LUBE BASESTOCK W TH | MPROVEDLOW TEMPERATUREPROPERTI ES FI ELD OF THE

| NVENTI ON [ 0001] This invention relates to base stocks and base oils with
I mpr oved wowodeaispen at ure properties and formnul ated | ubr ipcaruS2@smpPns9 t i ons
or functional fluids created by bl ending at | east one such | ube basestock
with at | east one conponent selected from di spersants, detergents, wear

i nhi bitors, antioxidants, rust inhibitorls, demulsifiers, extrene pressure
agents, friction nodifiers, multifunction additives, viscosity index

i nprovers, pollUROBASESEPCESSEH EVIPROVEDJaoW TEMPERNTURFEAREERRUNIXOF THE

| NVENTI ON [ 0002] Historically, lubricating oil products for use in many
applications have used additives to inpart specific properties to the
finished oj!s to augn?nt t he Eroperties of the basestocks used to prepare
the fini shédk : IQKe advent of nore dermandi ng test requirenents,
t he performance requirenents for the basestocks thensel ves have increased.
The Ameri can[@@AT]ol edinid nstentionerelaes Yo befd siockomandfbaae Giloupith lintpreesd ock

is one that has a saturates content of at |east 90%. a sul fur content of
0.03 wt. % or l9Wsdemperafirg; EORFHAPS| @adx townylagsd WBbRICaRt HAUMAYVLIORE NPT ar | v,

the APl definition a, Goup .lJl1,basestock is one th a sat ur.at es
content of atuiufibe Gufis ety vRINEE A e Coda ua e Ple 0SB i of
viscosi ty i ngex; ofhelafinMinddi &Ri&%ed Gbih Ellbpetsaritb Chbtel sents, (W ERirHibEHSR, | ube
oi| market to use increasing amounts of Group Il and 111 basestocks to
repl ace the anddiidaoralhst nhebitésspueniuldifisss texticsnd pressaier agentoE tictidre
demand for higher quality finished |ubricants and neet nore stringent

requi r enent s mashfiprgpriovkbidunsiiont dddbtivgsabyib¢@syty index improvers, pour point

depressants, and foam inhibitors.

BACKGROUND OF THE INVENTION

[0002] Historically, lubricating oil products for use in many applications
have used additives to impart specific properties to the finished oils to
augment the properties of the basestocks used to prepare the finished
products. With the advent of more demanding test requirements, the
performance requirements for the basestocks themselves have increased. The
American Petroleum Institute (API) definition of a Group II basestock is one
that has a saturates content of at least 90%, a sulfur content of 0.03 wt.% or
less and a viscosity index (VI) between 80 and 120. Similarly, the API
definition of a Group III basestock is one that has a saturates content of at
least 90%, a sulfur content of 0.03 wt% or less, and a viscosity index of 120 or
greater. Currently, there is a trend in the lube oil market to use increasing
amounts of Group II and III basestocks to replace the traditionally used Group
I basestocks in order to meet the demand for higher quality finished lubricants
and meet more stringent requirements for improved oxidative stability,
reduced deposits, reduced evaporative emissions, superior low temperature
performance, controlled wear performance, improved fuel economy, and

compatibility with aftertreatment devices.



reduced deposits, reduced evaporative em ssions, superior |ow tenperature
performance, controlled wear performance, inproved fuel econony, and
conpat i biwotagooissdviaf t ertreat nent devices.- ? - [0003] Whrhs26s50um19! and
G oup Il basestocks provide sone of the attributes desired, further
i nprovenents in many properties, particularly | ow tenperature quality, as
wel | as conbi nations of properties, suctas superior |ow tenperature
fluidity at | ow product volatility, continue to challenge the industry.
Benefits in basestock | ow tenperature performance woul d be beneficial for a
wi de range of fornulated lubricants and woul d be particul arly advant ageous
for passenged0083i cl eVhilanticaee 1biand, Gaoup ik besestarks mprogiden sémgi df the
aut onotive gear. oils hléar?ul ic fluids, and commercial vehicle crankcase

u

oi I's. [0004] a@hutcsHsst WRRTAMBrQVIHEnts e RIA8Y KECRFICHRE S8 vhisve

historically ntrolled [ r.t asur enmen uch _as_pour
poi nt measur égﬁggratﬁﬁg ci)lgashé ,t%sgﬁx':'erﬂg%%g)%ﬁbﬁgaﬁpog}s %%E%Heggeesg%&gl? a%osrﬂ?(gg?{i on.
However, smalibwa@ifur flufditdddloweprodByt PofatilitPacntinle SoitalcREOREE t Y
measur enent and thus, small anmounts of residual wax may go undet ected

t hrough thi s indastyysi sBeifdfits smidakesaoakuidwottempsratwal pevdarmiramse wasuld dises
negatively inpact performance and can lead to issues such as crankcase oil
gel ling and Ibsssfigipl forg widgrangsef{ormylaied bryiceats and wosldsbe partianlarhn | ead

i d .. He t he M ni - Rot. Vi t { t .
bt bl T hed BV EHAERLE g PReER B SR SRRSO S0 AU RIS DapBRIRAR ¢ est
t iR, et i.et y:10f " i j.ne =
Vi obosity G ARIGE] alorldlf U BiI0! HOUHAITR) | NEaE UrRC St efigfe
crankcase oils.

[0004] Low temperature quality for basestocks and base oils have
historically been conirolled using bulk property measurements such as pour
point measured on the basestock, base oils, or formulated oil 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 analysis. This small amount of residual wax, however, does
negatively impact performance and can lead to issues such as crankcase oil
gelling and loss of fluidity. Operating an engine in this scenario can lead to
engine damage. Hence, the Mini-Rotary Viscometer (MRV) test was
established to protect engines under cold weather conditions. The MRV test
temperature is set by the Society of Automotive Engineers (SAE) J-300

Viscosity Classification system for each multigrade engine oil grade.

[0005] To improve the low temperature performance as measured by the
MRYV or other tests sensitive to very small amounts of residual wax, refineries
utilitizing solvent dewaxing can dewax to lower pour points. While this can
be somewhat effective, it may not be as effective as needed. Catalytic

dewaxing, a relatively newer processing approach, is often more effective



[ 0005] To inprove the | ow tenperature perfornmance as neasured by the MRV or
other tests sensitive to very small anpunts of residual wax, refineries
utilitiziwg2ea@loseqt dewaxi ng can dewax to | ower pour poiporaiS20BiokBa1¢ hi s can
be somewhat effective, it may not be as effective as needed. Catal ytic
dewaxi ng, a relatively newer processing approach, is often nore

ef fectivet han sol vent dewaxi ng, especialdy for the |ight and medi um neutral
stocks. However, many existing refineries in operation today utilize

sol vent dewaxhaigselRkiit dedasing)aksphdniey dor ahe tiht aanall irrldhanf ggutedtsedakisi C
dewaxi ng which often requires si t%ni ficant quantities of hydrogen provided
at hi gh presslgeever00esy easstingeetsemendinf eperguian itedayf witlmg sl eent| devraixoamt
oils continues,to increasge, the search fqr hetter basestocks oduced from
new and di ff@eléh?nﬁbrd&c@@fsﬁéye ee{?%at%@geﬂaiﬂa PheafPdIc doupEng ‘%‘&?‘ e bi ¢

i nproved qual_j r : L t1 Vi . Wi 1S a
conti nuous, (%é\dg%{e%gg%lﬁglrc E‘:n?ﬂ; ! ﬁgggg g&g%bgt%g@rr}es%&séd%?ﬁl d&ilegsl%lﬁé | ube oil

mar ket to provide | ube basestocks, that when formulated into a finished

oil, can help to neet the demand for inproved |ow tenperature properties.
SUMWARY COF THHOGIVENAOrhg defidhd Thi sjuahitye fivinmnlatedl hibeicaho ollaseatingdsstov t h
superior low tenperature properties and fornul ated | ubricant conpositions
or functi onalngrpaged $he seatchgiasybasics haspyjosks peedicednisomypew) urb dferest ock

with at |east_one co ent selected from di rsant.s,. detergents, wear
nhi bi tors,  RRTORaARETS PuEtd FRRNGE P ey Bl SPBE iwpragd B, S o
agents, frichbaBrRetd e i uned i agldi,t j LSERS! [Nal )
i nprovers, p?&ﬁepm ntéc (ileprglslrsqfablrtllzvs],cy %ﬁ% }?%Igmg%jr?h?%??lgro\sﬁ?’ Fgf’ig%]}g Fﬂé}‘éﬁe
particul ar tHHhersfeentthere ised ateb it thealwhevai adatkebeo pasddt dgke basestocks,

that when formulated into a finished oil, can help to meet the demand for

improved low temperature properties.

SUMMARY OF THE INVENTION

[0007] This invention relates to basestocks with superior low temperature
properties and formulated lubricant compositions or functional fluids created
by blending at least one such lube basestock with at least one component
selected from dispersants, detergents, wear inhibitors, antioxidants, rust
inhibitors, demulsifiers, extreme pressure agents, friction modifiers,
multifunction additives, viscosity index improvers, pour point depressants,

and foam inhibitors.

[0008] In particular the invention relates to a dewaxed lube basestock
having a Free Carbon Index of less than 4.3 and an Epsilon Carbon mole% of
less than 14%. In other embodiments it relates to dewaxed lube basestocks
having a Free Carbon Index of less than 4.3 and an Epsilon Carbon mole% of
less than 14% or a dewaxed lube basestock having a Free Carbon Index of
less than 4.3 and an Epsilon Carbon mole% of less than 14%, or a dewaxed

lube basestock wherein the Pour Point is between -6 °C and -30 °C.



having a Free Carbon Index of |less than 4.3 and an Epsil on Carbon nol e% of

| ess than 14% In other enbodinments it relates to dewaxed | ube basestocks
havi ng a wWoeeodasdwon | ndex of |ess than 4.3 and an Epsi lpom/uSasosomin®l e% of

| ess than 14% or a dewaxed | ube basestock having a Free Carbon I ndex of

| ess than 4.3 and an Epsilon Carbon nol e% of |ess than 14% or a dewaxed

| ube basestock wherein the Pour Point is*between -6 0C and -30 0C.- A
[0009] In other enbodinents the | ube basestock is prepared by a process
conprising a. solvent dewaxing a |ube oil boiling range feedstreamin a

sol vent dewaxi ng stage operated under effective solvent dewaxing conditions

thereby prodyggemy at pneghbr @mB@HﬁhertE ghﬁws%eéf@ﬁtiggag%%%ggtbg}ian ggc;;&ee%“ ng

said partially dewaxed fraction w ydr odewaxi ng

presence of aompdisagencontaining treat gas in a reaction stage operated

under effective hydrodewaxing conditions thereby producing a reaction

product conprising at [sekent glayaxdngsa plubdueil beiding gange fewslitream wheaz ei n
[ ewaxed. | ube bgﬁqecét ock. In_other

idliquid duct co ises . a d )
embodi ment s Sai d hydr odOWSRE ngeWAKIE, ti288 SRMAk e Rdesm FEviiss seliens.

