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W TH | MPROVED LOW TEMPERATURE PROPERTI ES FI ELD OF THE | NVENTI ON [ 0001] This
i nvention (iate _ug a process for preparing |lube oil basestocks from | ube
oi | boilinéF bds. More particularly, the present i hvEHBIBH417
directed tomard a process wherein a wax-containing feed is sol vent dewaxed
to produce at |least a partially dewaxed | ube oil boiling range stream

whi ch is hydrodewaxed to produce a first |ube basestock. The first |ube
basestock is added to an independently sel ected second | ube basestock and
additives to nake a lubricating oil. BACKGROUND OF THE | NVENTI ON [ 0002] It
has | ong been recogni zed that one of the hbst val uabl e products generated
through the refining of crude mneral oils is lubricating oils. It is
conmon practice to recover Iubrlcatlno oi | basestocks by sol vent extracting,
with a selective sol eMETHQBS A ARING QI f ur conpounds,
oxygenat ed corrpounWéITHaﬂiMlHR@l’i&DdsOW 'BEMEE RE PROPERTHES 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 i XIBESOGENEHENEN XENHH difficult to neet the denmand for

| ubricating oil basestocks, or base oils. [0003] O her conventional

t echni ques for preparing basest ocks include hydroconversion and sol vent
extraction. gxamhsemvbht%n Redto d\ﬁocés ?&ﬁaréﬂa@m Hiolyil BAsestbels ﬁ’d?ﬁChes a
process wherein | ube o1l boiling range feed is sol vent extracted

stri pped, anthbeasisedlingranggHetdso My mctoonahs therpresene mvpnticor is tliredd@
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toward a process wherein a wax-containing feed is solvent dewaxed to produce at

{
least a partially dewaxed lube oil boiling range stream, which is hydrodewaxed to

produce a first lube basestock. The first lube basestock is added to an
independently selected second lube basestock and additives to make a lubricating

oil.

BACKGROUND OF THE INVENTION

[0002] It has long been recognized that one of the most valuable products
generated through the refining of crude mineral oils is lubricating oils. Itis
common practice to recover lubricating oil basestocks by solvent extracting, with a
selective solvent, wndesirable 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.

[0003] Other conventional techniques for preparing basestocks include
hydroconversion and solvent extraction. For example, U.S. Patent No. 5,935,416,
Cody et al., teaches a process wherein a lube oil boiling range feed 1s solvent

extracted, stripped, and passed through two hydroconversion zones prior to



-2 hydrofinishing and then dewaxi ng, thus producing a lubricating oil
basestock. O her processes such as U. S. Patent No. 5,171,422, Kirker et

ol ond UoBghessy 10, 6,217 747 81 chang o ol Cogth qoprsergs

whereby a high quality lubricating oil basestock is pro

a high boiling range hydrocarbon streamto hydrocracking conditions. The
5,171,422 patent utilizes a high silica content zeolite catalyst of the
faujasite type to produce a hydrocrackate product, and the 6,217,747 patent
utilizes a hydrocracking catal yst conprising a
hydrogenat i on/ dehydr ogenati on conponent and an acidic solid conponent

nodi fied with an oxyanion to produce a hydrocrackate product. The

hydr ocrackat e product is then processed to produce a |ubricating oi

basest ock. of .t he ny drawbacksg of lubricatjng oil yefining utilizing |
hydroconvers%’ﬁmij‘%ﬁ@égﬁ agLs “\?@Fﬂd%é% PF‘%‘“BSOI{]P%?PS@G h processes

typically re%ﬂlﬁf%lﬁ&éégs{s%ucl REG AL pREGRGeO f?&?ﬁ%gm% &S hbgfpsepsne and

t enperature or vent:oll" ratios an raction tenperatures to
produce hi gh NaseBi7gwl Blyahiig esil., tehell 4 pricesshylebrelsonhighsnality ipeicagsgcki ng
or solvent extraction typically involve expensive operating conditions and
| ow yi el ds. PdldBaestwlins Beduces\byrsubiseiima highhetlinprengs yfiroegripn shiaakitag or
sol vent extraction, can be. .used,i byicating.oil refining, S
ubr i cating. SvRa Bk ERaREoR SHe Holaaaent Bisar Sk SR S0BB or i cat i ng
oil's which wibbifeQERiyt drthé thufleifitypt f blBul Y BRroliSBRAL Blodilr, Oha'fe.
Dewaxi ng i s the process of separating or converting hydrocarbons which
sol i di fy readilly,747.patent walives } hydropmtkiop eatalybt aotpromsgg a The catal ytic
dewaxi ng of vvaa and waxy. feeds boiling in the |ubri c%ti ng oil range and

|

catal ysts usépdrogepationdshyfragaeduscompongat ndanagdic polideompenentaner al | y

and & componmurieLiih A gPFhTntd pio AR B P e BB, SR, e ocal 0. My
hydrocrackate product is then processed to produce a lubricating oil basestock.
One of the many drawbacks of lubricating oil refining utilizing hydroconversion,
hydrocracking or solvent extraction is that such processes typically require severe
operating conditions such as high pressure and temperature or high solvent:oil
ratios and high extraction temperatures to produce high basestock qualities.

Further, hydroconversion, hydrocracking or solvent extraction typically involve

expensive operating conditions and low yields.

[0004]  Further, even though hydroconversion, hydrocracking or solvent
extraction can be used in lubricating oil refining, most lubricating oil feeds must
also be dewaxed 1n order to produce lubricating oils which will remain fluid down
to the lowest temperature of use. Dewaxing is the process of separating or
converting hydrocarbons which solidify readily (i.e., waxes) in petroleum fractions.
The catalytic dewaxing of wax and waxy feeds boiling in the lubricating oil range
and catalysts useful in such processes are well known in the art. Generally these
processes utilize catalysts comprising a molecular sieve component and a
component selected from the Group VIII and/or Group VIB metals. Many

examples of hydrodewaxing processes and catalysts commonly used are known in



exanpl es of hydrodewaxi ng processes and catal ysts comonly used are known in
1 WO 2006/ 055500 PCTI US2005/ 041207 -3 the all such as, for exanple, the
processes and catalysts disclosed in U S. Patent No. 4,563,266, Hopkins et
al ., and U. ¥OPYHFETYN0. 5,075,269, Degnan, et al. 10005PCT{USHSHING been
proposed to sol vent dewax a lube oil boiling range feed followed by

catal ytically dewaxi ng the sol vent dewaxed | ube oil stream Exanples of

t hese processes can be found in U S. Patent No. 3,755,138, Chen et al., US.
Pat ent No. 4,622,130, Stephen C. Stem and European Publication Nunber
0271265. However, processes such as those, disclosed therein, and in simlar
processes, suffer from |l ow yields, sonet i'tes on the order of 50% based on
the Ilube oil feed. These processes also typically suffer fromthe catalytic

dewaxi ng step altering key basestock properties such as viscosity and
vi scosi ty i ndéhe artimobes, foneiampla sksproedssepandi calalysss disglosad mgl). S Bateher

i nprovenents | 8 rties, s | ow, t ure quality, as well
as conbi nat i oh@" @Tysg%%@ﬁ‘ﬁ? ,e% a&?&ﬁc‘iﬁ%@ﬁ%W% é’i‘mﬁt@}{fl uidity at
| ow product volatility, continue to challenge the industry. Benefits in | ow
tenperature performance would be beneficial for a w de range of fornmul ated

| ubri cants an{@0dspl ditthes pio beauprapbaed tasblentt aigeax a lilsy oipbsdmagengay/rbicl e
crankcase oils, automatic transm ssion fluids aut onoti ve gear oils,

hydraulic fl ufdllpwedhy catshrsally dewaang tesolventticsesed frhesoil strermo 7Examples
tenperature ¢ i for ba ks, .a e qil Vg ohj~storj cal been
controll ed us?ﬁ&e%IP?eS e?&%ﬁ?’%g&@dg?I?%‘%%f%%ouéhﬁ;sggog 6%8} %‘I’ LHLTéasured on
t he basest ockpabaso. & 422,130 SlepheriC adted, Aid F&OPRASPIlIRAtioffioNRYIR:, snal |
amounts of residual wax may not inpact this bulk property neasurenment and,
thus, small 62i36s.sHotveres prigedsesvch mathoge disnldeckierun tandavgimilsi s si npl e
analysis. Thi gmcesses, suffer from low yields, sometimes on the order of 50%, based on the
lube oil feed. These processes also typically suffer from the catalytic dewaxing

step altering key basestock properties such as viscosity and viscosity index.

[0006] While basestock quality is improving, farther improvements in many
properties, such as low temperature quality, as well as combinations of properties,
such as superior low temperature fluidity at low product volatility, continue to
challenge the industry. Benefits in low temperatare performance would be
beneficial for a wide range of formulated lubricants and would be particularly
advantageous for passenger vehicle crankcase oils, automatic transmission fluids,

automotive gear oils, hydraulic fluids, and commercial vehicle crankcase oils.

[0007] Low temperature quality for basestocks and base oils have historically
been controlled using bulk property measurements such as pour point measured on
the basestock, base oils, or formulated o1l composition. However, small amounts of
residual wax may not impact this bulk property measurement and, thus, small
amounts of residual wax may go undetected through this simple analysis. This
small amount of residual wax, however, does impact performance and can lead to

issues such as crankcase oil gelling and loss of fluidity. Operating an engine in this



smal | amount of residual wax, however, does inpact performance and can | ead
to issues such as crankcase oil gelling and loss of fluidity. Operating an
engine in Wﬂﬁmé’ﬁ« 00/ 055500 PCT/ US20051041207 -4 scenario can |lead to and
has led to engine danage. Hence, the Mni-Rotary Vi sconetdrVPMRH13%st was
established to protect engines under cold weather conditions. The MRV test
tenperature is set by the Society of Autonotive Engineers (SAE) J-300
Viscosity Classification systemfor each nultigrade engine oil grade.

[ 00081 To inprove the |ow tenperature performance as neasured by the MRV or
other tests sensitive to very small anmounts of residual wax, refineries
utilizing solvent dewaxing can dewax to | ower pour points. Wile this can
be effective, inprovenents are still needed. Catal ytic dewaxing, a

relatively newer ,procg}ggi ng . approach, .is often nore effective than sol vent
dewaxi ng, espECRHP LI te prd hasylpdl toypreing,danegs. denceatheMpeRotarponever, nany

ot “have 1 he s IEPRER kieoditied B rbletPerf et TRl R NERRe DL, 7 10

requires hi ghosiiipds. tIRMRN ﬂékﬂt@rﬂ@ﬁﬁhﬁﬁ@é‘sd@bg\ﬁéjs@cié@ dfigthombfigssur e and
pre-treatnent of feed to renbve S and N. 100091 Thus, as the demand for

qual i ty Tube Epginepra$84EdER00 dhsdasite Classification apem foheachaantiyafloengiesw and

di fferent progessgs, catalysts, and catal yst systens that exhibit inproved
activity, in€t e%%‘gd yields, selectivity and/or longevity is a continuous,
ongoi ng exerci se. Therefore, there is a need in the tube oil market to
provi de processes that can produce |ube oil basestocks in ever-increasing
yields that [6088] t Te isprovedhé iw tengpeestacdpdr ft@hascomanyasuregddiycihe MR Y Ssi ons,
etc. BRI EF DESCRI PTI ON OF, THE FI GURE 100101 The Fi (lgure denonstrates the
370C+ Gas mp@ﬁ@p@@ptﬁﬁwsm»@ttp [Vert $ma#l amounts of residual wax, refineries utilizing

solvent dewaxing can dewax to lower pour points. While this can be effective,
improvements are still needed. Catalytic dewaxing, a relatively newer processing
approach, is often more effective than solvent dewaxing, especially for the light and
medium neutral stocks. However, many existing refineries in operation today
utilize solvent dewaxing only and do not have the equipment available for catalytic
dewaxing which often requires high quantities of pure hydrogen provided at high

pressure and pre-treatment of feed to remove S and N.

[0009]  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 yields, 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 o1l basestocks in ever-increasing yields

that meet the demand for increased fuel economy, reduced emissions, etc.

BRIEF DESCRIPTION OF THE FIGURE

{0010] The Figure demonstrates the 370°C+ Gas Chromatograph Distillation

("GCD") Conversion as a Function of Reaction Temperature.



("GCD'") Conversion as a Function of Reaction Tenperature. W 2006/ 055; 00
PCT/ US2005/ 041207 -5- SUMMARY OF THE | NVENTI ON 10011) In an enbodi nent, the
i nvention r@bg,},gﬁ £g,a met hod for making a finished lubricating oil

In

conprising 2 P52 first basestock at |east a second TWALSHSOMBHG at

| east one additive, the second base stock being independently selected from
the first basestock, wherein the first base stock is nade by: a) solvent
dewaxi ng a lube oil boiling range feed in a solvent dewaxi ng stage operated
under effective sol vent dewaxi ng conditions thereby producing at |east a
partially dewaxed feed; and b) contactingsghe partially dewaxed feed with a
catalytically effective anount of a hydroddewaxing catalyst in the presence
of. a hydrogen- containing treat gas in a reaction stage operated under

effective hydrodewaxing conditions thereby producing a reaction product
conpri si ng tww n an anot her enbodi ment, the
invention relates to a nethod for making a finished lubricating oil,
conprising adding to a first basestock at |east a second basestock and at

| east one addipbiyve, mhe dfssmcebR R Blattondelang tbadﬁnmﬁmﬁamm%sael ected from
the first basestock, wherein the first base stock is nmade by: a) separating

a wax from t hiznisheddubreating ledn conposing addingdo tHstdesesiasl at kaast aveconda
catalytically effective anount of..a dr odeywaxi n talyst in,the presence
o 2 hydr ogerPeEcaick PG eogt i v, Aeserat oo nttek Rolelileesidistinger
effective hy%l%?t%\ﬂﬁl‘i‘drﬂﬂm ﬁa@f‘ﬁés%bt%ﬁ, WhGERRNe BEQBUS dtkas hieblyon product

conprising the first basestock.
a) solvent dewaxing a lube o1l boiling range feed in a solvent dewaxing

stage operated under effective solvent dewaxing conditions thereby
producing at least a partially dewaxed feed; and

b) contacting the partially dewaxed feed with a catalytically effective
amount of a hydrodewaxing catalyst in the presence of a hydrogen-
coﬁtaining treat gas in a reaction stage operated under effective
hydrodewaxing conditions thereby producing a reaction product

comprising the first basestock.

