, 282 Qe .G hikthih i o WM dxing Sy Shd Be By Rbhighaper sed et al

are preferreéd.

means such as flash drums or fractionators.

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 based 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 SAPO's for use



100291 The nol ecul ar sieves are typically conposited w th binder @& rials
which are resistant to high tenperatures which may be enpl oyed 2007

dewaxi ng &amdbdlediisst 0 forma finished dewaxi ng catal yst Jg
bi nderl ess (self b(’)und). The binder materials are usual F§*ﬁ”§§?"3 "t oxi des

such as silica, alumna, silica-alum nas, binary conbinations of silicas
with other nmetal oxides such as titania, nagnesia, thoria, zirconia and the
like and tertiary conbinations of these oxides such as silica-al unm na
-thoria and silica-alumna magnesia. The anount of nol ecular sieve in the
fini shed dewaxi ng catalyst is from 10 to 100, preferably 35 to 100 wt. %
based on catalyst. Such catalysts argsformed by nethods such spray drying,
extrusion and the like. The dewaxing catalyst nay be used in the sulfided
or unsulfided form and is preferably in the sulfided form 10030]

Ef fective dewaxi ng conditions as used herein includes tenperatures of from
250 - 400C, preferably 275 to 350C, pressures of from 791 to 20786 kPa (100
to 3000 pdieggin ipelude MQ114§6%317§A§Q<% '\lrzbwlta(bksz@sa igipludel i qui d

hourly space velocities of fromO0.1 to 10 hr'l, preferably 0.1 to 5 hr' and

13 MAR 2O(MAP@IQ0%@3@5@51sB’%aké’i’g&QﬁétOé’ahmffeclﬁml)hh’ﬁb’dqg@@d reat gas rates
from45 to 1780 n8/nB (250 to 10000 scf/B preferdbly 89 to 890 n8/n8 (500
to 5000 sqf By i Alid ishd97sM-48, ZSM-22 and ZSM-23. Especially

preferred is ZSM-48. The molecular sieves are preferably in the hydrogen

form. Reduction can occur in sttu during the dewaxing step itself or can occur

ex situ in another vessel.

[0028] Amorphous dewaxing catalysts include alumina, fluorided alumina,
silica-alumina, fluorided silica-alumina and silica-alumina doped with Group
I1IB metals. Such catalysts are described 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 impregnatioh using decomposable

metal salts. Metal dispersion techniques and catalyst particle size control



10031) In a preferred enbodi ment, at |east a portion of the product from
dewaxing is passed directly to a hydrofinishing step without dijsgRgagenent .

It is prevenromaitmshydrofinish the product resulting frwﬁl n order
to adjust product qualities to desired specifications. Hydro |n|m§ idr'lg is a

formof mld hydrotreating directed to saturating any |ube range ol efins
and residual aromatics as well as to renoving any renmai ni ng heteroatons and
col or bodies. The post dewaxing hydrofinishing is usually carried out in
cascade with the dewaxing step. CGenerally the hydrofinishing will be
carried out at tenperatures from about 150C to 350C, preferably NOT to
250C. Total pressures are typically fit®m 2859 to 20786 kPa (about 400 to
3000 psig). Liquid hourly space velocity is typically from0. 1 to 5 LHSV
(hr-"), preferably 0. 5to 3 hr44 and hydrogen treat gas rates of from44.5
to 1780 nB/nB (250 to 10,000 scfB). 100321 Hydrofinishing catalysts are

t hose cont aini.: I . e I S o0 0 VI met.als, Goup
VI netal l?c%ﬁgeﬁlg&qtﬁ%%éb?@g} g};ﬁateﬁﬁg#’eﬁ?gg’%& ?F@Y#glwd{?es'ﬁ?ﬁl east one
nobl e nmetal having a strong hydrogenati on WO 24104/ 1133596 PCT/ US24/ 4M 407
- 18- functpaticlesizreandmell-dispersedmetalare praferrednd ni xt ures thereof. The

m xture of netals may al so be present as bulk netal catal ysts wherein the
anount of netal 1is 30 w .%or greater based on catal yst. Suitable netal

oxi de supports include |ow acidic oxides such as silica, alumna,

Py of i ni SHPAD carTleyBpECHSF Sivshas wEicaly omisied i 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.