ZSM 23, ZSM 35, ZSIVI-48,de%§I)\\/{ gt fnsS -r%%y %ﬁg{gf ﬁ(fe%tgéaa p?ﬁlioﬁgf};gl,

MAPO-I | , ECR-42, fluorided-alumna, silica-a

al um na, synthetic Ferrdegnakt@$sachbndamdte, O fretite, Erionite, Chabazite,

and m xtures thereof under

b. contacting said partially dewaxed fraction with 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 at least a gaseous product and liquid product,
wherein said liquid product comprises a dewaxed lube
basestock. In other embodiments 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.

[0010] In yet other embodiments said hydrodewaxing catalyst comprises a
zeolite selected from ZSM-48, ZSM-22 and ZSM-23. In yet other
embodiments said hydrodewaxing catalyst further comprises at least one
metal hydrogenation component, which is selected from Group VI metals,
Group VIII metals, or mixtures thereof and contains at least one Group VIII

noble metal.



effective catal ytic dewaxing conditions. [0010] In yet other enbodi nents
sai d hydrodewaxi ng catal yst conprises a zeolite selected from ZSM 48,

ZSM 22 amio28M/@30011 n yet ot her enbodi ments said hydr odecarise@soaiiad yst
further conprises at |east one netal hydrogenati on conponent, which is
selected fromGoup VI netals, Goup VIII nmetals, or m xtures thereof and
contains at |east one Group VIII noble rietal.[0011] O her enbodi ments of
the invention relate to a fornmulated oil conprising: a . a major anmount of
at | east one[@@lixed Othbe dmiseditratks af ctedinvgntion tfegatenbogdi fentusatd@seit i bed
above and , b. at | east one conponent selected fromdi spersants,

det ergents, WEHIPTISHKE 'bitors, antioxidants, rust inhibitors, denulsifiers,

extreme pressure agents, friction npdifiers, multifunctiogn additives,
viscosity index inprovér @aJBBU?mBBPhtO’{iélbr S, ‘i:?ﬁ‘@xfi“gaiﬁatienfhaﬁ?%tﬁﬁl‘é.

[0012] O her enbodi nmen WaTa {: I b..ac [ t he above
enbodi nents wherein Sa%?%ﬂgé#é:g?gﬁ&ﬁlg@@%#meskgﬁgggb@?%%g%t er viscosity
from about 10,000 cPyt Qt dbyitoRO cBpotbat KlebRd BoM WispRRantsy MiSGRARL er
viscosity from about 10,000 cP to about 25,000 cP, or has a Mni Rotary

Vi sconet er viscosity fmearabolbitdfs, 0@fticHdantsaboust 20hiBA6rs¢ Pdeinlifgrsl n yet
ot her enbodi nents the invention relates to an engine oi|l conprising: a) at
| east 60 % by wei ght ofXURECt RISFSWEBMBEENtEI olficHon, Wediiesy Impkbifpaséen ock

having a Free Carbon | Qggffiv%fs, IflggOrQl%/ i?ldtC)(() ilﬁp?’ovae?g, paorlllr%r())ﬁlltlcperﬁressants, and

foam inhibitors.

[0012] Other embodiments include an engine oil according to the above
embodiments wherein said engine oil has a Mini Rotary Viscometer viscosity
from about 10,000 cP to about 30,000 cP, or has a Mini Rotary Viscometer
viscosity from about 10,000 cP to about 25,000 cP, or has a Mini Rotary
Viscometer viscosity from about 12,000 cP to about 20,000 cP.

[0013] In yet other embodiments the invention relates to an engine oil

comprising:

a) at least 60 % by weight of the total composition of a dewaxed lube
basestock having a Free Carbon Index of from 3.0 to 4.3 and an Epsilon
Carbon mole% from 10.0% to 14.0% and wherein the kinematic viscosity
at 100°C is between 3 ¢St and 7 cSt, the Viscosity Index is between 95
and 150, and the Pour Point is between -6 °C and -30 °C

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index
improvers, pour point depressants, and foam inhibitors, and

wherein the said engine oil has a Mini Rotary Viscometer viscosity from

about 10,000 cP to about 25,000 cP.



Carbon nole% from 10. 0% to 14. 0% and wherein the kinematic viscosity at
100C is between 3 cSt and 7 cSt, the Viscosity Index is between 95 and 150,
and t he Rwonodissgo1i s between -6 0C and -30 0C b) at | eastr/use@soormponent
sel ected fromdi spersants, detergents, wear inhibitors, antioxidants, rust
inhibitors, denulsifiers, extrenme pressure agents, friction nodifiers,

mul tifunction additives, viscosity index6rnprovers, pour point depressants,
and foaminhibitors, and wherein the said engine oil has a Mni Rotary

Vi sconmeter viscosity fromabout 10,000 cP to about 25,000 cP.[0014] In yet
ot her enbodi ts the invention relates to an engine oil conprising: a) at
| east 60% bymlé}ut o ¥Rk Ofhsr a¢mbedimsats ithm 1pYerHicdet@aied toube epgiEs pdck
havi ng a Fr eecﬁig%?ﬂ I'ndex of from3.0 to 4.3 and an Epsilon Carbon nol e%
from 10. 0% to 14°70%and wherein the kinematic viscosity at 1000C i s between
3 cSt and 7 cSt, the Viscosity Index is between 95 and 150, and the Pour
Point is |less M .- inc.said waxed |.ube basestock is
prepared by aaz:%clggg g%&ﬂswegé% ?)fstﬁfav@ﬁ?el 88{}9&9?1:5}8%0 (Fh&lediaret olube ng
range feedstreanpisBstdcle SPllaVﬁfg{ 2 FRURXTaRShiP TR Qtpﬁrofl{ 89 148 arf Eﬁiﬁpsggn

sol vent dewaxi ng conditions thereby producing at [east a partiall ewaxed
fraction; and (iCirbonmalet figrns d0d%Pas t1dd%andewhxeth fhieddhbmativividtodity
hydr odewaxi ng catal yst in the presence of a hydrogen-containing treat gas
in a reaction st%g]@y%ﬁeﬁa@@é}/e@ﬁcfeﬁsbﬂmbatﬁﬁetgﬁy%mmﬂhdgxdsmﬁtwfe&m%

thereby produci n%dalg(f aa(%ltdI e POk ocntlt AL {hsélnn-% ?(E a}lc? %Nsﬁerginggasl %%%axed

lube basestock is prepared by a process comprising

(1) solvent dewaxing a lube oil boiling range feedstream in a solvent
dewaxing stage operated under effective solvent dewaxing
conditions thereby producing at least a partially dewaxed fraction;
and

(i) contacting said partially dewaxed fraction with 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 at least a gaseous
product and liquid product, wherein said liquid product comprises a
dewaxed lube basestock.

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index
improvers, pour point depressants, and foam inhibitors, and

wherein the said engine oil has a Mini Rotary Viscometer viscosity from

about 10,000 cP to about 25,000 cP.

[0015] In yet other embodiments the invention relates to an engine oil

comprising:



product and liquid product, wherein said |liquid product conprises a dewaxed
| ube basestock. b) at |east one conponent selected from di spersants,

det er gentwo 20205590mhi bi t ors, anti oxi dants, rust inhibitecsusdesvksidiers,
extreme pressure agents, friction nodifiers, nmultifunction additives,
viscosity index inprovers, pour point depressants, and foaminhibitors, and
wherein the said engine oil has a Mni Rotary Visconeter viscosity from
about 10,000 cP to about 25,000 cP. [0015] In yet other enbodi nents the
invention rel a} es leastanO8ndiynevedght obrthei witaigcahpaditibrasf Hd¥mhyxeddupbt of
the total conposition of a dewaxed | ube basestock having a Free Carbon

| ndex of from 3.1@sesoak basing akreEpcarhm Mlerorl emeddf toohd 10188 ;ﬁ@siimm%
d wh inth i ti i J t Ci bet ) 3 cSt .and 7 cSt,
The Vi scosi ty | rieBRONSnEru B 88.05hd 13070 ane SREWORE IRBFRAF 190888t han
-6C and wherei n 53igoge) Q/.eéh'%ecﬁﬁfﬁp 'tl?ei mﬁgﬁtﬁqn@x 35, BERFER 05
conprising (i) solvent dewaxing a lube oil boiling range feedstreamih a

sol vent dewaxi ngingt BAR @it BshruPsar iselebs elidiy 86°E0hNE MheeMedid deGared t i ons
t hereby producing at least a partially dewaxed fraction; and (ii)

cont acti ng sai d lpbe basastockdepasmded byt fronessi aodmpisipglr odewaxi ng cat al yst in
the presence of a hydyogen-containing treat gas in a_reaction stage
oper at ed under égf eé?fv\?ét %ﬁ&’@éb@/\éﬂpg@ %gﬁﬁilin%%lgﬁh@ﬁéﬁt}eﬁpo’@u%isﬁb/e&t

(gaction preduct cORISIND Bk apbcfsdeie RIASHEL WhioUs Raggect
conditions thereby producing at least a partially dewaxed fraction;
and

(ii) contacting said partially dewaxed fraction with 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 at least a gaseous
product and liquid product, wherein said liquid product comprises a
dewaxed lube basestock.

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index
improvers, pour point depressants, and foam inhibitors, and

wherein the said engine oil has a Mini Rotary Viscometer viscosity from

about 10,000 cP to about 25,000 cP.