[0012] In an another embodiment, the invention relates to 2 method for making a
finished lubricating oil, comprising adding to a first basestock at least a second
basestock and at least one additive, the second base stock being independently
selected from the first basestock, wherein the first base stock is made by:
a) separating a wax from the feed; and then
b) contacting the dewaxed feed with a catalytically effective amount of a
hydrodewaxing catalyst in the presence of a hydrogen-containing
treat gas in a reaction stage operated under effective hydrodewaxing
conditions thereby producing a reaction product comprising the first

basestock.



WO 20061055500 PMJUS200510412117 -6 [0013] In yet an another enbodinent, t he
invention relates to a nethod for making a finished |ubricating oi
conprising adgpnmeioas@efirst basestock at |east a second RagAsh ﬁ at

| east one additive, the second base stock being independently se ected from
the first basestock, wherein the first base stock is made by contacting the
feed with a catalytically effective anount of a hydrodewaxing catalyst in
the presence of a ]hydrogen-containing treat gas in a reaction stage
operated under effective hydrodewaxi ng conditions thereby producing a
reaction product conprising the first basgstock, wherein the first
basestock has at |least one of (i) a dimnished VI, (ii) dimnished ASTM
color, (iii) increased kinenatic viscosity, (iv) increased pour point, and

(v) increased X is
separated duri ﬁb@f_ﬂ tgﬁ)go%% eﬁg‘“ﬁ’g {éﬁbéﬁseggl? ggﬁdﬁdrerxg%ﬁ]a nluj’;][B Ehother
enbodi ment , then:uuﬁ amﬂlshg@ldwﬁﬂlﬂgaj?geoﬁ]ﬁﬁﬂn% addlﬁguﬁ@ﬁvmhsesﬂﬁm@xle@ﬁtd s a
raf fi nate obt ai ned from sol vent extraction n a related enbodi nent, the

raffinate is a Shmdd?ﬁseﬁ@é\s@daﬁ@ﬂﬁlonatiédlﬂm(m@ecmd Yase stovbitieas embodi nent ,

t he | ube oil b0| e fe is.a oIhe
oot et 1 nabderEe R B ot SRR O G B P bt B0 ey of
t he second bas t 1OOC
[0017] In anot her&gl%gg ?%&%&?ﬁﬁf;h%a%bﬁggﬁ %%ecgl% Q&gs an @?‘?ﬁﬁ‘g&?ﬁ fro
about 1, 000 cP catalyshauthe Poeseid® of B hyprogbecatnhinidy toemt gbotita altdth stipet 0 about

50,000 cP, and nore preferably fromabout 10,000 cP to about 40,000 cP. In
a related enb®BFTAs undep ffective hydipdewaring eandirops itherelysprogueing aseastions, 000

cP, preferably pll(?cﬁl%t XPm%HSQ& 81%%]?3‘&3%&?3? g{\[,/ W%QIQI%Q fi%'s% Pésestock has at least one
of (i) a diminished VI, (ii) diminished ASTM color, (ii1) increased kinematic

viscosity, (iv) increased pour point, and (v) increased cloud point compared to the

feed, and wherein no wax is separated during the making of the first basestock.

[0014] In another embodiment, the lube oil boiling range feed to the solvent
dewaxing is a raffinate obtained from solvent extraction. In a related embodiment,

the raffinate is a hydroprocessed raffinate.

[0015]  In yet another embodiment, the lube o1l boiling range feed is a

hydrocrackate.

[0016] In another embodiment, the first basestock has a kinematic viscosity less
than that of the second basestock, the kinematic viscosity being measured at about

100°C.

[0017] In another embodiment, the lubricating oil has an MRV ranging from
about 1,000 cP to about 75,000 cP, preferably from about 5,000 cP to about 50,000
cP, and more preferably from about 10,000 cP to about 40,000 cP. Iu a related
embodiment, the lubricating oil's MRV is less than about 75,000 cP, preferably less
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-7 than about 50,000 cP, and nore preferably | ess than about 40,000 cP. The
| ubricating oil preferably has a pour point ranging fromabout PC to about
-33C, preferably fromabout OC to about -30C, and nore preferably from
about -15C wo@bostsos 25C. | n an enbodi nent, the pour poi BeTafs20d3@141207
| ubricating oil is less than about O0C. 10018] Another enbodi ment conpri ses
the lubricating oil nade by the nethods described herein. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 00141 The present invention relates to a
process for making finished lubricating oils from basestocks in the |ube
oil boiling range. In a first step, a. Tube oil boiling range feed is
sol vent dewaxed under conditions effectiw@ at producing at |east a
partially dewaxed feed. At |east a portion of the partially dewaxed feed is
then contacted with a catalytically effective anmobunt of a hydrodemaxing
catal yst in t g MESSNGR &, aﬁdm&é?e%?amgresérﬁgnrhg,oﬁrw%)orgéﬁ e reaction
stage operated under effective hydfodewaxi ng conditioRs in or er to produce
a‘reaction prdnhmﬂtmg:oﬂprafsnahb' Iens hipost pdisisesgiog KronTteut i G to blaarsIck i s
added to or combjn second basestock and one qor nore additives in
order to makePrgfera gﬁyrﬁ%éhoutl%grtp aBeutnd)°6s pud morgprefopaldy; frpne s -G hat a

tirst basest ot *hut s I Y8 EpbBimce IR Bofiy BF ERTb BB o

fol |l onwed by aabmﬂquemaxrng step, instead of solvent dewaxi ng al one, or by
hydr odewaxi ng fol | owned by sol vent dewaxing. In other words, it has been
di scovered that a first basest ock nade by one of the aIternative processes

&1 one) whi ch FATEhan AptiEtepEoRHARL PR e (e dh RbRtnE D R ke ke a v

2006/ 055MLO Pg;rgcggglpgé%_lmzo?

DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention relates to a process for making finished lubricating
oils from basestocks in the lube oil boiling range. In a first step, a inbe o1l boiling
range feed is solvent dewaxed under conditions effective at producing at least a
partially dewaxed feed. At least a portion of the partially dewaxed feed is then
contacted with a catalytically effective amount of a hydrodewaxing catalyst in the
presence of a hydrogen-containing ireat gas in a reaction stage operated under
effective hydrodewaxing conditions in order to produce a reaction product
comprising a first basestock. The first basestock is added to or combined with a
second basestock and one or more addittves in order to miake the finished
Iubricating oil. It has been discovered that a lubricating ol with improved low
temperature properties results when the first basestock is made by a process
comprising a solvent dewaxing step followed by a hydrodewaxing step, instead of
solvent dewaxing alone, or by hydrodewaxing followed by soivent dewaxing. In
other words, it has been discovered that a first basestock made by one of the
alternative processes (1.e., hydrodewaxing followed by solvent dewaxing or solvent

dewaxing alone) which is then added to additives and a second basestock to make a



-8 finished lubricating oil, will result in a finished |ubricating oil with
| ow tenperature properties such as MRV that are not as desirable as those

of a finishesdokhisgating oil nade in accordance with tthJ[@%ﬁ@%*ﬁ?ﬂ Thi s

is the case even when the alternative processes are regu %t the
conventional | y-neasured physical properties of the first basestock (e.g.,
pour point, viscosity index, kinematic viscosity, color, etc.) are the sane
as in a first basestock made in accordance with the invention. [00201 Wil e
the first basestock can be made by hydroprocessing only, such processes may
not be suitable when a wax product is degired since the wax product is nade
as a consequence of solvent dewaxi ng. But where wax production is not
desired, an enbodi nent of the invention relates to nmaking the first

Cavent ok 2 sishBl RESTRRting ) Wil etk a TS ho L AriRHing o BHG B e
hydr od i q X . . f
(Yr denax nSrBicAGR SRR s B SORUBL Y AdLEL DRl WERGIRTS Of
viscosity, (iol)miadednaesedanoewithphe pivendiod. (Wis is illcéRasech whewthepoi nt

conpared to the feed to the hydrodewaxing step or stage, preferably at

| east two of alterpative paegssesare rapnlpterbsethat Brecoanentionally eneasured phpsiedl (i)

through (v). [00211 i tabl.e | ub il boiling range f.eeds for processes for
ki gt he  PROPRIES s Bk EaRIoH Bt e RO VAR Gmitriot F cods t hat
boi | in the LuBpkALIBg etcd) dre fiRGfe bR SSAUDRQbLK RAGE D SbcbARYE: fRgUS
typically having 1!2'?1008/1?&02){ il?l at i or?a poi ntl g%gt grkt ajf:] Iabtgzut 650{?', ?343C) ,
measured by AShikvén6. or ASTM 2587, and are derived from m neral sources,

synthetic sources, or a mxture of the two. Non-limting exanples of
suitable lubricating oil feeds include those derived from sources such as

oil's derivedfpin S Ui the fifdh bRleIRoR 08 B2 H8aie YUY dISproBlsind Aty such

processes may not be suitable when a wax product is desired since the wax product
is made as a consequence of solvent dewaxing. But where wax production is not
desired, an embodiment of the invention relates to making the first basestock by a
process that uses hydrodewaxing but does not use solvent dewaxing, preferably a
mild hydrodewaxing, and more preferably a mild hydrodewaxing process where the
hydrodewaxed product has at least one of (i) a diminished VI, (it) diminished
ASTM color, (iii) increased kinematic viscosity, (iv) increased pour point, and (v)
mcreased cloud point compared to the feed to the hydrodewaxing step or stage,
preferably at least two of (i) through (v), and more preferably at least three of (i)
through {v).

[0021]  Suitable lube 0il boiling range feeds for processes for making the first
and/or second basestock include wax-containing feeds that boil in the lubricating
oil range. These lube oil boiling range feeds typically having a 10% distillation
point greater than about 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 feeds include those derived from

sources such as oils derived from solvent refining processes such as raffinates,



WO 20061055500 PCTMS20051041207 -9- partially sol vent dewaxed oils,
deasphalted oils, distillates, vacuumgas oils, coker gas oils, slack
waxes, foots ogils and the |ike, dewaxed oils, automatic transmssion fluid
feeds, and YEP2MMEP™ opsch waxes. [00221 Suitabl e |ube oi PCBOISPINEHRENge
feeds may al so have high contents of nitrogen and sul fur contam nants.
Feeds containing up to about 0.2 w.%of nitrogen, based on feed and up to
about 3.0 wt.% of sulfur can be processed in the present process. Feeds
havi ng a hi gh wax content typically have high viscosity indexes of up to
200 or nore. Sulfur and nitrogen contents _nay be neasured by standard ASTM
nmet hods; for exanple, D5453 and D4629, réspectively. [0023] In one

enbodi mrent the first and second basestocks are hydroprocessed prior to
dewaxi ng. For exanple, a_lube oil boiling range feed is first contacted in a
first reacti gartiallygelvent deventeddilspdessphalicd wilsadiatiVates, veenunh gageibsenkee of a

hydr ogen- cont ai pi n r eat s, under, effective hydroprocessing conditions
t her eby prodd® AYS S |%‘§§=gf§°ﬁsi°§6iaad% 166ptd83’é‘§%%ﬂ‘551’ aBlomgiip t‘ﬁ%ﬁ@l‘éﬁ?’.‘ The
hydr opr ocessqﬁ,i‘hgiiggs b Fihedtdpsts W) conducted to the sol vent dewaxing
zone. In an enbodi nent of‘ the 1'nstant 1 nvention, separation stages are

enpl oyed to separate gaseous and liquid reaction products, dewaxing sol vent
fromthe dewaxed product, etc. 100241 The second basestock is generally

different frdf9%Ad iSvefableddemed poilimgrangesgeds way alse have bighiwaneatsed k.

Al t hough the @Elﬁ?to n_he e - the first base
stock, it neg?f?ogrﬁ%ﬁqgg. nrcé)r?flt(aeg 35‘?'%9%%0%&3%@%3 o\égé%tgf%&t(/?gf made by
conventi onal nRasRa! BEkd Bﬁﬁgd%ﬁqrgt@mbﬁﬁm.am,of%uﬁﬁt@hﬁbetm@@e@se@%% bed in
U.S. Patents Nos. 5,935,417 and 6,099, 719, which are incorporated by

ref érence herpedsant prhuss Etdds hedingra high veaxtconfent (ipméatythiavg highl visoosityuf act uri ng
are aware of 08 Pup 2200 o Taora? Suffr Sd RRichen 2ontents may ke Weasured by

standard ASTM methods; for example, D5453 and D4629, respectively.