[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



conprise at |east one netal having relatively strong hydrogenation function
on a porous support. Typical support materials include anorp
FeuN

crystalli | materials such as alumna, silica, a i1
A Wttt

The metal content of the catalyst is often as high as
percent for non-noble nmetals. Noble netals are usually present in anmounts
no greater than about | w.% 100331 The hydrofinishing catalyst is
preferably a mesoporous material belonging to the MA1 S class or famly of
catal ysts. The M41 S fam |y of catalysts are nesoporous materials having
high silica contents whose preparation is further described in J. Aner.
Chem Soc., 1992, 114, 10834. Exanpl-es.included MCM 41, MCM 48 and MCM 50.
Mesoporous refers to catalysts having pore sizes from15 to 100 AL A
preferred menber of this class is MCM 41l whose preparation is described in
US Patent No. 5,098,684. MM 41l is an inorganic, porous, non-layered phase

havi ng a hexagonal _ arrangepent B of | fosmM y-.si.ze es,...The physi cal
struct ur elp%éf typpt 2aS TAEMRTLAD fo 5@626’0&11? 9@%@9@%@% 8&¥Bd3/ 031740 - 10-

| i ke a bundl e of straws wherein the opening of the straws (the cell dianeter
of the perefejablyBges 890any/mB (500 OENOGNELMBlons. MCM 48 has a cubic symmetry
and is described for exanple is US Patent No. 5,198, 203 whereas MCM 50 has a
| anel | ar structure. MCM 41 can be nmade with different size pore openings in
t he nesoporous range.' The nmesoporous materials may bear a netal

Hydrofinishing
[0031]  In a preferred embodiment, at least a portion of the product from

dewaxing is passed dil;ect]y to a hydrofinishing step without disengagement. It
is preferred to hydrofinish the product resulting 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
E 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. I to S 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



hydr ogenati on conponent which is at | east one Goup VIII nmetal. Preferred
are Goup VIIl noble netals, nost preferably Pt, Pd or m xtures_thereof.

[ 00341 As Vel atoga3zmbove, typical hydrofinishing conditi onpcfﬁ@g&dm%ﬂ,_&{lm
tenperatures from about 150C to 350C, preferably 180C to 250C. Tot al
pressures are typically from 2859 to 20786 kPa (about 400 to 3000 psig).
Liquid hourly space velocity is typically fromO. 1 to 5 LHSV (hr" 1),
preferably 0. 5to 3 hr -1 and hydrogen treat gas rates of from44.5 to
1780 nB/nmB (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 hydfldfi ni shing catalyst results in a

| ubricating oil product neeting the desired specifications, i.e. color,
etc. 100351 The lubricating oil basestocks resulti ng fromthe presently
di scl osed process will have viscosity indexes ("VI") of about 110 to about

155, 15 el oot b e SRS and 1 ow

tenperature properties. 100361 The above descriptiaon is direct ed to
pr ef er r ed TRBBANARALSO berpresent as bulemetal sotafystywhergin ke amountef metalhe art
w Il recognize that other enbodinents that are equally effective could be

devi sed f q§ 30avt/%! di%greater bARd didédtalysOfSuifable RvAMXi@ supports include
low acidic oxides such as silica, alumina, silica-aluminas or titania, preferably
alumina. The preferred hydrofinishing catalysts for aromatics saturation will
comprise at least one metal having relatively strong hydrogenation function on
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 M41S 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 class
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



100371 The follow ng exanples will illustrate the inproved effectiveness of
the present invention, but is not neant to limt the present i15“fﬂl?t2h[ﬂn I n

any fashj PLES EXAMPLE | 100381 A raffinate having a Viscosity
| ndex (" V’I‘@mg%%@ (foll owi ng sol vent dewaxing) and ha?ﬁﬁl;l”é?"wu‘)ontent

of 15wt % was used 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 conmercial catalyst obtained from Akzo Nobel and

mar ket ed under the nane KF-840. The results of this Exanple are contained
in Table | below. 13 MAR 2001 WO 2004/0Q33596 PCT/ US2003/031740 -21-
EXAMPLES 2 AND 3 100391 It shoul d be H8ted that the Exanpl es that foll ow,
nanmely Exanples 2 and 3, are based on information derived from nodels and
estimates from related experinents. These exanples illustrate approaches to
upgrading a raffinate to 115 VI but instead using a conbi nation of

hydr ot r eatliketh buntlile by stiadewheidif thé dpénig of thiv sthivag(thé epll \@Rathéterof mal |y be
used in a comercial process but was not considered germane to
denonst ' atthggo}ers'franges from 15 to 100 Angstroms. MCM-48 has a cubic symmetry