[0016] In yet other embodiments the invention relates to a method of
formulating an engine oil comprising blending a dewaxed lube basestock as
characterized in the previously described embodiments with at least one
component selected from dispersants, detergents, wear inhibitors,

antioxidants, rust inhibitors, demulsifiers, extreme pressure agents, friction



dewaxed | ube basestock. b) at |east one conponent selected from

di spersants, detergents, wear inhibitors, antioxidants, rust inhibitors,
demul si f iwooEDsE¥RME pressure agents, friction nodifiePsT/usadosiohzinet i on
additives, viscosity index inprovers, pour point depressants, and foam

i nhibitors, and wherein the said engine oil has a Mni Rotary Visconeter
vi scosity from about 10,000 cP to about 35,000 cP. [0016] In yet other
enbodi ments the invention relates to a nmethod of fornulating an engi ne oi
conpri sing bheiilfiag, andiifaxedbd wadithesestiecdsitas indear dgipeovered pour tent
previously described enbodiments with at | east one conponent selected from
di sper sant s, defressapentand fpemrinhithioss.t ors, anti oxi dants, rust inhibitors,
dermul sifiers, extrene pressure agents, frictionnodifiers, nultifunction
additives, viscosity index inprovers, pour point depressants, and foam

i nhi bitorsg EQF % I T NTI ON [ 0017] This invention
relates to ]H; b %Mﬂim | ow t enperat ure

properties and fornul ated | ubricant conpositions or functional fluids
created by blMHdilng dihis bwentionselgtestohasestodsanddedsewilsivih spperiar lome

t ted f di t t i nhi bit .
ant §oxi dant S QAT ATBPPORs. & Bofratinty Aorgny EREgeddns, & Biistiogal
anti oxi dant s 7 BPESES, eI Fieck TRt ERETERELtard |
pour  poi ni dui GeaARE bY RPHEALER: AL bhEREch fiBT B YoUr AR A PRARPAS ¢t

the terms "feefpbaek’ seldciclieetwint eadikpesantbe deedgbmser cheurgenblivithel ei n.
[0019] Tests used in describing |ubricant conpositions of this invention
antioxidants, rust inhibitors, demulsifiers, extreme pressure agents, friction

modifiers, multifunction additives, viscosity index improvers, pour point

depressants, and foam inhibitors.

[0018] It should be noted that the terms "feedstock" and "feedstream" can

be used interchangeably herein.

[0019] Tests used in describing lubricant compositions of this invention
are:

(a) MRV viscosity measured by Mini-Rotary Viscometer Test (ASTM
D4684);

(b) CCS viscosity measured by Cold Cranking Simulator Test (ASTM
D5293);

(c) Noack volatility (or evaporative loss) correlated from Simulated
Distillation by Gas Chromatography using ASTM D2887 or measured
directly by ASTM D5800;

(d) Viscosity index (VI) measured by ASTM D2270;
(e) Kinematic viscosity measured by ASTM D445

(f) Pour point (ISL) as measured by ASTM D5950.



are: (a) MRV viscosity neasured by Mni-Rotary Visconeter Test (ASTM
D46S4); (b) CCS viscosity neasured by Cold Cranking Sinulator Test (ASTM
D5293); (wp 2bimaskoovol atility (or evaporative | oss) corr ecatusdoosoen9

Simul ated Distillation by Gas Chromat ography using ASTM D2887 or neasured
directly by ASTM D580C, (d) Viscosity index (VI) measured by ASTM D2270;
(e) Kinematic viscosity measured by ASFM D445 (f) Pour point (1SL) as
measured by ASTM D5950. [ 0020] Lube basestocks in the present invention can
al so be described as those | ube basestocks having a Free Carbon Index (FCl)
of less than 4.3, preferably less than 4.1 or from3.0 to 4.3, preferably
from 3.0 to #0020land LabechpsestopkTin Ham prespiteimyepion 3 a0 besleseribad asiv

f bly I . 3. The FCl b b t hod d i bed
e Tor cxanilae Ut Bireoska damite i FREBEOS, bH5aHH D ToE 9501 T3 Jr ner
| ai ned : [ '
Cpectr onet or PrAr Y ey fabBCS) AR5 AR R IRA TR R AW

carbon nunbeEpsogAHboh Ranteq? (VP BE Yeskithen Na9s estetabsMesd\¥Rn 13.3.
adsorptions corresponding to the term nal methyl carbons (al pha), as well

as met hyl ene3herlda] che tsemeasiired iy theamtticalidescribesli in, dos ekample, Hénited

Atoms. al ong. IS SARBSTRIRRPE DOV L CEIBh Okt cRIaERey ahdPIOF.  For

Doar! par 2l ThB%askliSel i SRRELE DO P! MR\ RIRy (06 M2 TRAOefE! R0 T
this magnetic field strength, all normal paraffins with carbon numbers greater
than Cy have only five non-equivalent NMR adsorptions corresponding to the
terminal methyl carbons (alpha), as well as methylenes from the second, third
and fourth positions from the molecular ends (beta, gamma, and delta
respectively), and the other carbon atoms along the backbone which have a
common chemical shift (epsilon). For normal paraffins, the intensities of the
alpha, beta, gamma and delta are equal and the intensity of the epsilon
depends on the length of the molecule. Similarly, the side branches on the
backbone of an iso-paraffin have distinctive chemical shifts; the presence of a
side chain causes a measurable shift at the tertiary carbon (branch point) on
the backbone to which it is anchored. Further, it also perturbs the chemical

sites within three carbons from this branch point imparting unique chemical

shifts (alpha, beta, and gamma).

[0021] The Free Carbon Index (FCI) is then defined as the product of the
carbon mole percent of epsilon methylenes measured from the overall carbon
species in the °C NMR spectrum of a basestock and, the average carbon
Number (CN) of the basestock as calculated from the equation below:

200
& — PBu+TMe+TEt +T Pr+TBu

CN =

where the values for o, PBu, TMe, TEt, TPy, and TBu are in units of carbon mole

percent.



depends on the length of the nolecule. Simlarly, the side branches on the
backbone of an iso-paraffin have distinctive chemcal shifts; the presence
of a si dewohatanssmuses a neasurable shift at the tertiargTasemsn4giby anch
poi nt) on the backbone to which it is anchored. Further, it also perturbs
the chemcal sites within three carbons fromthis branch point inparting
uni que chemical shifts (al pha, beta, and-ganmm). [0021] The Free Carbon
Index (FCl) is then defined as the product of the carbon nole percent of
epsi l on net hyl enes neasured fromthe overall carbon species in the 13C NWR
spectrum of a basestock and, the average carbon Nunber ( of the

basest ock as[0§22¢ul aFeldeXatmplet, hie difilatanobpe Hettber exiNaded as WISTVBIRCBEt +T
Pr+ TBu where the values f r a; PE TI\/E TEt, . TPr d TBu are.in its of
car bon nol e PEHEBIE . sioeesvTa FEMPeéx Atf ehaacdensic c%’ﬁc%gl featrsy Bepithilned as

foll . Si I
foatures, t nEoRER b EHlEbeRbR Byt As G A 6 B PR, e
aver age mol equl@ireSbt Y68 HcnPil 4ifte bRRICHBA @irefiane hedampleal FARSnLNIR
sanple. Among the figures of merit that result fromthis analysis are the

aver age car bagurey raiﬁemamfthhhemhrﬁrdm tiChihal ysisearauhbeverage sidbenahanbea ¢fNS) ,
and the free carbon index (FCl). The FCl is defined as the nunber of

carbons t hatthar%imﬁiﬁécﬂ\ﬁaﬂlﬁf @umb@am@ni@ ehaips (NSh and B free parlyn Hﬂeé t han
e Carbong v V3, 0B 0,70, 8 LGSR BT G i 105

pract e, P8Rl aae ﬁtog@%heﬁ%@R@ﬁd Bf hBf EhPRsebNCrbOhE RN CRBIAGE

contribution o spectrum
branch point on a hydrocarbon backbone; these carbons are also labeled as

epsilon, ("&") in the drawing below. In practice, FCI represents the product of

the CN and the mole percentage contribution of epsilon to the NMR spectrum.

P-Me T-Me
CH,

[0023] As an example, the above structure illustrates some of the
nomenclature associated with this analysis. For this illustrative molecule, CN
= 26, NS = 2, and FCI = 8§ While the above molecule represents a pure
compound, lube basestocks consist of extremely complex mixtures of
molecules. However, since the structural components such as alpha, beta,
gamma, etc. listed above (in addition to other structural pieces not included
above) exhibit characteristic and repeatable spectral signals, NMR allows for
a statistically averaged structural characterization of the ensemble. Epsilon

and FCI represent the most pertinent features of the NMR analysis.

[0024]  As stated above, the formulated lubricant compositions of the
instant invention also comprise at least one component selected from
dispersants, detergents, wear inhibitors, antioxidants, rust inhibitors,

demulsifiers, extreme pressure agents, friction modifiers, multifunction



[ 0023] As an exanple, the above structure illustrates sone of the

nonmencl ature associated with this analysis. For this illustrative nol ecul e,
CN = 26, W8 20cdi55md FCI = 8. Wile the above nol ecul e Pepriss@stng21a9 pur e
conpound, | ube basestocks consist of extrenmely conplex m xtures of

nol ecul es. However, since the structural conmponents such as al pha, beta,
gamma, etc. |isted above (in addition tbl other structural pieces not

i ncl uded above) exhibit characteristic and repeatabl e spectral signals, NWR
al l ows for aaddiavest visebkiyy aieleagadpsiveust poat pdiat addpeedsaatsi omdfotune
ensenbl e. Epsilon and FCl represent the nost pertinent features of the NWR
anal ysi s. [00Bdbitoxs. sthet aideadi one, componieat peleaicd drombhe ahave desgytedilisens of
the instant invention al|150 conprise at |eagt one conponent sel ected from
di sper sant s, CfbDE A SICREQMRHGPE KRAE. FoF CORTRUn CSP At SHIAYS (@t o,
demul sifiers r S t S, ELiGE difier. .

mul tifuncti oH%%Eéttﬁgélggéﬁst%@%g? neaiég')?tlé rﬁﬁsogg[} g}% %%%rélg%?rﬁ%mae%sre gslélant S,

and foam i nhifihhifa®d diEn@loilseakterofifts CRUTRBNE Tor 16¢ 8 tBE PrcSentt hdriehave
described |list, can be any of these conponents known. For exanpl e,

di spersant s priduatsl @nfler saleded fironheny deeegents asediirafoethudatgd melspetcs can be
any di spersants used in fornulated engine oils; detergents suitable for use
in the present |ubricant products can be selected fromany detergents used

in formul ate i=hS, c..100 The. f or mul d engine oils of the instant
i nvention caﬁmg%o bﬁﬁe@%ﬂ"ﬁ%@f?%‘&?ﬁiﬁ&%l %?ﬂ 1&8?3&9“ \ﬁagcglf‘r%ﬁ)gr
(TMRVT) VI SCasidhibel s pbitatsind: HMink RoBHEIHabKIC [(OMIROOLiddeRPTEP Lo
about 30,000 cP, nore Brefera |y trom about 10,000 cP to about 25,000 cP
and nost pr eflana®0,000 roPnpabfeuhbly XréOaisdutt 10,000uP 02606 36000 42 horthe
| ube oil basestock can be produced by a process conpri sing

preferably from about 10,000 cP to about 25,000 cP and most preferably from

about 12,000 cP to about 20,000 cP.