[0023]  In one embodiment the first and second basestocks are hydroprocessed
prior to dewaxing. For example, a lube oil boiling range feed is first contacted in a
first reaction stage with a hydroprocessing catalyst, in the presence of a hydrogen-
containing treat gas, under effective hydroprocessing conditions thereby producing
at least a liquid hydroprocessed lube oil product. The hydroprocessed lube 0il
product is then conducted to the solvent dewaxing zone. In an embodiment of the
instant invention, separation stages are employed to separate gaseous and liquid

reaction products, dewaxing solvent from the dewaxed product, etc.

[0024]  The second basestock is generally different from and independently
selected from the first basestock. Although the second basestock can be made the
same way as the first base stock, it need not be. In an embodiment the second
basestock is made by conventional basestock manufacturing processes, such as
those described i U.S. Patents Nos. 5,935,417 and 6,099,719, which are
incorporated by reference herein. Those skilled in the art of lubricating oil

manufacturing are aware of methods for blending two or more basestocks and



wo 2006/ 055500 PMJUS2005/ 041207 -10 additives in order to nmake a finished
| ubricating oil having targeted properties, such as a targeted viscosity,

viscosity iWslesheoRRys Point, etc. Accordingly, if the p@gf}g{séj"gﬁ)ﬁ@ﬂ anount

of first basestock were known, it is conventional to cal nmount s
and properties of the second basestock and additives that will be needed to
forma finished lubricating oil having the targeted properties. The second
basest ock can be one or nore conventional basestocks such as EHC 35TH, EHC
45TH, EHC 50TM EHC 60TH, EHC 80TH, and/or EHC 110TH basestock, all

avail abl e from ExxonMobil. Generally a nmgjor anount of the first basestock
is conbined with a m nor anbunt of the second basestock. In an enmbodi nent,
about 80 wt.%of the first basestock is added to about 20 wt. % of the .
second basestqck, the wt. %.bei b d.on the.conbined i ght .of the first
and second b&@@%&"% ggprde%@d}uqkqpe@gg}egﬁﬁlg&@ang 85thﬁ?§m§é%r§§*l"€e EIRESHEIR |y to

i nprove a physi . . | . i i i . Such .
addi tives i n)él Sgg{ge%fdgﬁsﬁ:ﬁ% ég%F Ogﬁﬁg@% pélgﬁksbﬁlzt?%tgh% g?‘?‘léﬁer%éé%ggﬁ{és, wear

i nhibitors, papeptieandtanovntst fiishibkisbitbek wered@munsitfid eorsentiengl (ef@cdtessur e
agents, friction nodifiers, nultifunction additives, viscosity index
i mprovers, pdift aipoprs apdpiopegigh ekthe seepnd dapgstackiapd eddisivesibovwil! meneral 1y, a

be oil boilj f eed _make, t he fi b K . |
ety act e | n neoded G SRR SRk R S o e e B BRRESS, A1 sP o™
dewaxi ng con@hids@ek dah Bk 8RY oPRBRInREntiinal BASSodksRAE ALEHY Hewaggd feed. The

sol vent dewaxing process typically involves mxing the Tube oil boiling
range feed Wt BEHASHEL FIGC o0, GHC 0™4tandop BHG €1 PMdmsestak, skkpar at i ng

precipitated wax.an recovering the solvent for recgycling. The tube oil
boi li ng rangé&# E’gmn%?"é’é‘%bﬂqh ée@ﬁ{ ly ednyer %‘@ﬂ‘fmtogmeoﬁrﬁ?%eﬁp‘l’k ¥ol vent

o] ST il DORE LIS BSBBE 4 lodien 58GW ©
80 wt.% of the first basestock is added to about 20 wt.% of the second basestock,
the wt. % being based on the combined weight of the first and second basestocks.
Additives are added to the basestocks, generally to improve a physical property of
the oil such as viscosity index. Such additives include, e.g., one or more of
dispersants, detergents, wear inhibitors, antioxidants, rust inhibitors, demulsifiers,

extreme pressure agents, friction modifiers, multifunction additives, viscosity index

improvers, pour point depressants, and foam inhibitors.

[0025]  Generally, a lube oil boiling range feed used to make the first basestock
15 solvent extracted in a solvent dewaxing stage operated under effective solvent
dewaxing conditions thereby producing at least a partially dewaxed feed. The
solvent dewaxing process typically involves mixing the lube oil boiling range feed
with a dewaxing solvent at atmospheric pressure, separating precipitated wax and
recovering the solvent for recycling. The lube oil boiling range feed is mixed with
chilled solvent to form an oil-solvent solution and precipitated wax is thereafter
separated by, for example, filtration. The temperature and solvent are selected so
that the oil is dissolved by the chilled solvent while the wax is precipitated. Thus,

one embodiment of the instant invention involves separating, by any suitable



that the oil is dissolved by the chilled solvent while the wax is

preci pitated. Thus, one enbodi nent of the instant invention involves
separatingwﬁaé an¥ sui tabl e WD 2006/ 055500 PCT/ US20( h- A) 41207 -11

separ ati on HO/OSFWR sol vent and partially dewaxed feed, PCIASIFIHGIT he
partially dewaxed feed and conducting the partially dewaxed feed to a

hydr odewaxi ng reaction stage. In a related enbodi nent, the partially
dewaxed feed can be separated, with a first portion conducted to

hydr odewaxi ng and at | east a second portion conducted away fromthe
process. It should be noted that because Zflvent dewaxi ng typically occurs
at atnospheric pressure, it may be necessary to pressurize the partially
dewaxed feed prior to the catalytic dewaxing step. i [0026} A particularly
sui tabl e sol vent dewaxi ng process involves the use of a cooling tower where
sol vent is prépHRUPRIcaRs thelseldentiodpsrilly doyazed Sedarcatveppgibespartitlbng t he

hei ght of th | i t . .The lub ' il f - sol. t
mxture i s agvaREh g P e PEPaT Al v es AP BRI T,
I nst ant aneouseadtiofls leIntaﬁ@la?ef@&ﬁbédiﬁx@n%g{e‘éﬁ?ﬁaw delvalxBg féédtb%n gkl boiling

range feed. The prechilled solvent is added increnentally along the length

of the cool i sgpdreied; with a fast partivaicohduatediiv lgdecdegaxmigiandiantpastat secaid or bel ow
about 10F/ mnute (-12.2C/ m ngﬁﬁg), usual | y between about 1F to about
5F/ minute (- PPryen eqnductepamayniyeia)the mpsess; dbshouidhraroted ihat bgcausessolgpl oi |

Wil usuarty deeinte RBCURTREAS BLAIER R Rl ot bindegabl ' The Tkt ur e
nmay then be geakutife fhe _})]&Gt[E : kel FeR] iritirlth éie datulpRNEabenegRi pi tated wax

fromthe m xture. [002 ective solvent dewaxing conditions are
conditions that are capable of renoving at |east a portion of the wax

contained in [I)&%] T b)g pgli't{cuija?iyl aiuri]t%b{e%%ﬂr%nl géa\xqaxing process mnvolves the use of a
cooling tower where solvent is prechilled and added incrementally at several points
along the height of the cooling tower. The lube oil boiling range feed-solvent
mixture is agitated during the chilling step to permit substantially instantaneous
mixing of the prechilled solvent with the [ube o1l boiling range feed. The
prechilled solvent is added incrementally along the length of the cooling tower so
as to maintain an average chilling rate at or below about 10°F/minute
(-12.2°C/minute), usually between about 1°F to about 5°F/minute (-17.2°C to
-15°C/minute). The final temperature of the lube oil boiling range feed-
solvent/precipitated wax mixture in the cooling tower will usually be between
about 0°F and about 50°F (-17.8°C to 10°C). The mixture may then be sent to a

scraped surface chiller to separate precipitated wax from the mixture.

[0027]  Effective solvent dewaxing conditions are conditions that are capable of
removing at least a portion of the wax contained in the lube oil boiling range feed.
Generally, effective solvent dewaxing conditions will include that amount of
solvent that when added to the lube o1l boiling range feed will be sufficient to
provide a liquid:solid weight ratio of about 5:1 to about 20:1 at the dewaxing

temperature and a solvent:oil volume ratio between about 1.5:1 to about 5:1. The



General ly, effective solvent dewaxing conditions will include that anmount of
sol vent that when added to the |ube oil boiling range feed will be

sufficient jde a liquid:solid weight ratio of ablpéllt ; out
20: 1 at th‘é’@é’%@‘?ﬁ%‘ tenperature and a solvent:oil volune nrja"?ﬁo’&ﬁ%?bv\een

about 1.5:1 to about 5:1. The WD 20061055500 PMUS20051041207 -12 sol vent
dewaxi ng of the lube oil boiling range feed typically results in a partially
dewaxed feed having a pour point fromabout +30C to about -20C. 100281
Represent ati ve dewaxi ng sol vents are aliphatic ketones having 3-6 carbon
atons such as nethyl ethyl ketone and n@%ﬁyl i sobutyl ketone, |ow nolecular
wei ght hydrocarbons such as propane and butane, and m xtures thereof. The
solvents may be m xed with other solvents such as benzene, tol uene or

xyl ene. Further descriptions of sqlyent dewaxing, process useful herein are
di scl osed i nSe}vent desyping of the hibe Q}l%ézwgen%@rfae@ww}lmﬁulw & pariedly

i ncor por at ed LNed heir I oA e .parti y dewaxed feed
may be suitangﬁgépgeﬁg'Qn%ggggﬁgg@skéﬁ3ﬁgg§%6ﬁgg)@%%%ﬁgﬁggsestock. However
in an enbodi nent of the invention, the partially dewaxed feed is subjected
to a further catalytic dewaxing step to renove at |east a portion of any
wax renai ni ng0838]t hRapeastitati ve/dayeningselfentsdre aliphaiic khiopeshapng 3-6 commonl y

dto furth I th ' f th tiall feed. Th
Sequence of  SOYBAOTLWARIR SN FINEADY SRt o BiksehA: 1 common y
desi t ed NS Tl | ; ' . | tep,
the part’ al | 3 ACO oy AR Rt bE ARl Hr Bl tlupl, SR X R RARYREE D

amount of a Mhdrsolens maythecaixal with dtitertsbents setendenadneatdiyeieageryiaent ai ni ng
treat gas in_a reacti Qn_stage operated under effective hydrodewaxin
condi tions. [Epfthet deperipiioms o8 exlasat dgWaxngpracessselil hewstn are disclosed in U.S.

Patents Nos. 3,773,650 and 3,775,288, which are incorporated herein in their

entirety.

[0029]  The partially dewaxed feed may be suitable as a lube basestock, such as
the second basestock. However, in an embodiment of the invention, the partially
dewaxed feed is subjected to a further catalytic dewaxing step to remove at least a
portion of any wax remaming in the partially dewaxed feed. Thus, this step is
commonly used to further lower the pour point of the partially dewaxed feed. The
sequence of solvent dewaxing followed by catalytic dewaxing is commonly

designated as "trim" dewaxing.

[0030] Turmning now to the hydrodewaxing step, the partially dewaxed feed is
contacted with a catalytically effective amount of a hydrodewaxing catalyst in the
presence of a hydrogen-containing treat gas in a reaction stage operated under
effective hydrodewaxing conditions. Effective hydrodewaxing conditions as used
herein includes temperatures between about 200°C to about 350°C, preferably
about 250°C to about 325°C, more preferably about 250°C to about 310°C,
pressures between about 2,860 to about 20786 kPa (400 to 3000 psig), preferably
about 4238 to about 17338 kPa (600 to 2500 psig), preferably about 4238 to about



herei n includes tenperatures between about 200C to about 350C, preferably
about 250C to about 325C, nore preferably about 250C to about 310C,

pressures b about 2,860 to about 20786 kPa (400 to 3000

preferably aé%@ﬁ@" ?88 to about 17338 kPa (600 to 2500 psFﬁTﬂng%ﬁéV&BIy
about 4238 to about WO 21106/ 055500 PCT/ U520051047207 -13 10443 kPa (600 to
1500 psig) hydrogen treat gas rates of about 89 to about 890 n8/n8 (500 to
5000 SCF H,/B), preferably about 107 to about 445 nB/n8 (600 to 2500 SCF
H2/B), and liquid hourly space velocities ( LHSV') of about 0.1 to about 10
VN hr, preferably about 0.1 to about 5 y/ nore preferably about 0.5 to
about 2 V/V/hr. hi an enbodinent, t he hy PodeMHX|ng reaction stage is
operated under mld (i e., Iess severe) hydrodewaxi ng conditions to convert
trace parafflns that inpair low tenperature properties of the sol vent

dewaxed fract ilB#3kPa(60Bp 1500nsig)byderganied g5 rates ﬁ%ﬁb@!ﬂaﬁﬁ’\im@quw%hym cal

and volati 1 1 8 GRRREMOSP B, Akt MOV SBL I vl S BRI 6005 )

sol vent - dewaxpsgp SCFM;/B)“ar?d n@hahsﬂlyegﬁaeeiwasahes F’ﬁ,f}m")\b?abgmq}' L oo e

condi ti ons include condifions that result in one or nore of (1) a lube
basest ock havil&y/5/hv) pmfeu'ihlylalammﬂtl 10 aboutah¥.(M/he, Gngue ipndferably dHuvast ﬁérﬂnl ally

d d feed, f bout to t. 1 ts, f bI

D o T S B i i .
dit t hi
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about -30C, ”ﬂfaﬁrﬁ;ﬁa%flewa:bhl)éeﬁﬁﬁélfnopgﬁeﬁ of ﬂab@ulvent%axﬁﬁ’ﬁfacﬁélﬁﬁﬁi Riwy about
ocC to about -3C;, and (iii d loss of about 0 to about 20 wt.% based

on the wei ghtyisld ]tohﬁawbléff $ttlhnwlta;@mk1@cplwe@al basw@ﬁkdrramryeawlmasmmo about 15
o I B R SRt BPOHLe O G 10y DRBL RESSF' AR © 1o
resulting from the solvent-dewaxing step. In a related embodiment, effective
hydrodewaxing conditions include conditions that result in one or more of (i) a lube
basestock having a VI within about 0 to about 20 points of the partially dewaxed
feed, preferably about 0 to about 10 VI points, more preferably about 0 to about 5
V1 points, most preferably about 0 to about 2 VI points; (ii) conditions that result
in a lube basestock having a pour point within about 0 to about -50°C of the
partially dewaxed feed, preferably about 0°C to about -30°C, more preferably about
0°C 1o about -10°C, most preferably about 0°C to about -3°C; and (i1i) a yield loss
of about 0 to about 20 wt.%, based on the weight of the partially dewaxed feed,
preferably about 0 to about 15 wt.%, more preferably about 0 to about 10 wt.%,
most preferably about 0 to about 5 wt.%. In an embodiment, the process conditions
include conditions that result in an undesirable change in properties, e.g., an

increase in pour point or a decrease in V1.