and is described for example is US Patent No. 5,198,203 whereas MCM-50 has

a lamellar structure. MCM-41 can be made with different size pore openings in

the mesoporous range.” The mesoporous materials may bear a metal

hydrogenation component 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 o1l 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,



i nvention) The catal yst used for hydrodewaxi ng conprises a noble netal on a
bound zeolite (ZSM 48). 100401 The key properties of the sol V@g\MA%mxed
basestoclg‘,@m, TobRoe r €l ati onshi p between the kinematic vipgeashios/eardo
volatility ané ornmul ated oil |ow tenperature properties. A volatility of

| ess than 15% Noack is excellent for a viscosity of 4.5 ¢St @100C. The
Mni-Rotary Viscosity (MRV) in a 5WB0O fornul ati on was neasured at 35, 000
cP. 13 MAR 2007 WD 2004/ 033596 PCT/ US2003/031740 -22- EXAMPLE 2 [00411 The
raffinate used in this Exanple was the sane as described in Exanple 1
above. The hydrotreating conditions included tenperatures of 360- 380C,
pressures up to 2500 psig and liquid #burly space velocities ("LHSV') of
0.2to 2 hr I, along with utilizing the same KF-840 catal yst of Exanple 1.
The hydr odewaxi ng conditions conditions needed to achieve the target pour
point of -18C are in the range 330 to 340C for a process operating at 1800

Vat 1 nat o HEGTa 4 PBOVLEL o bl ad J1e8e Bissatlis s e by SRR ng o w

of 108. The hydrotreated raffinate was then dewaxed under the conditions
descri bed valatuy aoddewdemperathresproposieshaving a VI of 115. The results of
this Exanple are contained in Table 1, bel ow.

[0036]  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 invention.

. 10037}  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 o1l VI of 115. The raffinate was hydrotreated at
370°C, hydrogen 'pressure of 1800 psi, and liquid hourly space velocities
("LHSV") of 0.35 hr''. The raffinate was hydrotreated with a commercial
catalyst obtained from Akzo Nobel and marketed under the name KF-840. The

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



EXAMPLE 3 100431 As nentioned above, Exanple 3 also used a two step process
invoIYing hydrotrgaf:ng gngerhcgndgtions simlar to thﬁse out h § meR! 2807 4
Exanpl e 1 _ abhove owe y hydr odewaxi ng. However, t J sed in
this Exaﬂ%*émﬁggbgh underextracted raffinate having a agiﬁg%ﬁggﬁflgf 15wt . %
and 13 MAR 7007 WO 2004/ 033596 PCT/US20113/031740 -23- a VI of 83 (dewaxed
oil basis). The hydrodewaxi ng conditions were simlar to those described
above in Exanple 2. 100441 In this Exanple, 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 Exanple are
contained in Table 1; below. TABLE | Exanple 1 Exanple 2 Exanple 3
Hydrotreati ng Hydrotreating + Hydrotreating + only H drodewaxin H
drodewaxin 90 90 83 Raffinate, Feed VI Hydrotreating 115 108 108

EXAMPLES 2 AND 3

[0039] It should be noted that the Examples that follow, namely Examples 2
and 3, are based on information derived from models and estimates from
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 are 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.



(DWD VI Target) Basestock Properties VI (Viscosity Index 115 115 115

Vi scosity, 100C cSt 4.5 4.7 4.5 Noack Volatility, % 14.5 16 1415MAR 2007

For mul at e QJohye3sH00 20, 000 20, 000 MRV eP Yield Base +pcrrudihodiyRr@007 WO
20114/ 1133596 PCT/ US2003/031740 -24- 10045] The yield of Exanple 1 was used
as a standard yield for conparison of the yields of Exanples 2 and 3.
100461 The data contained in Table | also illustrates that the process of
Exanple 2 using a raffinate that is not underextracted produces a basestock
havi ng excel | ent Noack volatility at the given viscosity and excellent |ow
tenperature properties as defined by Fornulated G| Mni Rotary Viscosity
(MRV) of 20,000cP. Table 1 also illust2ates that the | ow tenperature
properties of the formulated oil of Exanple 2 are substantially inproved
versus Example 1, however the viscosity/ volatility relationship is poorer.
Exanple 2 also denonstrated an increased yield over that obtained by

hydr ot reattﬂMEyz
[06041]  The raffinate used in this Example was the same as described in
Example 1 above. The hydrotreating conditions included temperatures of 360-
380°C, pressures up to 2500 psig and liquid hourly space velocities ("LHSV")
of 0.2 to 2 hr'', 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 resuits of this Example are contained in Table 1, below.