[0026]  The lube oil basestock can be produced by a process comprising
solvent dewaxing a lube oil boiling range feedstream under conditions
effective at producing at least a partially dewaxed fraction. The partially
dewaxed fraction is then contacted with a catalytic hydrodewaxing catalyst in
the presence of hydrogen containing treat gas in a reaction stage operated
under effective catalytic hydrodewaxing conditions thereby producing a
reaction product comprising at least a gaseous product and liquid product
comprising a lube basestock. A lube oil boiling range feed stream 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 oil product is then conducted to the solvent
dewaxing zone. Also, in some embodiments of the instant invention,
separation stages are employed to separate gaseous and liquid reaction

products, dewaxing solvent from the dewaxed product, etc.



sol vent dewaxing a lube oil boiling range feedstream under conditions
effective at producing at |least a partially dewaxed fraction. The partially
dewaxed fweacbécnsses then contacted with a catal yti c hydroaasacosogicat al yst
in the presence of hydrogen containing treat gas in a reaction stage
operated under effective catal ytic hydrodewaxi ng conditions thereby

produci ng a reaction product conprisinglat |east a gaseous product and

| i qui d product conprising a |ube basestock. A lube oil boiling range feed

streamis fi[@027¢ont 3ot stdteidnatave] thet foraaditedvistaagpridet 4t l@astysitedpbeagssi ng
catalyst, in the presence of a hydrogen containing treat gas, under

ef fective hybasgstaskessil ibe debriptl ibasestoeley swjable detuesengs atcanepatenkin flygui d
hydroprocessed | ube oil product. The hydroprocessed | ube.oil product is
then Conduct BteseBTy itk Rt alited R Ghs GEIOA LBy & PO BB et of
the instant | ' . ous
and 11 quid r SOCRISAE FingRAIAb AP RortsE (P ORLaBHE L By REBEOR RROTIEY
etc.[0027] ApasdsficRdard Qvx-cdiigintfy Tubdd ebhtobbd ROHY liteidtingeaftrapge. | ube
oi | basestock, and the |ube oil basestocks suitable for use as a conponent
in the preseithese i pddbdibingulaage deeddtecksr eyppcalubevdingya al Gpedistiliation
process. Lube oil boiling rarg)%e f eedst ocks suitaple fo se in creating the

( 4 r u
at | east onePPUb&EreAter HdeQIGEK34P L naneasameh Pyl Mo EHSO19rad SB £8BA. t he
| ubricating Qil ranage. se luhe.oil boiling range feedstocks typigally
navi ng a 100000 1€ AP pd ARG mihe deer, e biB0RSrsSbE it L %,y
ASTM D 86 or +fSTM@R8Tmj e%l\%gﬁfsr b &dithPRMUB41i A cﬁP%?@ﬁ@cl@yﬂ{clﬂﬁié c
sources, or a mxture of tthhe two. Non-limting exanples of suitable
| ubricating chdsef dedsédcrem Bolteds $uwds esdeils vaelifadofremusob&ns uefinag oi l s

derived from solvent refining processes such as raffinates, partially
sol vent dev\,apgzpegﬁqsss,uchea@smﬁgnqt@sj parfiglly solvent dewaxed oils, deasphalted oils,

distillates, vacuum gas oils, coker gas oils, slack waxes, foots oils and the like,

dewaxed oils, Fischer-Tropsch waxes and GTL materials.

[0028] GTL materials are materials that are derived via one or more
synthesis, combination, transformation, rearrangement, and/or
degradation/deconstructive processes from gaseous carbon-containing
compounds, hydrogen-containing compounds, and/or elements as feedstocks
such as hydrogen, carbon dioxide, carbon monoxide, water, methane, ethane,
ethylene, acetylene, propane, propylene, propyne, butane, butylenes, and
butynes. GTL base stocks and base oils are GTL materials of lubricating
viscosity that are generally derived from hydrocarbons, for example waxy
synthesized hydrocarbons, that are themselves derived from simpler gaseous
carbon-containing compounds, hydrogen-containing compounds and/or
elements as feedstocks. GTL base stocks and base oils include wax
isomerates, comprising, for example, hydroisomerized or isodewaxed
synthesized waxy hydrocarbons, hydroisomerized or isodewaxed Fischer-
Tropsch (F-T) material (i.e., hydrocarbons, waxy hydrocarbons, waxes and

possible analogous oxygenates), preferably hydroisomerized or isodewaxed F-



distillates, vacuumgas oils, coker gas oils, slack waxes, foots oils and
the li ke, dewaxed oils, Fischer-Tropsch waxes and GIL materials. [0028] GIL
mat er i al swaneoemgs®ni al s t hat are derived via one or nor @CINUSRVSHIAE 19

conbi nati on, transformation, rearrangenment, and/or

degr adati on/ deconstructi ve processes from gaseous carbon-cont ai ni ng
conpounds, hydrogen- cont ai ni ng conpound$3 -and/ or el enments as feedstocks
such as hydrogen, carbon di oxi de, carbon nonoxi de, water, nethane, ethane,
et hyl ene, acetwhenhydicaone or fuydpyikemerized opisodewhned e waxey| lendrs. and
butynes. GIL base stocks and base oils are GIL materials of |ubricating

vi scosi ty thisomgrizegardpedanaxgd syndesizedrivanedr ocaipynes themol exldgpEenwaxy

hesi zed that are.t | derived fr. i npl
At bon- cont alHiin G Gotpoks A Daig a1 bHLHE GAE ARFTTg NE SSRGS AREK R bront <
as feedst OCk?ase@ﬂs ﬁﬁ?&nﬁiﬁ%&mﬂﬂ%%?ﬁ 8fdi§oﬂ1&g£é&j8r %@ée%?ﬁéﬁaﬁﬁ{eg‘ﬁals
comprising, tor exanple, hydroisonsrized or 1sodewaxed synthesized Waxy

hydr ocar bonscofpeisigstorexhmpit, oy drsioseeexed of-isdabRaxed hiRs@D péirolBuniat er i al
(i.e., hydrocarbons, waxy hydrocarbons, waxes and possi bl e ahal ogous

oxygenat es) , dgnedehudiogatbpus diygbrosonraizedroriisaiteveseddv &y hpdpcaponscar bons

or hydroi sonerized Qr isodewaxed F-T, xes, hydroi sonerized or isodewaxed
synt hesi zed Wax@ges fereatyderved Igﬁg} &é%ﬂéarenfrﬁ@e@ graieiaatp 1pcluding g@l@é‘aﬁiﬂiebase

oi | further f.Qr I: , k.and b Ll s in conbination
with other h%%g@%ﬁ@%g@ﬁioag %%g%dfel\’/\g%zg hﬁ‘@?‘g"ﬁ?a eéi_ @r@?%&oﬁ% for exanpl e,
hydr oi soner i gagicafink RREMBKGHuNpPdeRE)d1PEIHhAbIBH AT Sob¥esil vehRe argans,
hydr oi sonmeri zed or Isodewaxed waxy hydfocarbons, or m xtures thereof,
derived fronokkfinf wares, sfaekdvaxes edéailesl waxds, did gnicfoorystaHinel veaxesaxy
distillates such as gas oils, waxy hydrocracked hydrocarbons,

[0029] These lube oil boiling range feedstocks suitable may also have

high contents of nitrogen- and sulfur-contaminants. Sulfur and nitrogen

contents may be measured by standard ASTM methods D5453 and D4629,

respectively.

[0030] The process used to produce lube basestocks suitable for use in the
present formulated oils involves solvent extracting a lube oil boiling range
feedstock in a solvent dewaxing stage operated under effective solvent
dewaxing conditions thereby producing at least a partially dewaxed fraction.
The solvent dewaxing step typically involves mixing a lube oil boiling range
feedstock with a dewaxing solvent at atmospheric pressure, separating
precipitated wax and recovering solvent for recycling. During the solvent
dewaxing step, the lube oil boiling range feedstock 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 process used to create lube basestocks suitable

for use herein involves separating, by any suitable separation means, the



| ubricating oils, high pour point polyal phaolefins, foots oil, normal alpha
ol efin waxes, slack waxes, deoiled waxes, and m crocrystalline waxes.

[ 0029] Thweeodausso00i | boiling range feedstocks suitabl epompsadsostiave hi gh
contents of nitrogen- and sul fur-contam nants. Sulfur and nitrogen contents
may be neasured by standard ASTM net hods D5453 and D4629, respectively.

[ 0030] The process used to produce | ubelbasestocks suitable for use in the
present formulated oils involves solvent extracting a |lube oil boiling
range feedst eslkentn addspdrially dewax¢ddrsitiope repevaimy thadeirtiell§ eddwaeed

sol vent dewaxing conditions thereby producing at |east a partially dewaxed
fraction. Thiasadweand devdictigesttbp psmpiablsl Idgwianed| Vesstiph x fhga achtabdicoi |

boi | i dstock with a d [ I t at i :
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with chill ed@%@%t@g&@gr éq&gﬁggﬁ I a—‘@o S“‘/’Qﬁﬁé ??)?Sust[] ?é(;gﬁaﬁr%gfg)r%e@?é&s%aa}y glé)x wax

i's thereaft epresgnas@itRpabyally @swaxedBhesiod bﬁbfﬁﬂhﬁé%atﬂigﬁc Hewnkimt steg. and
solvent are selected so that" the oil is dissolved by the chilled sol vent

while the wax is precipitated. Thus, one enbodi nent of the process used to

create | ube Hﬂl’iﬁ§tOC@p&ﬁbhﬁ@lﬁsdi%l@ﬁ@lv@ﬁ‘ﬁ@é\ﬂ@iih?@t%;ﬁ&lv%@mrtﬁéim_@,ofbi/ any
sui t abl e separation nmeans, thesolvent and partially dewaxed fraction,

recovering tbeolpeg towen yhereweleentf isguechiledndd coliddancrementalpar séedrbly
e s 0 Bl o N SO eh b 0o S I O
pressure: |l BapARGA NP RLCRIHALE R TR, SR g o
sol vent dewayidigariti8R inSMAtaROus MRix#SE oPkhprechilled solvent with the lube oil
boiling range feedstream. The prechilled solvent is added incrementally along
the length of the cooling tower so as to maintain an average chilling rate at or
below 10°F /minute, usually between about 1 to about 5°F/minute. The final
temperature of the lube oil boiling range feedstream-solvent/precipitated wax
mixture in the cooling tower will usually be between 0 and 50°F (-17.8 to
10°C). The mixture may then be sent to a scraped surface chiller to separate

precipitated wax from the mixture.