[0031) In an embodiment, the effective hydrodewaxing conditions are generally
mild conditions that are used to improve the low temperature properties of the lube
basestock while minimizing any negative effects typically associated with

hydrodewaxing such as, for example, yield loss.



i nclude conditions that result in an undesirable change in properties, e.g.,
an increase in pour point or a decrease in VlI. [0031] In an enbodi nent, the
effective ing conditions are generally mld conditions that are
used to ing%géggﬁﬁ%%IOM/tenperature properties of the | uddVEHEELHEI while
m nim zing any negative effects typically associated wth hydrodewaxi ng such
as, for exanple, yield |loss. WD 20116/11555110 PCVUS21N15 /114 1 2117 -14
100321 Hydrodewaxi ng catal ysts suitable for use herein can be crystalline,
anor phous, partly crystalline, partly anorphous, disordered but neither
fully crystalline nor fully amorphous, gpd mixtures thereof. Anorphous

hydr odewaxi ng catal ysts include alum na, fluorided alumna, silica-alumna,
and fluorided silica- alum na. Such catalysts are described, for exanple, in .
U.S. Patents Nos. 4,900,707 and 6,383,366. 100331 Crystalline materials are
nol ecul ar sieves that contain at |east one 10- or 12-ring channel and may

be based . o _ . : h
o 11 60a umt nEAZL o Byt Rl el gl (e ol R RS s
Mol ecul ar si emefphsus, pahlyecristalling epahidy sinorphoantdisardaded/baastitienaino- or

12-ring channel . Exanpl es of such zeolites include ZSM 22, ZSM 23, ZSM 35,
ZSM 48, zSM Systafline mos fullyeamerplipusz andumixtgssdhercofvoivnpiphoms hydiodewfing

al um nophosphat.es cont ai ni ng _at | east .one 10s.ri ng channel . include ECR- 42.
Exanpl o6 of - ot i mapadalyite ner iR . sy ARIARere MaRRt kel 1o
beta, and MChMuffna SRR cﬁﬁhﬁ%é‘ﬁe&%ﬁ%&Sfoﬁé'katr%laﬁinf[@fs. PaRnRNE&! 90867
described in U S Patents ‘Nos. 5,246,566, 5,282,958, 4,975,177, 4,397, 827,
4,585, 747, S5a638%5%@nd 4, 440,871. MCM 68 is described in U S. Patent No.

6, 310, 265. MCM 71 and |1 TQ 13 are described in PCT published applications
nos.

{0033]  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 (SAPOs) and
magnealuminophosphates (MAPQOs). Molecular sieves suitable for use herein
contain at least one 10- or 12-ring 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
mchude zeolite beta, and MCM-68. Some molecular sieves suitable for use herem
are described in U.S. Patents Nos. 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 U.S. Patent No.
6,310,265. MCM-71 and ITQ-13 are described in PCT published applications nos.
W002/42207 and WO00/78677. ECR-42 is disclosed in U.S. Patent No.
6,303,534. Suitable SAPOs for use herein include SAPO-11, SAPO-31, SAPO-41,
and suitable MAPOs include MAPO-11. SSZ-31 is also a catalyst that can be
effectively used herein. It should be noted that hydrodewaxing catalysts do not
require a hydrogenation function, and thus do not require a hydrogenation metal

deposited thereon.



W02/ 42207 and WD00/ 78677. ECR-42 is disclosed in U S. Patent No.
6, 303, 534. Suit abl e SAPGs for use herein include SAPO 11, SAPO 31, SAPO 41,

and suitabl g@P cI ude MAPO- 11. SSzZ-31 is also a catal

ef fecti vel ﬁ% %4 in. It should be noted that hydr odevvgéi”ﬁéz‘ﬁ'é’f'éﬂzﬂ/sts do
not require a hydr ogenatl on function, and thus do not require a

hydr ogenation netal deposited thereon. WO 2006/ 055500 PCTNS2005/ 041207 -15
[ 00341 In an enbodi ment, the hydrodewaxing catalyst is a zeolite. Preferred
zeol i te hydrodewaxi ng catalysts suitable for use herein include ZSM 48,

ZSM 22 and ZSM 23. Especially preferred ZSM 48. The nol ecul ar sieves are
in the hydrogen formor may be bi-functional. Reduction can occur in-situ
during the dewaxi ng step itself or can occur ex-site in another vessel.

100351 In an nt, the hydr ewam ng catal ysts . are Qi-functional,
i.e., they a@g? 0a %f@bpdameme hyglredeyeaxne Y%g%ﬁ&?fﬁ&ﬁ B@ﬁw«ient

which is seIe res

t hereof . Pref etroﬁgidh Jd;?%&ﬁca}g%ﬁ%@ a%le%?# éé%n ngb§%§§dz );ejcjl ally
preferred areafdZ8M-M. | Espreblly pro®inaliss BEM148S TR& molPébuwr sBv¥d sHeqs tﬁeher eof .

In an enbodi nent, the netals are |loaded at the rate of about 0.1 to 3 about

0 wt.% basedl}@hpgehéomn)gmaycbfe hiffeneironal. yB@ducthawen geur pr-sipadeniigtheand net al

| oadi ng met ho s are descr fb for exa i Pat ent No. 6,294,077,
and i ncl ude, i BiF 2B LERU Y NEMB&P ’elj‘?‘?é?ll on using decorrposabl e
nmetal salts. NEt aI di sper5| on techni ques and catal yst particle size control
techni ques are described in U S. Patent No. 5,282,958. Catalysts with small
particle sizg083f] wdhlandntpdimed, thethydraicw apingfoatalysts areGO-Iaictibhal, el ecul ar
sieves are typically conposited with binder materials which are resistant
to high t errpég‘éﬁf yedeadgdivath Fhdseshane mstad ixdroggpation component, which is selected

from Group VI metals, Group VIII metals, and mixtures thereof. Preferred metals
are selected from Group VIII metals. Especially preferred are Group VIII noble
metals such as Pt, Pd or mixtures thereof. In an embodiment, the metals are loaded
at the rate of about 0.1 to 3 about 0 wt.%, based on the weight of the 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 U.S. Patent No. 5,282,958. Catalysts with

small particle size and well-dispersed metal are preferred.

[0036] The molecular sieves are typically composited with binder materials
which are resistant to high temperatures which may be employed under
hydrodewaxing conditions to form a finished hydrodewaxing 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
cambinations of these oxides such as silica-alumina-thoria and silica-alumina
magnesia. The amount of molecular sieve in the finished hydrodewaxing catalyst is

from about 10 to about 100 wt.%, preferably about 35 to about 100 wt.%, based on



hydr odewaxi ng conditions to forma finished hydrodewaxi ng catal yst or nmay be
bi nderl ess (self bound). The binder materials are usually inorganic oxides
such as siJJ ) ina, silica-alumnas, binary conbinations of silicas
with ot her \bné?(g‘(’mn%’l)‘éﬁndes such as titania, nmagnesia, thoritVYHPER7and t he
i ke and tertiary conbinations of these oxides such as
silica-alumna-thoria and silica-alum na nmagnesia. The anount of nol ecul ar
sieve in the finished hydrodewaxi ng catalyst is fromabout 10 to about 100
wt.% preferably about 35 to about 100 wt.% based on WD 20061055500
PCT1US20051047207 -16 catal yst. Such caﬁglysts are formed by net hods such
spray drying, extrusion and the |ike. The hydrodewaxi ng catal yst may be
used in the sulfided or unsulfided form and is preferably in the sulfided
formfor netal -containing hydrodewaxing catalysts. [00371 In au enbodi nent,

t he hydr odewasataysty Sweh caialystsageiamah by siethass sidy sprasodmying, gegus@yandact or s

ti h_qf ich i t bed f
The same or dFkFededyfiad e ERRNGONRE b Bseds uliso el arifbBRted s o an
be used, fiXxefrBegsd AReRiMlEin 86 sulBdsd o TBF mbMPesntShirpAtydrddivaRBES

i ncl ude fluidized beds, ebullating beds, slurry beds, and noving beds.

| nterstage omtdlysts or heating between reactors, reaction zones, or between
catal yst beds in the sanme reactor, can be enployed. A portion of any heat

generated during hydrodewaxi ng can be recovered. Were this heat recovery

O ! SR YRR, DRIl RSL YT

hydr ogen quengibresfixeidiad resotéllios réBiidteEones,at ioMvhich @6l tORpH&RRI@LEERS can
be nore easily maintained. 100381 Hydr ogen-cont ai ni ng@t reat gases suitable

for use in thatdystrhedeobtbiesgme oedidieran cafalysle Althvupk othenpymes eticasdlyst

substantiall Yoelds chin X%ée%? Fxed bedsre gr%fe@e)éj[ Sk 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. A portion of any heat generated during
hydrodewaxing 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.

[0038] Hydrogen-contaming treat gases suitable for use in the hydrodewaxing
reaction stage can be comprised of substantially pure hydrogen or can be mixtures
of other components typically found in refinery hydrogen streams. However, it is
preferred that the hydrogen-containing treat gas stream contains little, more
preferably no, hydrogen sulfide. The hydrogen-containing treat gas purity should
be at least about 50% by volume hydrogen, preferably at least about 75% by
volume hydrogen, and more preferably at least about 90% by volume hydrogen for

best results.



of other conponents typically found in refinery hydrogen streans. However,
it is preferred that the hydrogen-containing treat gas stream contains
littl.e, nore referably no, hydrogen sulfide. The hydrogen-containing treat
gas purity g’ﬁ?oﬁf’ﬂ“"‘b‘é’ at | east about 50% by vol ume hydr ogBGET/UBI08S/@HAN y at

| east about 75% by vol une hydrogen, and nore preferably at |east about 90%
by vol une hydrogen for best results. wo 2006/ 0: 5500 Pcrous2005/041207 -17
[ 0039] The contacting of the partially dewaxed feed with the hydrodewaxi ng
catalyst results in a reaction product conprising at | east a gaseous product
and a liquid product, wherein the |iquid_product conprises a |ube
basestock. Thus, in one enbodi nent the dr odewaxi ng stage product is
separated into at |east the gaseous product and the |iquid product
conprising a |lube basestock, and the liquid product conprising a |ube
basest ock is (M38Ver dbe cThtectimpofthdyparviblicdewared fdeddviduthedwidrglesamg r eact i on
product is separated i.s .not crjtica4 and mpy be. performed by any nmeans
capabl e of seﬁ%f?&ﬁ‘irﬁﬁﬂﬁdgé‘(fﬁ%c“&ﬁcﬂ’r? ust SOPRTEIE At frsth %ﬁ@?%pmé%ﬁnﬁﬁ f or
exanple, flas - Ar, . (REa)ol] T iquid

pr oduct corrpr?gl?ﬁ&’lfga{égbe %‘gé@n‘tng %agg@gétec?g{ghgrr%y&%gcE)g%ég)}ﬂr(\' hglsdst e first

basest ock andémy erabedindnbis dgtindkwihtingktageprodua if sopasiabintafnesatieng oil .
One or nore fractions can be separated and conducted away fromthe process
for storage Bafgpeypoduetisad ty igiud prodyct comprsiag atlubgbasestaek,vand the diquid

addi tional Tube ,0il basest S,.. Dependi ng on .their physical d chem cal
properties, V\Pﬁogﬁaccé’ﬁl%@mgr?eogfgf]P%%S@@ﬁvéﬁ%%‘ﬁgl Iti;.?/‘le %?%‘%%@g‘é‘fl’%sd basest ocks
may be usef ul hagoldiaxihg Sthge RAGRH R6Huct I ABEA N RRFESEOHEmA bd N @ variety
of applications includihg blending engine oils, including finished

passenger carperfiiroreddiylany nards oapabledefstparatinggiasenus apd Giqiid réhaton frodws

enbodi nent, the |iquid product_ conprisi n% a tubéa basest ock
such as, for example, flash or knock-out drums, and/or stripping.

[0040] The liquid product comprising a lube basestock recovered may be used in
as the first basestock and/or second basestock in blending a finished lubricating oil.
One or more fractions can be separated and conducted away from the process for
storage and/or further processing, such as to provide various additional lube oil
basestocks. Depending on their physical and chemical properties, which can be
measured conventionally, such separated basestocks may be useful as the first
basestock, the second basestock, or in a variety of applications including blending

engine oils, including finished passenger car motor oils, and/or industrial oils.