EXAMPLE 3

10043)  As mentioned above, Example 3 also used a two step process
involving hydrotreating under conditions similar to those outlined in Example 1
above followed by hydrodewaxing. However, the rafﬁﬂate used in this

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



(Exanple 1). 100471 The data contained in Table | also illustrates that the
process of Exanple 3 using an under-extracted raffinate produd@¥Ag 7007

basest ock fayiongoszswscel | ent Noack volatility at viscosity (%n[?s nt | ow
tenperature properties as defined by Fornulated Ol M niP 6 azﬁﬁ?ﬁ |J§'§osity

(MRV) of 20,000cP. Thus, Table 1 shows that the product of Exanple 3 has
both excellent I ow tenperature properties and an excell ent
viscosity/volatility relationship. This also results in an increased yield
over that obtained by hydrotreating and 13 MAR 2007 WD 2004/ 033596

PCT/ US2003/ 031740 -25- hydrodewaxi ng the standard raffinate illustrated in
Exanpl e 2. Exanple 3 shows the benefityf utilizing an under-extracted
raffinate in a conbi ned hydrotreating-hydrodewaxi ng process. 10048] Thus,

t hese Exanpl es denonstrate that by using an underextracted raffinate, a
refiner can produce superior yields of basestocks having excellent Noack

vol atility and W fenperature, properties than by using a raffinate that is
ot - under SRtAaet Bl deraedRi i), Th odRddyaxing Aorgfflaeeg Were SiidgidP e
| ubricating oil basestocks having a VI of at |east about 110

those described above in Example 2.

[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 1: below.

TABLE 1
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 cSt 4.5 4.7 4.5
Noack Volatility, % 14.5 16 14.5
Formulated Oil 35,000 20,000 20,000
MRY, cP
Yield Base + ++




to about 130 froma lube oil boiling range feedstock conprising: a)
conducting a lubricating oil feedstock to a solvent extraction gmg ﬁ[ﬁd
underextr%pizﬁ‘g_‘(}sgu% | ubricating oil feedstock under condi ti ons éffedillve at
produci ng a BASP8n aromatics-1ean raffinate sol ution; ROT/VRABHISHTO at

| east a portion of the extraction solvent fromthe aromatics- |ean raffinate
solution to produce a raffinate feedstock having a dewaxed oil viscosity

i ndex 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

| east a gaseous product and a hydrotregated feedstock, wherein said
hydrotreating catalyst has an acidity value of |ess than about 0.5, as
determ ned by the scale of acidity for catal ysts descri bed by Kramer and
McVicker, J. Catalysis, 92, 355 (1985); d) stripping the hydrotreated
feedstock to separate at | east a portion of the gaseous product fromthe
hydr ot r eat 945k edsFeckieldopEsatupke hwas usepesia sfapdat yield for)comparisoni ng t he
stripped feedstock with a ZSM 48 dewaxi ng catalyst in a dewaxing zone

operated u i i i ng conditions, wherein said dewaxing
Bfifle. ﬁéldgbff Blgﬁngirlé’sr 2dRuaX

catal yst contai m xtures thereof, thereby producing a
| ubricating oil basestock; and f) contacting the lubricating oil basestock
fromstep e) with a nesoporous

10046]  The data contained in Table | 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 substantiaily improved 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 (MRV) of 20,000cP.
Thus, Table 1 shows that the product of Example 3 has both excellent low
temperature properties and an excellent viscosity/volatility relatonship. This

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



hydrofinishing catalyst fromthe Md1 S famly in a hydrofinishing zone
operated under effective hydrofinishing conditions to produce a

hydr of i ni shed |ubricating oil basestock. 2. The process of clali 1 YAR\GT ei n
t he hydr otW@aPMHAY3¥Aat al yst contains at |east one netal &erdiseendosriom G oup
VI metals, Goup VIIl netals, and m xtures thereof. 13 MAR 2007 -27 3. The
process of claim1 wherein the dewaxing catalyst is sulfided, reduced, or
sul fided and reduced. 4. The process of claim1 wherein the hydrofinishing
catal yst contains at |east one netal selected from Goup VI netals, Goup
VIIl metals, and m xtures thereof. 5. The process according to claim1
wherein said effective dewaxing conditjons include tenperatures of from
250- 400C, pressures of from 791 to 207 kPa (100 to 3000 psig), liquid
hourly space velocities of fromO0.1 to 10 hr", and hydrogen treat gas rates
from45 to 1780 nB/nB8 (250 to 10000 scf/B). 6. The process according to
claim5 wherein said effective hydrotreating conditions include