[0032] Generally, effective solvent dewaxing conditions will include that
amount of solvent that when added to the lube oil boiling range feedstream
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 1.5/1
to 5/1. The solvent dewaxing of the lube oil boiling range feedstream
typically results in a partially dewaxed fraction having a pour point from
about +30°C to about -20°C. The benefits observed were seen whether the
solvent dewaxing step was very mild and removed very little wax leaving a
higher intermediate pour point stream or the solvent dewaxing step was more
severe and removed most of the wax leaving a lower intermediate pour point

stream.



cooling tower where solvent is prechilled and added increnentally at
several points along the height of the cooling tower. The lube oil boiling
range feawletzn@ass®ol vent m xture is agitated during thepchidskeosgsmtiep to
permt substantially instantaneous m xing of the prechilled solvent with
the |ube oil boiling range feedstream The prechilled solvent is added
incrementally along the length of the cldoling tower so as to nmaintain an
average chilling rate at or below 1Q0F /m nute, usually between about 1 to
about 5F/ m nute. The final tenperature of the [ube oil boiling range

f eedstream sol vent/preci pitated wax m xture in the cooling tower wll

usual |y be bHX&8¢n ORaprtssmaHve-dewagingpsalvemy argladiphita keongayiavingn3 e sent

to a scraped surface chiller to separate precipjtated . fromthe . m xture.
[ 0032] Gener%ﬁrgg}"} aé‘?m%éPF{?eassH} tetég/\g%%ﬂﬁ %@meﬁhﬁ&%ﬂ CHEIC dEW hat
anount of solyv . u i N r e f tream
will be suffPgﬁ%ﬁ]’%ir?‘gglﬁr\@@\%éggggﬁqﬁoégiSg‘?@oalsi gleo\ﬁe%lhéh@%r iéllfageb%ﬂgb%% 1to
about 20/1 ahebdist. dEREGoNeEtE THEY deUmBkelntlith SeHereddivedtd sMeth Wihdrkhe,
between 1.5/1 to 5/1. The sol vent dewaxing of the lube oil boiling range

f eedst r eam t yopuael biyxyleaal t Burthemdpsoriptiah’ yof delesmtdddwaang quobessi wsgfal pour
poi nt from about +300C to about_-200C. The benefits observed were

. : ) e seen
whet her the Bereueare desrdesady 18t Ep-wBatenisr ¥, 1P ad r b &8 Sv e lichi fiie e wax
| eaving a higher i nttgr medi ahg ou}rmg?i nt stream or the sol vent dewaxi ng
step was mor MCORAPESIFIPARIDSY CREESY of the wax | eaving a | ower
i nternedi ate pour point stream [0033] Representative dewaxi ng solvents are
al i phatic ketones having 3-6 carbon atonms such as nethyl ethyl ketone and
met hyl i sobufQo34fet oMRe pagslalipldecukad fretightfromdthecsl emsdesuntingstgr Bpane
and butane, and m xtures ) .

subjected to a catalytic dewaxing step to remove at least a portion of any wax
remaining in the partially dewaxed fraction. This step is commonly used to
further lower the pour point of the partially dewaxed fraction. The sequence
of solvent dewaxing followed by catalytic dewaxing is designated as trim
dewaxing when the catalytic dewaxing stage removes and isomerizes a

relatively small amount of wax as opposed to the solvent dewaxing step.

[0035] During the catalytic hydrodewaxing step, the partially dewaxed
fraction is contacted with a catalytic hydrodewaxing catalyst in the presence
of a hydrogen containing treat gas in a reaction stage operated under effective
catalytic hydrodewaxing conditions. Effective catalytic 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 250 to
320°C, pressures between about 2,860 to about 20,786 kPa (about 400 to
about 3,000 psig), preferably about 4,238 to about 17,338 kPa (about 600 to
about 2,500 psig), preferably about 4,238 to about 10,443 kPa (about 600 to
about 1,500 psig) hydrogen treat gas rates of about 89 to about 890 m’/m’
(about 500 to about 5,000 SCF H,/B), preferably about 107 to about 445
m’/m> (about 600 to about 2,500 SCF H,/B), and liquid hourly space



thereof. The solvents may be m xed with other solvents such as benzene,

tol uene or xylene. Further descriptions of solvent dewaxi ng process useful
herei n arwodnaoisemed in U S. Patents 3,773,650 and 3, 77BCc2A88200&8inh9 ar e

i ncorporated herein in their entirety. [0034] The partially dewaxed
fraction fromthe solvent dewaxing step is subjected to a catalytic

dewaxi ng step to renove at |east a porti@n of any wax remaining in the
partially dewaxed fraction. This step is commonly used to further |ower the
pour point ofvelobgiepa'LEEBVY) demowed. I taabown i W /lse quefereblgfabeat Gento
dewaxi ng foll owed by catal ytic dewaxing is designated as trim dewaxi ng when

the catal yti ébepva/Nghstragee preierably Wti%éﬁér&%ﬁbfsz &V hat iQRrargtingrihg

t of dtoth I t d ' tep. [0035] Durjng.th
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containing treat gas 11 a reaction stag ed un tive C

hydr odewaxi ngpeandi toi sysverEliace tpavdfiaatiadtyinhsain Yol adsiRitig: pRIdilidsops as
used herein includes tenperatures between about 2000C to about 3500C,

pref erably ablmuparkisligGlavwaxsso{rac326a; anoveypidiessaphile 250 mairB2md)g the
pressures beﬁ(we?nbagout 2,860 to about 20,786 kPa (about 400 to about 3,000
psig), pref ek&blYbaBasRstaclo propestighsuth &y POy RABAL (AHOHLY60EFCOBIUBRIRS 2, 500

psi g), preferabl 4.238 hout: , t o) 0 1, 500
psi g) hydr ogéf\\wt ?’e%ﬁ)&y%a?li&egk 3}1 giﬁgﬁ%ﬂ}gffét%gaéggfﬁ% &2‘8}]{; rﬁ%ﬂgn%aﬁg%} Hi:ffOO to
about 5, 000 S6Hehd&)axipeCbssraby RBGbedl AérdiR. aPRULIASD MRLHT CalPHic 600
to about 2,500 SCF H2/B), and |liquid hourly spacevel ocities ("LHSV") of
about 0.1 tohathedewhRing Miditiops,afs esad hgreaboare t0 bt donsaleced tHos¥/ickiahytic nor e
preferably about 0.5 to about 2 V/V/hr, erating the .

hydrodewaxing conditions as described above that result in a lube basestock

having a VI within about 0 to about 30 points of the partially dewaxed

fraction, a pour point within about 0 to about -30°C of the partially dewaxed

fraction, and in a yield loss of about O to about 20 wt. In all cases the

effective catalytic hydrodewaxing stage follows the solvent dewaxing stage.

[0036] Catalytic hydrodewaxing catalysts suitable for use in the trim
dewaxing step may be either crystalline or amorphous. Amorphous catalytic
hydrodewaxing catalysts include alumina, fluorided alumina, silica-alumina,
fluorided silica-alumina. Such catalysts are described for example in US

Patent Nos. 4,900,707 and 6,383,366.

[0037] 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 MAPO:s.
Molecular sieves suitable for use herein contain at least one 10 or 12 channel.
Examples of such zeolites include ZSM-22, ZSM-23, ZSM-35, ZSM-48,
ZSM-57, ferrierite, ITQ-13, MCM-68 and MCM-71. Examples of
aluminophosphates containing at least one 10 ring channel include ECR-42.

Examples of molecular sieves containing 12 ring channels include zeolite



catal yti c hydrodewaxi ng under these narrow, |ess severe, catalytic

hydr odewaxi ng condi tions, the catal ytic hydrodewaxi ng stage reaction stage
oper at es wo 20@nss¥otl trace paraffins that inpair |ow tenperatseoos/oprioperti es
of the partially dewaxed fraction at a low yield | oss while still

mai nt ai ni ng the key | ube basestock properties such as pour point,
viscosity, viscosity index ("VI"), and Vbtatility of the partially dewaxed
fraction resulting fromthe sol vent-dewaxi ng operati on described herein.
Theref ore, ebdtectandeM@NVRGES! i Sonyd rmadievakir nge vandiiitatlasforagseideteihea n,
are to be considered those catal ytic hydrodewaxi ng conditions as descri bed

above that réesgtibedind]$ Patens dwsboskd, B0, 2202.988% HiYY abblitd,391.824bout
30 i nt f t ti i.nt .withi t Ot
about - 5C0C PSSHA par 01 5EF Haustdt MM -68d SRCH D5 dnd I DIZIEH about
0Ot bout 2 el | i i t

Fol lows the 8t oase- dasehr FEER LEO-FY BN EFEhTYY fuBialcarapfitaithst a0e
catal ysts suit@bd24¥2w7 vae WO (U ge77m goRxNg diefosedyibei$ia bes,534.
crystalline or anorphous. Anorphous catal ytic hydrodewaxi ng catal ysts

i ncl ude al unbuigablé |SAPOdefdr alsartienein siclideaS APO haS ARB@oli, dAlPO-41, and
silica-alumna. Such catalysts are descriged for exanple in US Patent Nos.

4,900, 707 an$lEbisAEEs iydadq MAPS-AL i pelri by plsPsa Latalyy Balicar b eves
that contain_at |east o 10 or 12 ring channel and nay be based on
al um nosi | i c%ﬁ%céw ?%Bf?qjggr)enbr on al um nophosphates such as
sili coal um nophosphates (SAPGs) and MAPGs. Mol ecul ar sieves suitable for
use herein contain at |east one 10 or 12 channel. Exanples of such zeolites
i ncl ude ZSM H3BYSM 23is pf&idried, thatiSHe4a1al Yisivh pdrodbeaxing catelyst €@d He3einMCM 68
and MCM 71. Exanpl es of ) ) ) .

be a zeolite. Preferred zeolite catalytic hydrodewaxing catalysts suitable for

use herein include ZSM-48, ZSM-22 and ZSM-23. The molecular sieves are

preferably in the hydrogen form.

[0039] Preferably, the catalytic hydrodewaxing catalyst selected would
contain a metal hydrogenation component and be bifunctional, i.e., they are
loaded with at least one metal hydrogenation 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. These metals are loaded
at the rate of 0.1 to 30 wt.%, based on catalyst. Catalyst preparation and metal
loading methods are described for example in U.S. Patent 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 5,282,958. Catalysts with small

particle size and well-dispersed metal are preferred.