[0041]  Thus, in an embodiment, the liquid product comprising a lube basestock
recovered from the hydrodewaxing reaction stage can be fractionated to produce at
least two product streams, at least one of which is suitable as the first lube
basestock. The form of fractionation used herein is not critical and can be any
fractionation means. Non-limiting examples of suitable fractionation means
include atmospheric and vacuum. It should be noted that the number of lube
basestocks, and their weight, depends on the operating conditions, e.g., separation

boiling point, selected for the fractionation means. In an embodiment, at least one



recovered fromthe hydrodewaxi ng reaction stage can be fractionated to
produce at |east two product streans, at |east one of which is suitable as
the first ﬁs(@%§ﬁstock, The formof fractionation used herein is not
critical and ToH™&any fractionation neans. Non-1imiti fg EERH0ARbs
suitabl e fractionati on neans include atnospheric and vacuum It should be
noted that the nunber of |ube basestocks, and their weight, depends on the
operating conditions, e.g., separation boiling point, selected for the
fractionation neans. In an enbodi nent, at |east one WD 206/ 055500

PCT/ US200S/ 041207 -18 such fraction proguced by fractionating the

hydr odewaxed |iquid product is a tube basestock suitable for as the first
basestock in fornulating a finished |lubricant, such as a 5WB0 passenger car .

notor oil. [0042] Another eppodi nent of the jnstant ,inventiagn involves

cont acti ng aS’t“ﬁb}éaCt‘BPIPI%{WP‘?”&Qg’_?%!’fﬁ’é“f‘%gﬁmyﬁfr‘é‘iefwar@ﬁ hquitprogpctds _aé;dwi n the
presence. of Bl aSRmERPLALRING AR Tohllufy DHIARE AaGRIAN Bugat Bl VSt -
under effective hydroprocessing conditlons. rogen-contai ning treat gases

suitable for ayaszﬁag@ngay@fmaqgﬁsi ng reaction stage can be any
hydr ogen-containing treat gas suitable for use in the hydrodewaxi ng stage.

The contacting of the lube oil boiling range feed with the hydroprocessing
catal yst pro a first stage re i on, product. conprisin firgt stage
Gaseous pr oatiiah g Aol efb&HEehC Sty it Stisction SR e tagthcling & hbe

hydr opr ocessgg potB 1ide REPHUCHirst FAAANAESTThE dserhfirbgin, 1S meant
to refer to proce sreséeifg whi chrshydrogen ezlc%lsg\l;ﬁsﬁca hyc?krzgcgérnbonaceous
feed and a caitahjygttradegasgngida hpdoptoeessidpecalslysredler effedtiven. Non-1imiting

exanpl es of _hydroprocessing praocesses include hydrocracking; hydrotreating
to renove hbf%ﬁa@%%ﬁlg congiions Hydregan-confainisgdriat gases swiiehle forabe iuenat i on

of, 2romat | oY SLBRTEL 4130 oARAL By FRkBLYHE6n SRR bB eal Bkl
for use in the hydrodewaxing stage. The contacting of the lube oil boiling range
feed with the hydroprocessing catalyst produces a first stage reaction product
comprising a first stage gaseous product and a first stage liquid product comprising
a hydroprocessed lube oil product. Hydroprocessing, as used herein, is meant to
refer to processes in which hydrogen reacts with a hydrocarbonaceous feed and a
catalyst designed to cause the desired reaction. Non-limiting examples of
hydroprocessing processes include hydrocracking; hydrotreating to remove
heteroatoms, such as sulfur, nitrogen, and oxygen; hydrogenation of aromatics;
hydroisomerization and/or catalytic dewaxing; and demetallation of heavy streams.
It is preferred that the hydroprocessing be selected from hydrocracking,
hydrotreating and mixtures thereof, i.e., hydrocracking followed by hydrotreating

or hydrotreating followed by hydrocracking.

[0043}  Various kinds of feed pre-treatments and product post treatments can be
used with the invention, such as an optional hydroprocessing stage or step.
Hydroprocessing can occur before dewaxing, after dewaxing, and/or between
solvent dewaxing and hydrodewaxing. For example, in an embodiment, the feed to

the solvent dewaxing step can be a hydroprocessed feed. In this embodiment, any



It is preferred that the hydroprocessing be sel ected from hydrocracking,
hydrotreating and m xtures thereof, i.e., hydrocracking followed by

hydr ot reat i or.. rotreating followed by hydrocracking. [0043) Various

ki nds of fé&gzgw@9¥¥€atnents and product post treatments E&HUSES/AEY with
t he invention, such as an optional hydroprocessing stage or step. .

Hydr opr ocessi ng can occur before dewaxi ng, after dewaxing, and/or between
sol vent dewaxi ng and hydrodewaxi ng. For exanple, in an enbodi nment, the feed
to the solvent dewaxing step can be a hydroprocessed feed. In this

embodi ment, any WD 20116/0555110 PCT/ US20Q5/ 041207 -19 suitable

hydr opr ocessi ng catal yst effective at causing the desired reaction can be
used, i.e., if hydrocracking is chosen as the hydroprocessing reaction, any
hydrocracki ng catal yst can be used, etc. Further, effective hydroprocessing
condi ti ons ar81ablgdivereprecessing caiplysieltestipe ebcanstog thpdesdadasectignear e yst, are

effective at ryi { esiyyed reactian. hydr oprocessi ng reaction
stage can be&%g’ﬁbéf’{]gg%flagﬁggd? Ckf‘?ﬁ?nea% ﬁx%ehg(agogag&gggé&%c%(gp, P&action zones
each of whi chhydéaRadk@REAtSIOstRAR bRfuséM el CRlrieY Siffdeads hgarobh%e@%@ or
different catalyst. Although other types of catalyst beds can be used,

fi xed beds arengitiohs aressbndionh thet helent oompled with thet selectad dagedpstj arel ude
fluidized bed ebul | ati ng beds, ,slurry heds nd, novi ng. beds. Interstage
cool i ng or neRTE YR BoRHREHE R dat g re@sef»al-o?b%@égeroeffssgﬁrﬁ%wn SE8E al yst
beds in the Scaaﬂ%erc‘aﬁng,}@éd oP@{} &-%&%Rix%%%gw]@ac yo} Péaﬁﬂfn% Ies G of WIRBET at ed
duri ng hydroprocessing can be recovered. ere this heat "recovery option is

not avai | abl e;anconiyeisé bosal meedakdigst Heds Gfrhp &fithe bR fdraitaagiyst.oalthagh
utilities such as cooling water or air, or through use of a hydrogen quench
strdam |In t Htkeriepesef catophist badn can he vpesh fxedpedunigmsefensd. Suchother tapesi | y

mai ntai ned. — J,004AL, VIR BN ARLDSARE Db adtRBhcogNS 123 YR hIBEx N0
beds. Interstage cooling or heating between reactors, reaction zones, or between
catalyst beds in the same reactor, can be employed. A portion of any heat
generated during hydroprocessing can be recovered. Where this heat recovery
option is not available, conventional cooling may be performed throngh cooling
utilities such as cooling water or air, or through use of a hydrogen quench stream.

I this manner, optimum reaction temperatures can be more easily maintained.

{0044] When hydroprocessing is used before solvent dewaxing, the
hydroprocessing produces a first stage reaction product comprising a first stage
gaseous product and a first stage liquid product comprising a hydroprocessed lube
oil product. The first stage reaction product can be conducted directly to the
solvent dewaxing stage or conducted to a separation stage to separate the first stage
gaseous reaction products from the first stage liquid product. It is preferred that the
first stage reaction product be stripped in a stripping stage prior to the solvent
dewaxing stage. Stripping can be by conventional means such as flash drums or
fractionators. It is preferred that the first stage reaction be stripped by contacting it

in a stripping tower with suitable stripping gas.



hydr opr ocessi ng produces a first stage reaction product conprising a first
stage gaseous product and a first stage |liquid product conprising a

hydr opr ocegggshokmdge 01 | product. The first stage reacti t n be
conducted di rect‘ly to the solvent dewaxing stage or conﬁﬁ:(ﬁsgg‘%“y%?

separation stage to separate the first stage gaseous reaction products from
the first stage liquid product. It is preferred that the first stage
reaction product be stripped in a stripping stage prior to the solvent
dewaxi ng stage. Stripping can be by conventional neans such as flash druns
or fractionators. It is preferred that_&@e first stage reaction be stripped
by contacting it in a stripping tower wth suitable stripping gas. WO
200610555110 PCT/ US2005/ 041207 -20 100451 In yet another emnbodi nent the

| ube oil boilj range feed i s qptionall solyent extracted prior_to the
sol vent dewaié(ﬂ%]st 5@8@* gt HH%QQ{W%TEFI?%IH"%%%B mgﬁ%@'&a}gﬁﬁ@p&wﬁlw

conbi nati on W L &g&% | . | ncrease .
t he vi scosi t?ﬁl}’%étte%%ﬁaﬁtgt ;?gﬁﬁh%@%g?ﬁ@{ﬁe)e Hél%(t)%ﬁghg)rog%%%%agﬁog%nc%ési ty index
during sol vensedcadbii®6t in@ombiidtionoliiethe opybhid tiyi@procehdiy inseder 16aHgoccur

before or after the optional hydroprocessing stage. Thus, in an enbodi nent,
the feed to #nfecassdha/aprostrwedexry tha e oil dead ToHoWinga less ¢rascesighinden
hydr opr ocessed .raff.i nate, |.n this nbodi. ment | ubricatin il feed is

Xt acted  nosritg roRHE <Sirerdhut b soliR® PR DG s PEL PR O S etone SFner
condi tions ehhgchi bpticial BYARHPEORESIAS sthEASThANinANEISddPfet AR fedd@blthoate
sol ution containing extracti on solvent, At least a portion of the extraction

sol vent is t banertatesarthgfstagn it heaffinateppictezable ahydaipfocesid raffinatei bmthiso
produce at |least a |ube qil_ boi]i ng.range raffinate feed, which, follow ng
?

optional hydeabpdiewsssialybupatme ribiped isextigrigd & & golventiexactionzene W@k ng
step. 100461 .The. sal r.act.j. oAl | ssol ves, t he
aromatic cp%rf)%%g]ﬁﬁ g(ﬂ:{(gﬂttalﬁﬁ%%8naciﬂllgﬁs.é-e?fegﬁgezgttpr%g%‘f&é%%{g%a}&o%{ %ﬁma}eﬁ‘“ﬁs geggi ng the
nmor e par af fi fiffinate solution containing extraction solvent. At least a portion of the extraction

solvent is then removed from the aromatics-lean raffinate solution to produce at

least a Iube oil boiling range raffinate feed, which, following optional

hydroprocessing when used, is conducted to the solvent dewaxing step.

[0046] 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. The solvent extraction process, solvent, and process conditions
used herein are not critical to the instant invention and can be any solvent

extraction process, including conventional processes.

[0047]) The above description is directed to preferred embodiments of the

present invention. Those skilled in the art will recognize that other embodiments



conponents in the "aromatics-lean raffinate solution". Naphthenes are
distributed between the extract and raffinate phases. Typical solvents for
sol vent ext ~l,ncl ude phenol, furfural and N nethyl one
controlllngw?%%mgg}vgnt to oil ratio, extraction tenperarg%@S§Wd'ﬂ%$%od of
contacting distillate to be extracted wth solvent, one can control the
degree of separation between the extract and raffinate phases. The sol vent
extraction process, solvent, and process conditions used herein are not
critical to the instant invention and can be any solvent extraction
process, including conventional processes,; 100471 The above description is
directed to preferred enbodi nents of the present i nvention. Those skilled
inthe art will recognize that other enbodi ments WO 2006/ 11555110

PMUS2005/ 0412 7 21 that are equ t|ve coul d be deV|sed for

carryi ng out r§;’5‘lql'1?]11y6f Gthesoul rh?éﬁﬂﬁ‘%‘i oregmyig gt thespifs o this  cat al yst s
[ 0048] The hy g&%(%?X|ng catal yst used to make the first basestock can be,
for exanple, uncti onal hydrodewaxi ng catal yst or a hydrodewaxi ng
("HDW) catal yst containing no netal hydrogenation function. The properties
of the catalysts used, and the amount enpl oyed, in the exanples herein are
outlined in ﬁ&ﬂﬂhiﬁliﬁbIOML These catal ysts included a conventi onal,
comerci al l y-avail abl e, non-netal HDW catal yst (H ZSM 48/ A] 203) (" Cat al yst
B"). Catalyst B was forned into 1/16-inch (1.6-nm quadrul obe extrudates

t hat containg%%ﬁg&¥§fw148 crystals bound with 35% al um na. A bi-functional
catal yst suit use in the present invention ("Catalyst A") was

formed by i nCs@bwits ng the extrudates of
(

[0048] The hydrodewaxing catalyst used to make the first basestock can be, for
exarple, a bi-functional hydrodewaxing catalyst or a hydrodewaxing ("HDW")
catalyst containing no metal hydrogenation function. The properties of the
catalysts used, and the amount employed, 1n the examples herein are outlined in
Table 1 below. These catalysts included a conventional, commercially-available,
non-metal HDW catalyst (H-ZSM-48/Al,05) ("Catalyst B"). Catalyst B was
formed into 1/16-inch (1.6-mm) quadrulobe extrudates that contained 65% ZSM-48
crystals bound with 35% alumina. A bi-functional catalyst suitable for use in the
present invention ("Catalyst A") was formed by impregnating the extrudates of
Catalyst B using platinum tetraammine nitrate. Catalyst C was formed using self-

bound H-ZSM-5 extrudates.