t enper at ur ppdroliewaRingtho stapd4RIG Tivatd Yiluisvaesd meExdrapleld. eEgamplecl from 1480
to 20786 kPa (200 to 3000 psig), a space velocity of from0.1 to 10 liquid

hourly spage vel qcit SV)... and h to feed ratip.aof, from89 to
1780 e norestsReensHt iEing AR el bRtraRER plifinafeCln A AmBIE0 o' 6
wherein said effective hydrotreating conditions are selected such that |ess
than 5 wt . khpdrotreateng-bydeodewiaxing pronessct ed to 650F (3430

{0048]  Thus, these Examples demonstrate that by using an underextracted
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.



m nus products and wherein the VI increase of said hydrotreated feedstock is
| ess than 4 greater than the VI of the lube oil boiling range fE#tsimnek. 8.
The process according to claim1 wherein the hydrofinishing catal yst further
conprises at |east one noble netal. 9. The process according to claim!|l
wherein said hydrotreating catalyst is. a hydrotreating catalyst selected
from bul k and supported hydrotreating catal ysts. 10. The process according
to claim9 wherein said hydrotreating catalyst is a supported hydrotreating
catal yst having a support selected fromlow acidic netal oxide supports. 13
MAR 2007 CLABMS1. The process according to claim 10 wherein said | ow acidic
net al oxi de supports are selected fromsilica, alumna and titania. 12. The
process according to claim1l wherein said |ubricating oil feedstock has a

10% distii || ata ﬁﬂcd@@td}ireﬂ’r@ﬁﬂaﬁbaﬂﬂg@l tabdifockSHBmg a S ofasddt #duby10ASTM D 86
or ASTM 2887 and is derived frommneral sources, synthetic sources, and

m xt ur es @ %@Q%nallsbe ofhboifing rage feadterk FPRRTSIBEC] ai m 12 wherei n sai d
nydr ot reat | ng,pat abysiohh RubIHURRGTHICARTE 811 EHARGaRREGH ¥ aVi ng 2

support sel ected from oxl de supports. 14. The process
accordi ng to cl ai mi@&refmctgths hibdichtng oa]cﬁe@ﬂsmcmnéttr corditdensaffepovetat  are

| ected f I I dti | a. A t
ibri cating of I babadrGake Ra Ahaerbst aitiadiaitly 120" T °

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, wherein said hydrotreating
catalyst has an acidity value of less than about 0.5, as determined by the
scale of acidity for catalysts described by Kramer and McVicker, J.
Catalysis, 92, 355 (1985);

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

€) contacting the stripped feedstock with a ZSM-48 dewaxing catalyst in a
dewaxing zone operated under effective hydrodewaxing conditions,
wherein said dewaxing catalyst contains Pt, Pd or mixtures thereof,
thereby producing a lubricating oil basestock; and

) contacting the lubricating oil basestock from step €) with a mesoporous
hydrofinishing catalyst from the M41S family in a hydrofinishing zone
operated under effective hydrofinishing conditions to produce a

hydrofinished 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.



to about 130 froma lube oil boiling range feedstock conprising: a)
conducting a lubricating oil feedstock to a solvent extraction W
under-extracting the lubricating oil feedstock under conditions effectlive at
produci ng at | east an aromatics-lean raffinate solution; b) renoving at

| east a portion of the extraction soj¥fpt fromthe aromatics- lean raffinate
solution to produce a raffinate feedstock having a dewaxed oil viscosity

i ndex from about 75 to about 105 and a wax content of at |east about 15
wt.% c) contacting the raffinate feedstock with a hydrotreating catal yst
contai ni g aflht easessafelamtlabvhese@h detdedraking mat@lystip silfideds radusgd, @ oup VI | |

net al s, an@. Jdnxqt ures .thereof in a first reaction stage operated under

ef fect | véUERbMG5A%edy produce at |east a gaseous product and a
hydrotreated feedstock, wherein said hydrotreating catalyst has an acidity
value of |less than about 0.5, as determ ned by the scale of acidity for

cat al yst ¢ desdht pegessiyf claima derhesgig thedhydeabaishing cahitsheqpdgias atdeast s (1985)

and wher ej ' ' ' Ngel: ected such that
oss 1 hantge! sRedled Boio i WA Ci) 9 RRBIC R ARRuRE BeRBERC G20
(343C) m nus products, and wherein the VI increase of said hydrotreated

i ss than 4 reater the. VI .of. the | ube oil. boiling range

feedstock is han
feedst ock:  d) 5F Prosprodgeeriben bt | aeuin FbIRl SRS aPaens, | east a
portion GfclédeQemperatures 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).