[0040] The molecular sieves are typically composited with binder

materials which are resistant to high temperatures which may be employed



al um nophosphat es contai ning at | east one 10 ring channel include ECR-42.
Exanpl es of nol ecul ar sieves containing 12 ring channel s incl ude

zeol i t ebawve,20@ndsMCM 68. Sone nol ecul ar si eves suit abl ePComso®s/olanei n are
described in US Patent Nunbers 5,246,566, 5,282,958, 4,975,177, 4,397,827,
4,585, 747, 5,075,269 and 4, 440,871. MCM68 is described in U S. Patent
6,310, 265. MCM 71 and | TQ 13 are descrlbed in PCT published applications
WO 0242207 and WD 0078677. ECR-42 is disclosed in US 6,303,534. Suitable
SAPGCs for usendeer aiydrodeslantie SARXibng to fGAPO - f3dishGAPQalitic aydiodewhainge

MAPGs include MAPO- I | . SSZ-31 is also a catalyst that can_be effectively
used her ei n.cqtalysspr may be preteslese dsalhhpunde Ia@dqlpderrcmﬁwwéﬁdéwa&s%ly
catal yst used herein b olite. eferre. Iltect

Py odowax nOLTEF PatCEsSER 26180 el Galian S iGA MR Ao D RSB IR ang

ZSM 23. The EﬁfCH 1t £5mB{af og(li(?és g@clﬁl s 1'Eh Q ﬂﬁ eﬂlopﬁr 'ﬂrcbgﬁg’g]
e Jigf e ST

Pref erably, e’ ca rodewaxi ng ca woul d contain a

met al hydr oggmitHeOnke AP Rty esrEbiR Ik @ﬂ@ﬁes@r@dlded sigch, ad $iRYa-aheningaded
with at | east one netal hydrogenatl on conponent, which is selected from

G oup VI netthosia SGrdugidd-alinties ahsgnesnal Thex puremtt dfe medécul@r sitwe riadtheet al s

are selected fromGoup . VIIl netals. Especially preferred are 0 VI
nobl e net al sfiBishad z§§tqbl’t10 pudigderkaxing eatalyserepm tHdeel Of Past §laglié%goté’ded at

the rate of t03 t [e 0,

met al | oadi ngO(ire g’ \A%% e%%?ﬁ%&d%"g?‘ g&éﬁ% e d n%ﬁ})@éd %gt @% %gszglf

and incl ude d r SdAGa:986 UHRA bI e
netal salts. §15} ?wﬁs%ﬂ?wmﬁgi@ég@s gﬁg c?g%lgflbgpdsar%%l eg5| ze§§ont r ol
t echni ques amaydbsarsebeinh ihe khlfideBadenmsilfidsa, 8vf, Gat & yseferabily hinsthel |

sulfided form for metal containing HDW catalyst..

[0041] The catalytic hydrodewaxing reaction stage used to produce lube
basestocks suitable for the present invention can be comprised of one or more
fixed bed reactors or reaction zones each of which can comprise one or more
catalyst beds of the same or different catalyst. Although other types of
catalyst beds can be used, fixed beds are preferred. Such other types of
catalyst beds include fluidized beds, ebullating beds, slurry beds, and moving
beds. 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 catalytic 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.

[0042] Hydrogen-containing treat gasses suitable for use in the catalytic
hydrodewaxing reaction stage can be comprised of substantially pure

hydrogen or can be mixtures of other components typically found in refinery



particle size and well-dispersed netal are preferred. [0040] The nol ecul ar
sieves are typically conposited with binder materials which are resistant
to hi gh twopessatsseoes whi ch may be enpl oyedunder hydr odewaxiusgoosomdii¢i ons to
forma finished catal ytic hydrodewaxi ng catal yst or nay be binderless (self
bound). The binder materials are usually inorganic oxides such as silica,
alum na, silica-alumnas, binary conbinations of silicas wth other netal
oxi des such as titania, magnesia, thoria, zirconia and the |ike and
tertiary conhyd@igenngeahst Hseewet| itds psafeiredshat the dardadbgem-centaininptrieat and
silica-alum na magnesi a. The anopunt of nol ecul ar sieve in the finished
catal yti c hy8rodéieant mgnéainal jelke, | more aefeoably 100, hystregen amilijdas the100

wt. % based tal yst. Such catal yst f by_net
G i ng. ot r ERBRCRRT BN R OGPUER) SORIdBh FE LA D & Ao Uy be

used in the i.ded | f.i f ' r o i ded
formfor met g?&@ggﬁhip%fﬁgm tc%‘t@l g‘i f/ls(?@ 7?208}?]5 @%@Ega@yr%érg %ﬁ%r%gte{/vaxi ng
reaction stagefesely AeNiQBeaeI0UBy balnast RekDgeHifbrbé® rélist he present

i nvention can be conprised of one or nore fixed bed reactors or reaction

zones each of which can conprise one or nore catal yst beds of the sanme or

different cataglyst. Although other types of catalyst beds can be used,
fixed beds J@%‘jeferﬂlé&on Wgo‘?.fL@F nap%@v gewaxed fractiop avidh ihe paigytic

fluidized be llatin S ur.r Vi, gds. er st age
cool i ng or h@g‘?ﬁoﬁg%ﬁémg%aﬁgg& %‘rﬁts, {nr éa%tglggﬂn;gr%gg& b&%gglg\@eﬁd E%E}S 1% st
beds in the sam®uf HREARE anda1i§8iEHRUANE dhefeROMe! 117118 prédict ReaipHeIer at ed
during catal ytic hydrodewaxi ng can be recovered. Were this heat recovery
option is nolubavbadesfokk,sudablee fitii nsealn dwopiasgntrayvdmeioper Thusredhet faoaegsh
cooling utilities such as _cooling water or air, or through use of a
used to prepare lube basestocks suitable for use herein involves separating the
catalytic hydrodewaxing stage reaction product into at least the gaseous
product and the liquid product comprising a lube basestock and recovering the
liquid product comprising a lube basestock. The means by which the catalytic
hydrodewaxing stage reaction product is separated is not critical and may be
performed by any means known to be effective at separating gaseous and
liquid reaction products such as, for example, flash or knock-out drums or

stripping.

[0044] The liquid product, comprising a lube basestock, recovered from
the catalytic hydrodewaxing reaction stage can be fractionated, by either
vacuum or atmospheric distillation, to provide various lube basestocks that are

suitable for use in a variety of formulated oils.

[0045] A lube oil boiling range feedstream, to be dewaxed according to
the preceding steps, may be treated in a number of processes.
Hydroprocessing refers to processes in which hydrogen reacts with the lube
oil boiling fraction under the influence of a catalyst. Non-limiting examples

of hydroprocessing processes include hydrocracking; hydrotreating to remove



hydrogen quench stream In this manner, optinmumreaction tenperatures can
be nore easily maintained. [0042] Hydrogen-containing treat gasses suitable
for use iwobth&/ssgoal yti c hydrodewaxi ng reacti on stage caoThs2@smpiised of
substantially pure hydrogen or can be m xtures of other conponents
typically found in refineryhydrogen streans. However, it is preferred that
t he hydrogen-containing treat gas streaf®contains little, nore preferably
no, hydrogen sulfide. The hydrogen-containing treat gas purity should be at
| east about Hhetrdytoms| usechhyal ogdfiur, priebgeabl shdatoxtygeatl hbdudigerdadorbyofvol ume
hydrogen, and nore preferably at |east about 90% by vol une hydrogen for
best resul t sarqais} hyslsoisontcaizaiion apfl/arheatplatici dewgxingnare dlemetalatam wi t h
the catalytic FI‘ dr odewaxi ng catal yst results in a reaction product
conprising atf é%‘é%s%eaé’é%eous product and a liquid product, wherein the

| i quid product conprises a | ube basestock suitable for use in the present

i nvention. Thus, the process used to prepare | ube basestocks suitable for

use herein ingedéles JeRapAIEHY ub&P t6 Prapatei thehdtbeOBRBESER SustaBRe féreasd | on
product into at |east the gaseous product and the liquid product conprising

a | ube baseshourhn atmh fedbererdomgprisee sdlivgni cexpractingt aclmbvpr bdi bgilmg winege
basestock. The ans by which the catal ytic hydrodewaxi ng stage reaction
product is sg‘f%{ggtcéldplﬂ@f (@ tthe rsolyemh dexyrring ptage. pdiusy %gmﬁyewplﬁeﬁ??s

known to be eff i ve af s rat ikn eous and _Ijquid reacti odyct s
such as, for %%92%%%, t_of f@s%ﬁg?ﬁg\%‘g%ﬁ%t&%ﬁ%%ﬁgg rargﬁaﬁﬁ?)?%l r (%glﬁg{fj e
liqui d produgihriGRnp' biti RREdAobk e Raseriionka s6KeNEESGaddRMZbhE wakalytic
hydr odewaxi ng reaction stage can be fractionated, by either vacuum or

at nospheri c dikshétidmsoloont uodgar cordionsaeffocsve aberddiedss anksoiagics dgan

raffinate.

[0047] 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 known.

[0048] The process used to prepare the one lube basestock suitable for use
herein comprises first solvent extracting a lube oil boiling range feedstock
prior to the first hydroprocessing reactor stage, as described above, and

following this by the solvent dewaxing stage.



suitable for use in a variety of fornulated oils. [0045] A lube oil boiling
range feedstream to be dewaxed according to the preceding steps, nay be
treat ed iwoaoswnshmn of processes. Hydroprocessing refer Craspicoedses in
whi ch hydrogen reacts with the lube oil boiling fraction under the
influence of a catalyst. Non-limting exanples of hydroprocessing processes
i ncl ude hydrocracki ng; hydrotreating to2kenoveheteroatons, such as sul fur,
niti Ogen, and oxygen; hydrogenati on of aromatics; hydroi sonerization and/ or
catal ytic def{@0d9)g; dhe slsovet ddstapiion iotirbe@dytogirefarsl ehbOdimenthef phiocess
used to prepare the |ube basestock suitable for use herein can further
conpri se sol PEgsEnexinvertiomg alhogbeskilledbdn | theg artarnyidl freeeirise kthgt i @her o t he
sol vent dewaxi stage. . Thus, in this exanple, .the feedstream.to th

sl vent dewakTEMEnEds il B ebiinslect B e it on GRS EPh g |

f eedst ock issﬁfﬁt%’?flﬁjﬁqn{/é}ltﬁ%ﬁm vent extraction zone with an extraction

sol vent under®conditrons effective at producing an aromatics | ean

raffi nate. [0047] The sol vent extraction process selectively dissolves the
aromati c conponents in an aromatics-rich extract solution while | eaving the
nmor e par af f i f9@50d onpdikenfcdlawing recanrpdesatviild sHiistaate thé fimpad-eed effedtiveness

Napht henes are distributed hetween the extract, and raffinate phases.