Catalyst B using platinumtetraammne nitrate. Catalyst C was fornmed using
sel f- bound H ZSM 5 extrudates. WD 2006/ 055500 PCT/ US2005/ 041207 -22 TABLE
1 Hydr odewges Miefoadsad yst Properties Catal yst Nanme Cat al y? 9&?"%@@?
Catalyst C Pt loading (%9 0.62 0 0 HWPt 1.16 NA N A Suppor

H ZSM 48 H ZSM5 Bi nder A1203 Al12-03 NNA Surface Area (nR/g) 247 239 N A
Al pha 24 20 47 Catalyst Volune (cnB) 10 5 5 Pre-sulfidation Yes No No
Exanpl e 2 Reactor Preparation and Operating Procedure 10049) A sol vent
dewaxed feed having the properties outlined in Table 2 was obtai ned by

sol vent dewaxing a lubricating oil boiligg range raffinate obtained from an
aromati cs extraction process. Three portions of the solvent dewaxed feed
wer e each separately hydrodewaxed using Catal yst A Catalyst B, and Catal yst
C respectively. The hydrodewaxi ng wa cted using a continuous catal yst
testing unit conposed of a liquid fee mw th an | SCO syringe punp, a

fi xed- bed tubul ar reactor Vﬂﬁﬂkﬁemgﬁ&:@ﬂﬁgzsf Pi-d@édies| i qui d product
collection, and an on- line or gas analysis. Either about 5 cn8 or

about 10 cnB of catal yst vol une (see Table 1) was charged in a down-flow

3/8-1nch (9.5 Catal?st%z?n%es steet Catalyst A | Catalyst B Catalyst C |

Pt loading (%) 0.62 0 0

H/Pt 1.16 N/A N/A
Support ZSM-48 H-ZSM-48 H-ZSM-5
Binder AL O, AL O, N/A
Surface Area (m*/g) 247 239 N/A
Alpha 24 20 47
Catalyst Volume (cm3) 10 5 5
Pre-sulfidation Yes No No

Example 2
Reactor Preparation and Operating Procedure

[0049] A solvent dewaxed feed having the properties outlined in Table 2 was
obtained by solvent dewaxing a lubricating oil boiling range raffinate obtained
from an aromatics extraction process. Three portions of the solvent dewaxed feed
were each separately hydrodewaxed using Catalyst A, Catalyst B, and Catalyst C
respectively. The hydrodewaxing was conducted using a continuous catalyst
testing unit composed of a liquid feed system with an ISCO syringe punip, a fixed-
bed tubular reactor with a three-zone furnace, liquid product collection, and an on-
line MTI GC for gas analysis. Either about 5 cm’ or about 10 cm® of catalyst
volume (see Table 1} was charged in a down-flow 3/8-inch (9.5-mm) stainless steel
reactor containing a 1/8-inch (3.2-mm) thermowell, as shown in the Table. After

the unit was pressure tested, the catalyst was dried at 300°C for 2 hours with 250



reactor containing a 1/8-inch (3.2-mn) thernowell, as shown in the Table.
After the unit was pressure tested, the catalyst was dried at 300C for 2

hours with 2000/ 0555110 PCVUS20115 /114 1 2117 -2 i 0 at
anbi ent pr e‘ﬁég?(}eéﬂ‘? (Ppr e-sul fidation of the catal yst was ﬁgﬁﬁfsﬁ'a’,‘“ b

(vol.) HZS in hydrogen was flowed through the catal yst bed at 100 sccmfor 1
hour. Upon conpletion of the catalyst treatnent, the reactor was cooled to
150C, the wunit pressure was set to 1,000 psig (6,996 kPa) by adjusting the
Mty-Mte back- pressure regulator and the gas flow was switched fromN, to
Hz. The liquid solvent dewaxed feed desgfibed in Table 2 was introduced
into the reactor at the desired |iquid hourly space velocity (LHSV). Once
the Iiquid solvent dewaxed feed reached the downstream knockout pot, the

reactor tenperature was increased o the target value. A materjal balance
(MB) was ini SN GG PURAPATe WHTe SHAIGR OF 15 AN IS Teqwesds SVl

li,qui d produc R . ' S were
anal yzed wt h&gfﬁ) fg@_111}'1?@1(%@1W%&gﬁ?%@%@gﬁ%ﬁ%ﬁqgg&%Fﬁ)é‘%a%ﬁ’% “both
TCD and FI D dgp@céamipictioh fahié &8al9st troafifetethe reitbiowas esbledto L5U%EYT gleand t he

catal yst activity/product properties as function of the sfrﬁloces_s vari abl es,
such as LHSV WAPIpsBsasas sebivpedl paig (6,9%ekBn)byrdiustng the dMiteddbite baskt ance was

t at 370C by batch distil]ati Th i 37PC d il
e oven v BeRhBadint bid B 680 Aot RRrR9856 b5 R RIRSTAIENTY oo ©
ggg?gi’goper t i @fvenDBWebY feed/ @ Seribed M TalR WAKInBRREE. S Med82aaf dtihd (O

desired liquid hourly space velocity (LHSV). Once the liquid solvent dewaxed

( feed reached the downstream knockout pot, the reactor temperature was increased
to the target value. A material balance (MB) was initiated once the unit was lined
out for 6 hours. The total liquid product (TLP) was collected in the MB dropout
pot. Gas samples were analyzed with an on-line HP MTI gas chromatograph (GC)
equipped with both TCD and FID detectors. A series of nmns were performed to
understand the catalyst activity/product properties as function of the process
variables, such as LHSV and process temperature. The TLP product from each
balance was cut at 370°C by batch distillation. The properties of 370°C+ dewaxed

oil were analyzed.



366-488) Kinematic Viscosity at 40C, cSt 23.3 Kinematic Viscosity at 100C
cSt 4.6 Viscosity Index 114 Pour Point (ISL), C-18 UV Total Aromatics,
nmoUk 18.5 lor > +30 GCD Noack Volatility, fur, vvpm
<10 Ni tr(%(z%m@vk“o& CCS (fornul ated 5WB0 engine oil), PC@&%@S&H%?

(fornmul ated 5WB0O engine oil), cP 36,211 Exanple 3 Hydrodewaxing using

Catal yst B 100501 The sol vent dewaxed feed described in Table 2 above was
hydr odewaxed using Catalyst B in accordance with the procedure described in
Exanple 2 at the followi ng conditions: reactor tenperature ranging from
about 270C to about 350C, total pressurg,of about 1,000 psig (6,996 kPa),
liquid rate of about 10 cnB/hr, H2 circulation rate of about 2,500 scfl bbl
(445 nB/m, and LHSV of about 2 hr-1. Table 3 summari zes the physi cal
properties of the | ube product obtained gt a tenperature of 300C using

Cat al yst B. The product exhibited inc romatics, and poorer color for

a PC pour point change fromt I d ey alVl loss fromthe .
feed, and constant Noack vol Sfvaft Néixe ) HDW basest ock

obtained fromthe hydr odewaxi ng (the first basestock) was added to a second

WD 20061055500 PCT/ R 25 0344

Boiling Range 2% to 98% off, °F (°C) 690-910
{366-488)
Kinematic Viscosity at 40°C, cSt 233
Kinematic Viscosity at 100°C, ¢St 4.6
Viscosity Index 114
Pour Point (ISL}, °C -1R
UV Total Aromatics, mmol’kg 18.5
Saybolt Color >+30
GCD Noack Volatility, wt.% 15.2
Sulfur, wppm <10
Nitrogen, wppm <1
CCS (formulated 5W30 engine oil), cP 5,790
| MRV (formulated SW30 engine oil), cP 36,211

Example 3
Hydrodewaxing using Catalyst B

[0050) The solvent dewaxed feed described in Table 2 above was hydrodewaxed
using Catalyst B in accordance with the procedure described in Example 2 at the
following conditions: reactor temperature ranging from about 270°C to about
350°C, total pressure of about 1,000 psig (6,996 kPa), liquid rate of about 10

m’/hr, H, circulation rate of about 2,500 scf/bbl (445 m3/m3), and LHSV of about
2hr'. Table 3 summarizes the physical properties of the lube product obtained at a
temperature of 300°C using Catalyst B. The product exhibited increased aromatics,
and poorer color for a 1°C pour point change from the solvent dewaxed feed, a 1 VI
loss from the feed, and constant Noack volatility. A portion of the HDW basestock

obtained from the hydrodewaxing (the first basestock) was added to a second



basest ock and conventional additives including a detergent/inhibitor, a
viscosity index inprover, and a pour point depressant to fornulate a 5W30
passenger r tor oil (VCMD'), which was then tested f f

testing in@?&?f%&%’" . The MRV results on the fornulategggqgg%gpﬁzﬁfgating
oil (also called "engine oil") are included in Table 3. [00511 As seen in
Table 3, with mniml changes to basestock physical properties (a 1C change
in pour point, which falls within the accuracy of the pour point
measurenent, and a loss of | VI, again within the accuracy of the VI
measurement) an 18% decrease in MRV was §§pieved with a 4.8%yield loss in
HDWw th the Catal yst B. TABLE 3 HDW Bas€st ock Properties (Catalyst B)

Physi cal Property Feed HDW Basestock (Catalyst B 370C+ Yield, % on SDW
feed 97.5 92.7 Kinematic Viscosgé_‘at.4oc_ cSt. 23.3 23.3 Kinematic

Vi scosity at baegstockand congentignal %&wilwudmaéﬂetﬂgpn?[mlmra W8Sty I SL), C

-18 -19 WT ; I ¢S | 5 0] or > +30. 9 GCD
Noack Vol ati ﬁ;ltu?alx é;\ﬂqg’%91§9%a¥g&14é %%{eg%aﬁ{ﬂ %{fﬁﬁh%%@gg)ﬁéﬁﬁe{ ga}r cP
36, 211 29, 60QndtBPER 1" POMOFSRhRE Ivas SRS B CEIdAMA WbRRk WSiudthgl BRWWR to
observe conmpositional changes between the sol vent dewaxed feed and the

hydr odewaxed The MB361esaks o1 i foamlasd33%/A04ulatrating oil (also called "engine

0il") are included in Table 3.

[0051]  As seen in Table 3, with minimal changes to basestock physical

f properties (a 1°C change in pour point, which falls within the accuracy of the pour
point measurement, and a loss of 1 VI, again within the accuracy of the VI
measurement} an 18% decrease in MRV was achieved with a 4.8% yield loss in

HDW with the Catalyst B.

TABLE 3
HDW Basestock Preperties (Catalyst B)

Physical Property Feed HDW Basestock |
_(Catalyst B)

370°C+ Yield, % on SDW feed 97.5 92.7

Kinematic Viscosity at 40°C, cSt 233 23.3

Kinematic Viscosity at 100°C, ¢St 4.6 4.6

Viscosity Index 114 113

Pour Point (ISL), °C -18 -19

UV Total Aromatics , mmol/kg 18.5 27.5

Saybolt Color >+30 9

GCD Noack Volatility, wi.% 15.2 15.4

MRYV (formulated SW30 engine o1l), cP | 36,211 29,600 ]

{0052]  In Example 3, samples were analyzed using "C NMR to observe

compositional changes between the solvent dewaxed feed and the hydrodewaxed



-26 product. Table 4 highlights the key 13C NWR results of the sol vent
dewaxed feed versus the HDW basestock. TABLE 4 13C NVR Data of Tri mHDW
Basest ock &kyeB) Sol vent HDW Basestock NWVR Measu

(Cat al yst (E’S‘)@i(@ggd '“E)p3| | on Carbons, nole% 13.66 13. 64 Tgtégyl%ﬁ (’(%ant G oups,
nole %6.25 6.17 Carbon # 36.7 37.7 Free Carbon Index 4.31 4.41 100531
Decreases in the nole percent of total pendant groups and the increase in
the free carbon index all indicate that decreased branching occurred,
potentially as a result of cracking. Exanple 4 Hydrodewaxi ne Over Catal yst
C 100541 Catal yst C was eval uated usi ng_dghe operating procedure described in
Exanple 2 at the following conditions: a reactor tenperature ranging from
about 250C to about 280C, a total pressure of about 1000 psig, (6,996 kPa),

liquid feed /.0r s L rcul at f abo , 500
scf/bbl (445P “ﬁ%) abZ%gﬂlgE‘ﬁ%} g@ Mr“‘“‘suhs Pf BNt ewiteblsed hac
Cat al yst G s Jkpayhe DWW 4¥Bdt6ck. dewaxi ng by cracking instead of

i someri zation. Conpared with Catalyst B, Catalyst C presented a 45C

tenperature advantage to achi eve the desired product physical properties at
the sane approximate yield | oss. Tablf % iunmari zes the physical WO
2006/ 0$5- 00 PCTI US20051047207 TABLE 4

3¢ NMR Data of Trim-HDW Basestock (Catalvyst B)

Solvent
NMR Measurement Dewaxed HDW Basestock
Feed (Catalyst B)
Epsilon Carbons, mole% 13.66 13.64
Total Pendant Groups, mole % 6.25 6.17
Carbon # 36.7 37.7
Free Carbon Index 4.31 4.41

[0053] Decreases in the mole percent of total pendant groups and the increase in
the free carbon index all indicate that decreased branching occurred, potentially as

a result of cracking.