6. The process according to claim 5 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 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).

7. The process according to claim 6 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 of the lube oil boiling range feedstock.

8. The process according to claim 1 wherein the hydrofinishing catalyst further

comprises at least one noble metal.

9. The process according to claim | wherein said hydrotreating catalyst is a

hydrotreating catalyst selected from bulk and supported hydrotreating catalysts.

10.  The process according to claim 9 wherein said hydrotreating catalyst is a
supported hydrotreating catalyst having a support selected from low acidic metal oxide

supports.



gaseous product fromthe hydrotreated feedstock to produce a stripped

feedstock; e) contacting the stripped feedstock with ZSM 48 d
catalyst in a dewaxing zone operated under effective hydrode

conditions, wherein said dewaxing catalyst contains Pt, Pd or m xt
thereof, thereby producing a lubricajg ng oil basestock; and f) contacting
the lubricating oil basestock with a 41 hydrofini shing catalyst
containing at | east one noble netal in a hydrofinishing zone operated under
ef fective hydrofinishing conditions thereby producing a hydrofinished

| ubri catilhg oilThe prsessrowkding 6 cla‘ineltbwbcreiesaidflowlaaiidin m&algradeiuppertse dewaxi ng

catal yst _is sul fi.ded ced
]Se(q, ed frr%nﬁ%h%gtﬁg’ll?ld Elrg?fect i ve dewaxi ng conditions i

accordi n@re 8

sul fi ded and reduced. 17. The pr

Sﬁﬁﬁ}x{g?um

ures

ocess
ncl ude

tenperatures of from 250-400C, pressures of from791 to 20786 kPa (100 to
3000 psiq%, I|qU|d hour |y space velogltles of fromO,1 to 10 hr

hydr ogen
process ﬁf‘sﬁﬂéﬁiﬂ

condi ti ons |nc

reath @a@ceﬁsaﬁes dipg gnslaiem |

grepcsaiddnbricating oil fepdsiopobrsac ko
dst%r&kékﬂgn%%o%eu b, m&s&fﬁ%mgﬁ%wg’%gﬁd&m ng

eratures fom 150 t 0" 400C

and
18. The

rogen partia

pr essur e 2887, knd s dediged ft'r@m 0T bsoRas,(syAbeticso8@eS) apd img¥tures of pedwovel ocity of
from0.1 to 10 liquid hourly space velocity (LHSV), and a hydrogen to feed
ratio of from89 to 1780 m/m (500 to 10000 scf/B).

13.  The process according to claim 12 wherein said hydrotreating catalyst is a

supported hydrotreating catalyst having a support selected from low acidic metal oxide

supports.

14.  The process according to claim 13 wherein said low acidic metal oxide supports

are selected from silica, alumina and titania.

15. A process to prepare lubricating oil basestocks having a VI of at least about 110

to about 130 from a lube oil boiling range feedstock comprising:

a)

b)

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

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 at
least about 15 wt.%;

contacting the raffinate feedstock with a hydrotreating catalyst containing
at least one metal selected from Group VI metals, Group VIII metals, and
mixtures thereof in a first reaction stage operated under effective
conditions to produce at least a gaseous product and a hydrotreated
feedstock, wherein said hydrotreating catalyst has an acidity value of less
than about 0.5, as determined by the scale of acidity for catalysts described
by Kramer and McVicker, J. Catalysis, 92, 355 (1985) and wherein said

effective hydrotreating conditions are selected such that less than 5 wt.%
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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 of the lube oil boiling range 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;

€} contacting the stripped feedstock with ZSM-48 dewaxing catalyst in a
dewaxing zone operated under effective hydrodewaxing conditions,
wherein said dewaxing catalyst contains Pt, Pd or mixtures thereof,
thereby producing a lubricating oil basestock; and

f) contacting the lubricating oil basestock with a MCM-41 hydrofinishing
catalyst containing at least one noble metal in a hydrofinishing zone
operated under effective hydrofinishing conditions thereby producing a

hydrofinished lubricating oil basestock.

16.  The process of claim 15 wherein the dewaxing catalyst is sulfided, reduced, or

sulfided and reduced.

17.  The process according to claim 15 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).

18.  The process according to claim 17 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 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).