Typi cal sol véﬁﬁlse PESCRIGNYERHOR AN 4 PbMEARE fuHEURERIeSCUAT AN iindny

N- et hyl pyrrolidone. By controlling the solvent to oil ratio, extraction
tenperature %S&H%thod of contacting distillate to be extracted with

sol vent, one can control the degree of separation between the extract and

raf fi nate @'}@E‘ﬁ%ghe sol vent extraction process, solvent, and process
condi tions ein are not critical to the

Example 1: Trim Catalytic Hydrodewaxing using Zeolite Catalysts

[0051] The present invention was illustrated by comparing formulated
engine oils comprising basestocks produced by the above-described
processing sequence, i.e., solvent dewaxing followed by trim catalytic
hydrodewaxing using a zeolite catalyst with no metal hydrogenation function
to others employing only solvent dewaxing. This data illustrates the benefit of
this invention using a zeolite catalyst to trim hydrodewax over the traditional
approach of solvent dewaxing to lower target pour point. The properties of
the catalysts used, and the amount employed, in the examples herein are
outlined in Table 1 below. These catalysts included a non-metal HDW
catalyst (H-ZSM-48/A1,0;) ("Catalyst B"). Catalyst B was formed into 1/16"
quadrulobe extrudates that contained 65% ZSM-48 crystals bound with 35%
alumina. Catalyst C was formed using self-bound H-ZSM-5 extrudates.

Table 1: Trim Catalytic Hydrodewaxing Zeolite Catalyst Properties

Catalyst Name Catalyst B Catalyst C
H/Pt N/A N/A
Support H-ZSM-48 H-ZSM-5
Binder Al,O3 N/A
Surface Area (m*/g) 239 N/A
Alpha 20 47




I nstant invention and can be any solvent extraction process known. [0048]
The process used to prepare the one | ube basestock suitable for use herein
conpr i seswbiznetossmhivent extracting a | ube oil boiling racgast@sdsiiock prior
to the first hydroprocessing reactor stage, as described above, and
follow ng this by the sol vent dewaxi ng stage.[0049] The above description
is directed to preferred enbodi ments of 22he present invention. Those
skilled in the ail will recognize that other enbodinents that are equally
ef fective coutgtalier veningedc)f pr carrying out the|spirit of sthis invention
£g2581e12ﬁtf k%%gl&qggﬁﬁﬁPT? Wi ii5H§trate e T nproveg effectiveness of
any fashion. EXANPLES’Exaane 1: Trim Catal ytic Hydrodewaxi ng using Zeolite
Cat al ysts Th esent ..i nvent -on s idlustrated by conparing

For mil at oc HABY ReAgforcbEGHBarofragith ke AEBe L totERBEE S by« he
above-descri bed processing sequence, i.e., solvent dewaxing followed by
trim catal yt [(032}dr odewakient desiangd afezdsitdane haaing fhst prépdrtieo ondineld in

hydr ogenati on function to others _enployjng only. solvent dewaxipg. This data
T ustr o es. AABIeDGARITY Y6 SERATaIGPSHED PSANGIng Qé@mt& &ad Q]ageévstt%- trim
hydr odewax owyer .t.he traditjio s . b tQ. ]

nydr odevex OfRE e olaRAl hAPSlERRPRa Rk R} YERLHBIRE RubBNh,
enpl oyed, i ncihRsEXRRCEiP86@pBsEd Of AUliquineded Bydiehl &ith AelnO

catal ysts included a ngn- nmet al “HDW cat al yst (H—Z%M 48/ Al 208) (" Cataf yst

B"). Catal yspuldpwasfiked+bed tubtlar ked&or quidd nuthodezend fudatesliquidt prodatai ned

65% ZSM 48 crystal s bound with 35% ) ) )
collection, and an on-line MTI GC for gas analysis. 5-10 cc, as outlined in

not _ nmeaant- tn lim+tl tha nracant | nvuant i on | n
J TTOU T UATTO LA >4 1T 1T e HI IOl rrveoeTrod

Table 1, of catalyst was charged in a down-flow 3/8"stainless steel reactor
containing a 1/8" thermowell. After the unit was pressure tested, the catalyst
was dried at 300°C for 2 hours with 250 cc/min N, at ambient pressure. If
pre-sulfidation of the catalyst was required, 2% (vol) H,S in hydrogen was
flowed through the catalyst bed at 100sccm for 1 hour. Upon completion of
the catalyst treatment, the reactor was cooled to 150°C, the unit pressure was
set to 1000 psig by adjusting the Mity-Mite back-pressure regulator and the
gas flow was switched from N, to H,. The liquid solvent dewaxed
feedstream described in Table 2 was introduced into the reactor at the desired
liquid hourly space velocity (LHSV). Once the liquid solvent dewaxed
feedstream reached the downstream knockout pot, the reactor temperature was
increased to the target value. A material balance (MB) was initiated until 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 MTT gas
chromatograph (GC) equipped with both TCD and FID detectors. A series of
runs 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.



alum na. Catalyst C was forned using self-bound H ZSM 5 extrudat es.

Tabl e

1: Trim Catal ytic Hydrodewaxi ng Zeolite Catal yst Properti esHDW React or

Pr epar at iwo 2a0uhs8oer at i ng Procedure [0052] A sol vent dewraxram26ismastiy eam
having the properties outlined in Table 2 bel ow was separately hydrodewaxed
using Catalyst B and Catalyst C. The trimcatal ytic hydrodewaxi ng studies

wer e performed using

liquid feed systemw th an | SCO syringe punp,
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Finished Qil Blending and Testing

[0053]

hydrodewaxing as described above was then blended to make a SW-30 engine

The basestock produced by solvent dewaxing followed by catalytic

oil. The above basestock was a lighter viscosity than required for the finished
5W-30 oil and hence a second basestock which was somewhat heavier was
added to all the blends to hit a base oil desired viscosity target. A commercial
additive package for GF-3 engine oils was then added to make the formulated
oil. This package consists of a detergent inhibitor package, a viscosity
modifier, and a pour point depressant. The package utilized and the second

basestock were constants in all the blends, only the light basestock was varied.

[0054]

catalytic hydrodewaxing catalysts, it is useful to compare their performance

To determine whether zeolite catalysts are effective as trim

against trim solvent dewaxing samples. These trim solvent dewaxing samples
were processed by using the same feedstock and further solvent dewaxing to
lower target pour points. In this way, a direct comparison is made between

the efficacy of trim catalytic hydrodewaxing and trim solvent dewaxing. The



function of the process variables, such as LHSV and process tenperature.
The TLP product from each bal ance was cut at 3700C by batch

di stil | atwonodnssnoperti es of 370+0C dewaxed oil and wakTwsc@samahyzed.
The 370+0C dewaxed oil was then bl ended as described in the next section
bel ow. Table 2 : Solvent Dewaxed Feedstream Properties Finished Ol

Bl endi ng and Testing [0053] The basest-ddk produced by sol vent dewaxi ng
foll owed by catal ytic hydrodewaxi ng as descri bed above was then bl ended to
make a 5W 30feedgiovke ite¢lf .whibk habaleatbnbest ookmasiadlyl sodtene rdew axedss fajsot han
required for the finished 5W30 oil and hence a second basestock which was
somewhat heableadedantoathfedams aW-30reackpanade showithe pangsiss @if| adligppald

viscosity target.. A co rcial, additive, package for .G--3.engine oils was
t hen added t@gmegt@&%r%ﬁ%véa%ﬁ F%talpﬁﬁcsh)ﬁgt‘?gs}ﬁ@m@enigﬁ gat(?flséhagf]er gent
i nhi bi tor pagl e33364\{\§,cosi ty nodifier, and a pour point depressant. The
package utilized and the second basestock were constants in all the bl ends,
only the light basestock was varied. [0054] To determ ne whet her zeolite
catal ysts el G5 Soi?ent Ahd BV Biskbiolk UrRFFYRKLRAATW. 30 Ehginé | S
useful to conpare their performance agalnst trimsolvent dewaxl ng sanpl es.

These tri msol vent dewaxi ngOﬂ&'ﬂﬂ;ﬁﬁtié@(@atﬂlpﬂ%&ﬂd @y using the sane
f eedst ock d further solvent dewaxing to lower target pour pojnts In this

way, a dirject conparison is nade betwegn the efficacy |of "Fg'iv‘tm
W
tock

Cat ti
hydr odewaxiing and trim sol vent dewaxing. Thef eﬁﬁ%ﬁ?&t Iqéﬁ hig ﬁ‘; g@ﬁ
al ready begp gapaLalal |y sol vent dewatedelsy af pewding|¢edads9 (cgéw&adr’
SW 30 packggisi), gos mow the tenmefTts uf quupgdongl _devwaxi NG gMIet [1€T o HY
sol vent or [Keahak Yiideiy RyFicos@wWaxi Ng.  Thd daba 1 $ 30sn |I N 238h] €] 3 #eBOW,
Tabl e 3. TKinem&oeeaty aatodCHISW Basest ocK antk Fof nuk.ett ed 5W.80 Ehql nes

A4

\

Viscosity Index 114 114.3 113.1 112.8
Pour Point (ISL), degC -18 -20 -19 -20
GCD Noack Volatility, wt% 15.2 15.6

Kinematic Viscosity at 100C (formulated oil), cSt 10.26 10.39 10.35 10.38
CCS (formulated 5W30 engine ail), cP 5790 4600 na na
MRV (formulated 5W30 engine oil), Yield Stress <35 <35 <35 <35
MRV (formulated 5W30 engine oil), cP 36211 33200 29600 31400

[0055] As can be seen from the data, trim solvent dewaxing to about -
20°C pour point is effective in lowering the MRV viscosity from 36,211 cP to
33,200 cP, a ~8% reduction in MRV viscosity. This shows that it is fairly
difficult for a solvent refinery to dramatically impact the MRV viscosity using
only a small change in target pour point. Large changes in target pour point,
while more effective, also involve much greater yield debits and chilling

COsts.