Example 4
Hydrodewaxing Over Catalyst C

[0054] Catalyst C was evaluated using the operating procedure described in
Example 2 at the following conditions: a reactor temperature ranging from about
250°C to about 280°C, a total pressure of about 1000 psig, (6,996 kPa), liquid feed
rate of about 10 cm’/hr, H, circulation rate of about 2,500 scf/bbl (445 m’ /m3), and
LHSV of about 2 hr'. It should be noted that Catalyst C is known to promote
dewaxing by cracking instead of isomerization. Compared with Catalyst B, Catalyst
C presented a 45°C temperature advantage to achieve the desired product physical

properties at the same approximate yield loss. Table 5 summarizes the physical



-27 properties of the lube fraction of the product obtained at a tenperature
of 255C wusing Catalyst C. A portion of the HDW basestock obtained fromthe
hydr odewaxi n8 gt he first basestock) was added to a second basestock and
convent i ondVOY s i ncl udi ng a detergent/inhibitor, aP&T’8e8884Y20ndex

| nprover, and a pour point depressant to fornulate a 5W30 PCMO, which was
then tested for cold flowtesting including MRV. The results fromthe MRV
testing on the fornulated engine oils are included in Table 5. TABLE 5 HDW
Basestock Properties (Catalvst C) Physical Property Feed HDW Basest ock
(Catalyst C 370C+ Yield, %on SDWfeed 9,;[]'5 92.8 Kinematic Viscosity at
40C, cSt 23.3 23.8 Kinematic Viscosity at’" 100C, cSt 4.6 4.7 Viscosity

| ndex 114 113 Pour Point SL), C-18 -20 UV Total Aromatics, nmoi/k 18.5
20.4 Saybolt Color > +30 16 GCD Noack Volatility, w.%15.2 15.1 MRV
(formul at ed SMBPeBIEyiohthednby fragtpn3gd’ ,tlzqnmégqm@np@ésa]temeerewoﬁ ¥5febl e 5,

w th mniml chan t he basest.ock lca oper.ties, a 13% decrease
in MRV was ac‘fﬁ“ég/g%&w #ﬁ’t a‘gfpg%nﬁfglfedHﬁ&yﬁﬁeagoﬁ Bﬁﬁaﬁﬁm fq‘? the Catalyst C.
Wi le an MRV hﬁb@é@&iﬁ%(%@%ﬁ@%&%ﬁb@@ whPRIAMRY a bPBhQYSITBIOLK hsd SI 1 ghtly less
than that obtal ned in anple 3 using Catalyst B in the HDWnode at the
sanme appr oxi netrerepiiedal atidisives including a detergent/inhibitor, a viscosity index improver,

and a pour point depressant to formulate a SW-30 PCMO, which was then tested

for cold flow testing including MRV. The results from the MRV testing on the

formulated engine oils are included in Table 5.

TABLE 5
HDW Basestock Properties (Catalyst C)

Physical Property Feed H?g: tf;;;stt:oik
370°C+ Yield, % on SDW feed 97.5 92.8
Kinematic Viscosity at 40°C, ¢St 233 23.8
Kinematic Viscosity at 100°C, ¢St 4.6 4.7

Viscosity Index 114 113

Pour Point (ISL), °C -18 -20

UV Total Aromatics , mmol/kg 185 | 204

Saybolt Color - >+30 | 16

GCD Noack Volatility, wt.% | 152 15.1

MRYV (formulated 5W30 engine oil), cP | 36,211 31,400 ]

[0055]  As seen in Table 5, with minimal changes to the basestock physical
properties, a 13% decrease in MRV was achieved with a 4.7% yield in mild trim-
HDW with the Catalyst C. While an MRV improvement was observed, the MRV
improvement is slightly less than that obtained in Example 3 using Catalyst B in the

HDW mode at the same approximate yield loss.



wo 2006/ 055500 PCT/ US2005/ 041207 -28- Exanple 5 Hydrodewaxi ne Using
Catal yst A [0056] This exanple illustrates the inprovenent in

| owt enmper roperties achievabl e by hydrodewaxi ng - xed
feed at m I%&cfj’l?:@ﬁ/ﬁ?:‘f‘l bns with Catal yst A A greater inpr%&g‘ﬁlé%ﬁﬁgf(ﬁqﬁ%v

tenperature performance i s observed wusing bifunctional Catalyst A conpared
to the inprovenents obtained using Catalysts B and C in the hydrodewaxi ng
step. [0057] The effectiveness of the present invention using Catalyst A was
eval uated using the operating procedure described in Exanple 2 at the
followng conditions: a reactor tenper aé%re rangi ng from about 270C to
about 345C, a total pressure of about 17000 psig (6,996 kPa), liquid rate =
about 10 cnB/hr, H2 <circulation rate of about 2,500 scf/bbl (445 nB8/nB),
and LHSV of about 1 hr"'. The results are sunmarized in the Figure. [0058]
The results cBXmplSd in the Fi gure denonstrate that the 370C+ conversion
of the sol venlgI ) xedif d St to increase with increasing reactor

t enper at ures. than 10 wt % could be achieved at a
tenperature range of 270C to 310C. It is highly desirable to inprove
basestock properties while maxi m zing Tube yield. At mld process

condi tions (pi08%dss Thisenampdet Blusiraiés he @@provementipdovwdemperstuteuropartics ng oi |

et onk, i % S35 BB ST 12,
ly 3% b t Lid ' it
o2 AP g e b oMo Y

catal yst for Jd/biemulidial CatalyseAadthparednakhe lagneddrhertts obtdiedased; ar omati cs
saturation, and, conseguently fewer aromatics in the
Catalysts B and C in the hydrodewaxing step.

[0057] The effectiveness of the present invention nsing Catalyst A was
evaluated using the operating procedure described in Example 2 at the following
conditions: a reactor temperature ranging from about 270°C to about 345°C, a total
pressure of about 1,000 psig (6,996 kPa), liquid rate = about 10 cm’/hr, H,
circulation rate of about 2,500 sct/bbl (445 m3/m3), and LHSV of about 1 hr'!, The

results are summarized in the Figure.

[0058]  The results contained in the Figure demonstrate that the 370°C+
conversion of the solvent dewaxed feed was seen to increase with increasing
reactor temperatures. A low yield loss (less than 10 wt.%) could be achieved at a
temperature range of 270°C to 310°C. It is highly desirable to improve basestock
properties while maximizing lube yield. At mild process conditions (process
temperature of 290°C), the hydrodewaxed lubricating oil basestock, showed a
marginal decrease in pour point from -18°C to -19°C, compared to the solvent
dewaxed feed, while 370°C+ product yield loss was only 3%, based on the solvent
dewaxed feed. In addition, the viscosity index ("VI") and viscosity remained
nearly unchanged. Using a bifunctional catalyst for HDW results in the additional

benefit of increased aromatics saturation, and , consequently, fewer aromatics in the



WD 21106/ 1155500 PCT/ US21105/ 041207 -29 resulting basestock. For exanpl e,
the aromatics content of the HDWproduct is essentially zero. H gh saturate
content, i ated aromatics, in the |ube product proyides. better

oxi dati on ﬁ%ﬁ‘?‘ﬁ"%&and i ncreases the value of the tube 0T$¥’Bg€'8§?ﬂ%'w.

Tabl e 6 sunmari zes the physical properties of the |ube fraction of the
product with the highest 370C+ yield. A portion of the HDW basestock (the
first basestock) obtained fromthe hydrodewaxi ng was added to a second
basest ock and conventional additives including a detergent/inhibitor, a
viscosity index inprover, and a pour pqi,at depressant to fornmul ate a 5W30
PCMO, which was then tested for cold fl'6W testing including mni rotary

vi sconeter (MRV) and cold cracking sinulator (CCS). The results fromthe
cold flow testing are included in Table 6. _TABLE 6 HDW Basestock Properties
(Catal yst A) lpﬁ;lgn&basew%eﬁwxmﬂ@, thpnreastisstesatent oEhedPIY predugtzioc+ i el d,
% on SDW feed 97.5,94. 6 I,nematj c Viscaosity a 0C, ¢St .23. 3.7

G nemat | G v SESSITBYY 46r0- SEBESaale optied 33 Splostppafict s Bieiyo wipaps

Poi nt (I SL), froviliSs betdr okiNatic Mbily UMBlihGease SR Vdtud 8f e QubeSslY BRckioe! or >
+30 >+30 Noack Volatility, w. % 15.2 15.3 CCS (fornul ated 5WB0 engi ne
0i l), cP 5790I'4180 suviReti{cs chaphyaicatiprepdnice nfjihedube fipcti@PoBhe DiddurdOwsR4

the highest 370°C+ yield. A portion of the HDW basestock (the first basestock)
obtained from the hydrodewaxing was added to a second basestock and
conventional additives including a detergent/inhibitor, a viscosity index improver,
and a pour point depressant to formulate a 5W-30 PCMO, which was then tested
for cold flow testing including mini rotary viscometer (MRV) and cold cracking

simulator (CCS). The results from the cold flow testing are incluzded in Table 6.

TABLE 6
HDW Basestock Properties (Catalyst A)

Physical Property Feed H?(?th& iisg)d(
370°C+ Yield, % on SDW feed 97.5 94.6
Kinematic Viscosity at 40°C, ¢St 233 23.7
Kinematic Viscosity at 100°C, ¢St 4.6 4.7
Viscosity Index 114 113

Pour Point {ISL), °C -18 -19

UV Total Aromatics, mmol/kg 18.5 0 B
Saybolt Color > +3() >+30

GCD Noack Volaulity, wt.% 15.2 15.3

CCS (formulated SW30 engine oil), cP 5790 5180
MRYV (formulated 5W30 engine oil), cP | 36,211 19,624

[0059)  As summarized in Table 6, minimal changes to basestock physical
properties {viscosity, VI, pour point, volatility) were observed. However, a 46%

decrease in MRV and an 11% decrease in CCS were obtained with less than 3%



[0059) As summarized in Table 6, mninmal changes to basestock physical
properties (viscosity, VI, pour point, volatility) were observed. However,
46% decr bdhos and an 11% decrease in CCS were obt SS than
S VD DL Lo e IR0 5 141307 - 36 yi el d o Pl b P

Catal yst A. As noted above, the aromatic saturation benefit of using the
Catalyst Ain a HDWnode is clearly reflected by the negligible aromatics
content of the hydrodewaxed product. The MRV inprovenent and yield |oss
associated wth the HDWover Catalyst A are superior to the inprovenents
observed in Exanple 3 where Catal yst B wgg. enpl oyed in the HDWsetup as
denonstrated by the 46% MRV i nprovenent with <3%yield | oss. [00601 13C NWR
was used to show that m | d hydrodewaxi ng i sonerizes the trace paraffins

that i [ f d d
basest ocks ¢ Sogt 56Y iALRE ol Chabysf i AT RebRE e Ghorbiic B iy ne o1
cold flow prpaffit bPlsing#X Eathl fst ANinl GIDW hioge t@eaieakgﬁeﬁéﬁedgﬂﬁets of the feed.
versus HDW basestock. TABLE 7 13C NVMR Data of Hydrodewaxe

Basest ock( Canhegligiitle AjomaiR dutntesiti o£the ity dFedewakddprBdsas The MRY Cat al yst A
Epsi |l on Carbons, nol e% 13. 66 13.04 To G oups, nmole %6.25 6.53
Pendant Met hifRPreyemgas angpyiglddpss qseoos,ats‘%m%h nﬁﬁ% OFRG Halyst AVBICIREHOTL . 97

2.03 Carb Ontowg?ﬁﬁro%@mené otRerve H?EEQQBBE% \lvﬁ'é}géaealg’slc B4w932employed in the

HDW setup as demonstrated by the 46% MRV improvement with <3% yield loss.

{0060} 3C NMR was used to show that mild hydrodewaxing isomerizes the
trace paraffins that impair the low temperature, low-shear properties of solvent-
dewaxed basestocks to provide exceptional improvements to formulated engine o1l
cold flow properties. Table 7 highlights the key "C NMR results of the feed versus
HDW basestock.

TABLE 7
B NMR Data of Hydrodewaxed Basestock(Catalyst A)

NMR Measurement Feed HDW Basestock
(Catalyst A)

Epsilon Carbons, mole% 13.66 13.04
Total Pendant Groups, mole % 6.25 6.58
Pendant Methyl Groups, mole % 5.00 5.30

No. Side Chains / Molecule 1.97 2.03
Carbon Number 36.7 36.5

Free Carbon Index 4.31 4.02

{0061} Increases in the mole percent of total pendant groups, mole percent of
pendant methy! groups, and number of side chains and the decrease observed in the
mole percent of epsilon carbons and free carbon index all indicate that increased

"branchiness" of lube molecules, likely due to isomerization, has occurred. No



100611 Increases in the nole percent of total pendant groups, nole percent
of pendant nethyl groups, and nunber of side chains and the decrease

observed i h nD. percent of epsilon carbons and free Ny al |
i.ndi cate tﬁ%ézﬁﬁé?ﬁgged "branchi ness" of | ube nDIecuIes,Pﬁﬁbgﬁgwgﬁgﬁ?o

i somerization, has occurred. No WO 2 0 0610 5 5 5M PCTI US20051041207 -31
significant changes in carbon nunber (CN) were observed. The trends shown in
Table 7 indicate that isomerization is |ikely the key nechani sm behind the
extensive i nprovenent observed in engine oil |ow tenperature properties
using Catalyst A in a hydrodewaxing, as_?gposed to the trends in Table 4
which indicate that cracking is the likely the key nmechani sm behind the 17%
i nprovenent in MRV when Catalyst B is used. [0062] Thus, the results

contained in Tables 1-7 indicate that t er f or manc Catal yst B in the

hydr odewaxi ngS1gRigigant; fémagﬁsuwmmb%?@? E‘;‘&fea‘?lvg‘f"e% ﬂ“’l’“ﬁ@@éh{’wﬂ% results
al so denonstr : . > I Lenptd cantly better
that both Cat gﬁhg%?}s]ﬂ C%E%&@éé%&?imiﬁ%ﬁgk uckgg “ﬁ%@g%ﬁf ﬁ’il!‘ltﬂr%fﬂ’leyi el ds hi gher

than those obgaémyedt Mproednient Gbseivid irberfgimn6ll low BRiftavat piapenties ubingA al so
produced a product having superior |ow tegq*i)ler ature pr ?@ertl es such as CCS
and MRV when Caalyat Adntad euvaxang; as oppaseld teibie trends mHlebledwhichdedis®e usi ng

Catalysts B and C.  Further, conpared with.Catal. talyst B.resulted in
o higher 370BH FRURIBELs Hr UKED BeLoymes it pal e 1B ISBiR ¢ ar get
whi ch i ndi cafs@ds m@g C%?ﬂr%éttﬁisatfsie& function al one was not sufficient to
achi eve the increase I nprovenent observed with Catal yst A Exanple 6
Properties of the Second Basestock [0063] A second basestock was used with
the first basestock to nake the 5W30 . o
* [0062)  Thus, the results contained in Tables 1-7 indicate that the performance of

Catalyst B in the hydrodewaxing stage 1s an improvement over Catalyst C.

However, the results also demonstrate that Catalyst A nnexpectedly performs

significantly better that both Catalysts B and C. Catalyst A produced a product in

yields higher than those obtained by using Catalysts B and C. HDW over Catalyst

A also produced a product having superior low temperature properties such as CCS

and MRV when compared to the products produced from the HDW processes using

Catalysts B and C. Further, compared with Catalyst A, Catalyst B resulted n a

higher 370°C+ product yield loss at an equivalent lube pour point target which

indicated that zeolite acid function alone was not sufficient to achieve the increased

improvement observed with Catalyst A.

Example 6
Properties of the Second Basestock

[0063] A second basestock was used with the first basestock to make the SW-30
PCMOs in examples 3, 4, and 5. A major amount of the first basestock was used
with a minor amount of the second basestock, in order to achieve the desired

properties in the finished oil. Second basestock properties are set out in Table 8.



PCMOs in exanples 3, 4, and 5. A mgjor anount of the first basestock was
used wth a mnor anount of the second basestock, in order to achieve the
desired p &syl N the finished oil. Second basest oc 4 are set
out in Tabl“gp%ﬁ'&,{’/\%%%ll\/l | 0555041 PMJUS20051041207 - 32 TAEEEY%E%H/{E?%;I |
Property Second Basestock Kinematic Viscosity at 100C, ¢St About 5.8 to
About 6.2 Viscosity Index About 113 to About 119 Pour Point (ISL), C About
-18 GCD Noack Volatility, wt.% About 9 Exanple 7 Conparative Exanpl es
10064] The sanples were prepared by separating three portions of the
raffinate of Exanple 2 for hydrodewaxi ngp_using Catal yst A. The first
portion was hydrotreated to achieve a pour point of 30C in the HDW product,
the second to 5C, and the third to -6C . Each hydrodewaxed product was then-
sol vent dewaxed to make a basestock djtp’l lg;lspour point simlar to the pour
points of the first basestock of Exampres=—s, 4, and 5 (i.e., in the range
of about -1 VC to about -20C), and |dent|f|ed as third, fourth, and fifth
basest ock respectively. 100651 Three lubricating oil sarml es were prepared,
identified ag Conpar ®hiyvieal Fioperty Conpar ati ve OSecand Bdedtockarativg O 3.
Conparative ( "m@m&‘kﬁﬁ\fﬂ’é’&&y@lmﬁ@d@ﬂw the thi r dpBaceske Aboupsine sedond

basest ock andyApIYENEINal addi TTVes T etudi ngy, 2 qus ergey

| prtar, a
L 09 RSt Y hpe

Vi scosity inde and otmt—-—dadepFessant St rtatd a 5W 30
PCMVO, Whiych \,E@“}Eﬁ‘ﬁha ng tn?—Pim U. sé wujlp Corfp X ;[ e Ols 2 4d4nd 3
were made in | &GP Noeek Velatilith - %usi ng_t h About 9

Example 7

Comparative Examples

[0064) The samples were prepared by separating three portions of the raffinate
of Example 2 for hydrodewaxing using Catalyst A. The first portion was

. hydrotreated to achieve a pour point of 30°C in the HDW product, the second to
5°C, and the third to -6°C . Each hydrodewaxed product was then solvent dewaxed
to make a basestock with a pour point similar to the pour points of the first
basestock of Examples 3, 4, and 5 (i.e., in the range of about -18°C to about -20°C),

and identified as third, fourth, and fifth basestock respectively.

[0065}]  Three lubricating oil samples were prepared, identified as Comparative
Oil 1, Comparative Oil 2, and Comparative Oil 3. Comparative Oil 1 was made by
adding the third basestock to the second basestock and conventional additives
including a detergent/inhibitor, a viscosity index improver, and a pour point
depressant, to formulate a SW-30 PCMO, which was then tested for MRV
viscosity. Comparative Qils 2 and 3 were made in a similar way, but using the

fourth and fifth basestocks respectively. MRV results are set out in Table 9.



fourth and fifth basestocks respectively. MRV results are set out in Table
9. WD 2006/ 055500 PCT/ US2005/ 041207 -33 TABLE 9 5W 30 Conparative Q| |
Conmparative O | 2 Conparative Gl 3 PCMO MRV cP About 100,000 About 100, 000
About 90, OB 21"68%84° 1t is clear fromTable 9 that when tH/¥$P8492est ock
is made by hydrodewaxing followed by sol vent dewaxing, the finished oil's
MRV is not r inproved to the extent that is obtained when the first
basestock is made by sol vent dewaxing foll owed by hydrodewaxi ng. -34-
Claims 1. A process to prepare |ube basestocks fromlube oil boiling range
feedstreans conprising: a) solvent demg%ing a lube oil boiling range
feedstreamin a solvent dewaxi ng stage “Operated under effective sol vent
dewaxi ng conditions thereby producing at least a partially dewaxed
fraction; and b) contacting said partially dewaxed fraction with a

hydr odewaxi ng catalyst in the presendABMER hydrogen-containing treat gas
in a reaction stage operated under effective hydrodewaxing conditions

i ncludi ng tenperatures of from 200C to 350C, pressures of from2,860 to

20, 786 kPa ({0 ) ivel € T 0 Al Vel : rpm 0. 1
to 10 hr"j, an%gggogg?oﬁgg%mga%ﬂ?a es o?g%gﬁ??ggoﬁ n%ﬁir??a?é%‘o% ??3; 000
SCF H2B), tpeteby ddeih +-eact ptodt £

(=N A oo H » riloi e o Janet a
gaseous prod JMRY (g frﬂuffﬁ;b%%&m@w _ bnefboyt 109, L&:Lﬂ:glﬁﬁﬁg@@aﬁises a

A L b
| ube basest ock.

[0066] It is clear from Table 9 that when the first basestock is made by
hydrodewaxing followed by solvent dewaxing, the finished oil's MRV is not
improved to the extent that is obtained when the first basestock is made by solvent

dewaxing followed by hydrodewaxing.



2. A nethod for making lubricating oil, conprising adding to a first
basestock at | east a second basestock and at | east one additive, the second
base stock being different fromthe first basestock, wherein the first base
stock is a | ube basestock produced by-#he process of claimi1. 3. The
process according to claiml or 2, wherein said lubricating oil feedstream
has a 10%distillation point greater t han 650F (343C), neasured by ASTM D
86 or ASTM 2887, and are derived from m neral sources, synthetic sources,

or a m xtleinf the two. 4. The process according to any preceding claim
wherein said lubricating oil feedstream is selected fromthose derived from
sources such as oils derived fromsolvent refining processes such as

raf finat es,!- Paesess [y prspre dithe basentocks froim kibe gd dophng rengr edstreanissti | | at es,
vacuum gas coimpgsingoker gas oils, slack waxes, foots oils and the |ike,
dewaxed oils, and Fischer-Tropsch waxes. 5. The process according to any
precedl ng & acbmm/@ecvamg%aulsb élub@nlﬁgw@g teddstréRe US4 EQAL d%%&ﬁa@@ﬁa up to 0.2

- % of nit ?e@un'aéls@f?ec%efs @eﬂtl&*@% E cBSdiflbhs eedst?gcﬁnﬁl@énga#he AP 10 3.0

vvt % of suI r| catl ol | process
accordi ng 3 Hfall lag?’gc% %% @r ai mwherel n sai d hydrodewaxi ng catalyst is

sel ected from ZSM 5, SM 2 ZSM 35, ZSM 48, ZSM 57, Beta, SSZ-31,
SAPO- 11, SAD G?@icmgxﬁﬂé pertallyonered fipetionyoith o hygradgwaxing eatalist in the
si |i ca- al uresance qfiafidregen- cmamag HEWlrgan i 2 spatiorestage oparateénidersfTeMivedeni t e,
O fretite, hdicdrivaxing Chaditions includmgdempethtressofitften 200°Qtoddi0°€f fresdurasaf
catal yti c deaa2j86Q te 20,086 kBanet00-t33;000.psi) diquidhenty arcoveobigies 6f o 0.1
precedi ng ab a0 mWhad eyirogah thediypds RdevEDENG 306 nelnE tsoofystdverscpppm)ses at
| east one. V{Eéré% aﬁagg R3édcAbn PRITREN@MprisHY & ledsBa 82166 HidahRl 1 gafaup Vi
metals, G Qi * WhefEh Shidti deaﬂ?g&]l‘;]d{ 5th h?&rael%e b%estﬁ@l? process according to
any pr ecedi ng c alm wherei dr ogewam ng catalyst conprises a zeolite
sel ected fr OT met oé §or r%z?ck lzub%rt]:gtngswi comprising adding to a first basestock at least a

second basestock and at least one additive, the second base stock being different from the

first basestock, wherein the first base stock is a lube basestock produced by the process of

claim 1.

3. The process according to claim 1 or 2, wherein said lubricating oil feedstream has a
10% distillation point greater than 650°F (343°C), measured by ASTM D 86 or ASTM
2887, and are derived from mineral sources, synthetic sources, or a mixture of the two.

4. The process according to any preceding claim, wherein said lubricating oil feedstream
is selected 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, and
Fischer-Tropsch waxes.

5. The process according to any preceding claim wherein said lubricating oil feedstream
contains up to 0.2 wt.% of nitrogen, based on the lubricating oil feedstream, and up to 3.0
wi.% of sulfur, based on the lubricating oil feedstream.

6. The process according to any preceding claim wherein said hydrodewaxing 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, Erionite, Chabazite,
and mixtures thereof under effective catalytic dewaxing conditions.



9. The process according to any precedi ng claimwherein said hydrodewaxi ng
catalyst further conprises a binder nmaterial selected frominorganic oxides
such as silica, alumna, silica-alum nas, binary conbinations of silicas
with other netal oxides such as titam®, nmgnesia, thoria, zirconia and the
like and tertiary conbinations of these oxides such as

sil'i ca-al um nge fnkb‘ééésaac@é}gl b lafi @ h&%f@lam%ﬁﬁél sai d Hg R)Elg {atccor di ng
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a lube basestock 1s fractionated to produce at least two lube basestocks.

12. The process according to any preceding claim wherein said process further
comprises: a) contacting a lube oil boiling range feedstream in the presence of a
hydrogen-containing treat gas with a hydroprocessing catalyst in a hydroprocessing
reaction stage operated under effective hydroprocessing conditions thereby producing a
hydroprocessed reaction product comprising a hydroprocessing stage gaseous product
and a hydroprocessing stage liquid product comprising a hydroprocessed Iube oil
product; and b) conducting said hydroprocessed reaction product to said selvent
dewaxing stage.

13. The process according to any preceding claim wherein said hydroprocessing catalyst
and said effective hydroprocessing conditions are selected to achieve the hydrocracking
of the lube oil boiling range feedstream; hydroireating of the lube oil boiling range
feedstream to remove heteroatoms; hydrogenation of aromatics in the lube oil boiling
range feedstream; the hydroisomerization of the lube oil boiling range feedstream; and/or
catalytic dewaxing of the lube oil boiling range feedstream.

14. The process according to any preceding claim wherein said process further
comprises: &) separating said hydroprocessed reaction product into at least said
hydroprocessing stage gaseous product and said hydroprocessing stage liquid comprising
lube oil product; and b) conducting said hydroprocessed liquid product to said solvent
dewaxing stage.

15. The process according to any preceding claim wherein said process further
comprises: a) solvent extracting said lube oil boiling range feedstream in a solvent



14. The process according to any preceding claimwherein said process
further conprises: a) separating said hydroprocessed reaction product into
at |east said hydroprocessing stage gaseous product and said

hydr opr ocessi ng stage |iquid conprisinge- | ube oil product; and b) conducting
sai d hydroprocessed |liquid product to said solvent dewaxing stage. 15. The
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The net hod s%ive l(gé‘g&)% further conprising hydrotreating the raffinate
before sol'ven evvam%ig. 17. The lubricating oil produced by the nmethod of

claim?2. 18,_The t hod of cl ai , Wwherei e first basestock has a
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viscosity being nmeasured at about 100C. 19. The nethod of claim2, wherein

t he | ubri cat§.Ade adthdrhef daiporwhpoeinthofirst bassstotiahassbkinematCyisenditafeshan ess
t han about {Bat &fRe sdond basestock, the kinematic viscosity being measured at about 100°C.

19. The method of claim 2, wherein the lubricating oil has a pour point of less than about
0°C and an MRYV less than about 75,000 cP.