[0056] Using trim catalytic hydrodewaxing with the zeolite catalysts
provides larger benefits. Catalyst C lowered the MRV viscosity to 31,400 cP,
a ~13% reduction in MRV viscosity. Catalyst B lowered the MRV to 29,600
cP, a ~18% reduction in MRV viscosity. Both of these zeolite catalysts show
performance advantages over the trim solvent dewaxing approach. However,
these advantages were still relatively small and the *C.NMR Free Carbon

Index and Epsilon Carbon content were negligibly changed (as shown in



QU Properties (Catalyst B and C) [0055] As can be seen fromthe data, trim
sol vent dewaxi ng to about - 200C pour point is effective in lowering the
MRV vi scosotzgodaseam 36, 21 1 cP to 33,200 cP, a ~8% r eductcorus2evsniRi19
viscosity. This shows that it is fairly difficult for a solvent refinery to
dramatically inpact the MRV viscosity using only a small change in target
pour point. Large changes in target poug3 point, while nore effective, also
i nvol ve nmuch greater yield debits and chilling costs. [0056] Using trim
catal ytic hydubkdewnxDegresstd ih hbe z@old tperceal abfy gitsl pendartegrdups gard the
benefits. Catalyst C |lowered the MRV viscosity to 31,400 cP, a -13%

reduct i on i ninviRAsgiiscibsi frge carhoal ipdex Bll mikeasd thaiedavreased tzgnduogcmosta ~15%
reduction in i SCOSI t Bot h of, these zeolite catal ysts show

per f or mance afg/@(/di/ gt RFUE%m sol vent dewaxi ng approach. However,

t hese advant ages were stl Il relatively small and the 13C-NVR Free Carbon

I ndex and Epsilon Carbon content were negligibly changed (as shown i nTabl e

4) . Decreases inThbR 40P€ NMRQMtaQifTﬁh@JHDWMEstﬁ&RL(E%tﬁB@tB')e i ncrease

in the free carbon index all |nd| cate that decreased branchl ng, m)st i kely
due to cracki o Fabd 1 a st ock

(Cat al yst B) [0057% [ragu 'fef“%és sonetg fiﬁmlé;é hit a
target pour point experimentally in odr PfY&¥epl|ant and al so to

| ook at trends,_we dewaxed ta a range edstrgam nour poi ntq Ei gure 1 shows
the results ovEpsilaneCarbans mfle%ol vent tr| i3 @Bvaxi ng st uddéd and the range
of trim cat al yTotal Ryadand Sraxdsngolesiong |Cat .35t B and C. 6[hEse curvies
clearly indi cagsiddhenadyamMagaleof trim cataByticl hydrodepaxi ng over trim
sol vent devaxi @grbon # 36.7 37.7
Free Carbon Index 4.31 4.41

[0057] Because it was sometimes difficult to exactly hit a target pour
point experimentally in our pilot plant reactors, and also to look at trends, we
dewaxed to a range of target pour points. Figure 1 shows the results over the
range of solvent trim dewaxing studied and the range of trim catalytic
hydrodewaxing using Catalyst B and C. These curves clearly indicate the

advantage of trim catalytic hydrodewaxing over trim solvent dewaxing.

Example 2: Trim Catalytic Hydrodewaxing using Bifunctional Catalysts

[0058] The present invention was also illustrated by comparing
formulated engine oils comprising basestocks produced by another of the
above-described processing sequences, i.e., solvent dewaxing followed by
trim catalytic hydrodewaxing using a bifunctional catalyst with a metal
hydrogenation function, to others employing trim catalytic hydrodewaxing
using the zeolite catalysts of Example 1. This data illustrates the further
benefit of this invention using a bifunctional catalyst to trim hydrodewax over

that shown in Example 1 of using a zeolite catalyst to trim hydrodewax. The



Exanple 2: Trim Catal yti c Hydrodewaxi ng using Bi functi onal
invention was also illustrated by conparing fornmul ated engi ne

The present

Cat al ysts [0058]
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ncti onal cat al

sol vent dewaxing followed by trimcatalytic
st with a netal
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zeolite catalysts of Exanple 1. This data illustrates the further benefit
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Thepr oper t i eterem ageoutkined ysTablgdebelownd t he anount enpl oyed, in the
exanpl es herein are outlined in Table 5 below. Table 5: Trim Catalytic
Cat al yst Properties Reactor_ Preparation and
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hydr odewaxed feedstream spomirhdeArdL{8Y/5pd to Ag al upricating oil
basest ock herein, showed a| nargi nal decreéasje i n pour point

Alpha 24

Catalyst Volume (cc) 10

Pre-sulfidation Yes

Reactor Preparation and Operating Procedure

[0059] The same feed as shown in Table 2 of Example 1 was used in this
| example. The HDW reactor preparation and operating procedure is also as
described above in Example 1 with the following conditions: T = 270-345°C,
P = 1000 psig, liquid rate = 10 cc/hr, H, circulation rate = 2500 scf/bbl, and
LHSV =1 hr'. The 370+ °C dewaxed oil was then collected and blended for
testing.
[0060] The 370°C+ conversion of the solvent dewaxed feedstream was
seen to increase with increasing reactor temperatures. A low yield loss
(<10%) could be achieved at a temperature range of 270 to 310°C. For
obvious reasons, it is highly desirable to improve basestock properties while
maximizing lube yield. At mild process conditions (process temperature @

290°C), the trim hydrodewaxed feedstream, sometimes referred to as a



from-1S 0Cto -19C, while 37Q0C+ product yield | oss was only about 3%
based on the solvent dewaxed feedstream In addition, the viscosity index
("VI") amstowneossioty remai ned nearly unchanged. An addi tconsboosemaist of
the present invention is that by using Catal yst A a bifunctional catalyst,
inthe trimHDWnode is the aromatic saturation capability of the catalyst.
The aronmatics content of the tri m HDW-gfloduct is essentially zero. High
saturate content, i.e., saturated aromatics, in the |ube product provides
better oxi daubsioagh@il basesantt hoeigasescdhe matgiralofiedrbasel ibeoof Ipoint
basest ock. Table 6 summari zes the physical properties of the |ube fraction
of the produgemt$G tm—}ﬂ"@qewhllsf%@i(?yi poductTyisié lgss wap AotpbBHEE 85%.0ck
Properties (Catalyst A) Finished Q. Bl endi ng.and, Testi .0061] Th

basest ock prl?ﬁzfﬁge%“ Re selveBh eW@%ﬁQifﬁﬁAs%SPP’omé’a idiaon, H’\gt{léc%ei'r BHE‘%axi ng
as descri bed wghoy W ' (NI bove
basest ock Wg(silg% ?16 thF 5@?}2{:%1[31?@ g&t e%algy [rﬁggﬁ?rfggg'f%g %%Hgﬁ(‘?}?\rl]?"g %f(]ilt @6&%0 oi |
and hence a SReANMNINREREST OF khathbE RisMRSCaRIRMEL a eAM ctionwasatadedint theal |
the blends to hit a base oil desired viscosity target. A conmerci al

addi ti ve pactkagddDdV 16648 ienbe neomiatis sansatitie capdoididy tad thaketalyst. f dibeul at ed

oil. This package consists of a, detergent inhibitor, package,_.a
Vi scosi t ympdiPPetics spgteat b the Bmﬂtﬂl}g predagiis .esmlaﬁé(cq@é%e Highsapgateand

t he second basest.ock were .constant.s i.n..al{ .the hlen - onl !
basest ock waWEN k- STYRHS Wﬁég%ég t@@bﬁgpﬁpﬁ%ﬁ%’g%@ %tﬁegﬁéﬁaglﬁél
catal ysts, tﬂ&b’i '\9&;&&%@%@% [iBeOVARE bf | fReS MM 65il1 PadeiOCRI tgHler iI6M
catal yti c hydrodewaxi ng sanples of Exanple 1. The feedstock itself which
has al ready hssmatiossriteglnisioal podpeatits ofshexate fsacalbbamiihe powthci mtith thee sane
5W 30 package

highest 370°C+ yield.

Table 6: Trim HDW Basestock Properties (Catalyst A)

Trim-HDW Basestock
Physical Property Feed (Catalyst A)

370°C+ Yield, % on SDW feed 97.5 94.6
Kinematic Viscosity at 40°C, cSt 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

Saybolt Color > +30 >+30

GCD Noack Volatility, wt% 15.2 15.3

Finished Oil Blending and Testing

[0061] The basestock produced by solvent dewaxing followed by catalytic
hydrodewaxing as described above was then blended to make a SW-30 engine
oil. The above basestock was a lighter viscosity than required for the finished
5W-30 oil and hence a second basestock which was somewhat heavier was
added to all the blends to hit a base oil desired viscosity target. A commercial
additive package for GF-3 engine oils was then added to make the formulated

oil. This package consists of a detergent inhibitor package, a viscosity



to show the benefits of additional trimdewaxing. The data generated using
the bifunctional Catalyst Ais shown in Table 7 below. The pilot plant run
was done woizo@joskmmce the first two colums used a basegtwoais2madeiin t he
first run and the third colum used a basestock nmade in the second run.
Table 7. Trim HDW Basest ock and Fornul ated 5W30 Engine O Properties
(Catalyst A) [0063] As can be seen from?®he data, trimcatal ytic

hydr odewaxi ng to about -200C pour point is surprisingly effective in

| oweri ng t he nidevfier, sadsa pyuf point3tep2dssdntc PThe packaygendteed ahdahofsedéhd24
cP, a 46%reduction in MRV viscosity. This level of MV viscosity reduction
under such i a@psmkawm@nﬁwuts)ue&lhme@e@@ﬁmtﬂy&wlagmmsmoeﬂﬁwsmﬁd
changes in basestock bul k properties was nuch greater than expected. As
sumari zed in Table 6, m ninmal changes to basestock physi cal properties

(viscosity, our 1Roi, \ 8hi.g ht s
the key 13C 2:jesuIT'It%s g§e3§ tﬂka}éﬂ%\}ﬁ%ngée r| m gailségt gls‘?s tf%% R’Ikkg
used to ShOchhfpbrdﬂ tcdotHeJrrth@r@tsahﬁpudsclnbylﬂﬁﬁgqn@&hﬁg ch@byRy h?@ﬁode%thgace
paraffins that inpair the | ow tenperature, Tow shear properties of

sol vent - devasawpleas eft Brxaspteo Ipr oV hdef@dsemﬂ\l atsalf iwlpcloveaserlatly been
formul ated engine ojl. cold flow prqpertie ubst anti al reduct ilon to the
NMVR Free Car 66RIMGaallyssobyang dewvaxgdas @soll ngl@irl.ntomhgéaalesﬂjfn Piraghkage

d 66 | % 3.04 nol e%
TR T NS L TR Sl e
structure of tﬁé@lfhﬂ&?oﬂﬁ‘l)'&%'ﬂy@ﬁ A""i’ssslﬁﬁi/"ﬁ N echbie t7h9élbws' %"S:/F?lﬁ?enﬁlaﬂﬂ ffr ation
to standard basestock physical properties. Table 8: 13C N of

Tri m Hydr odewaselbnBawast, hek Cdicafinss twdroithfsthsetha baskbicitansdanethefirbRV and

11% decrease in CCS were .
run and the third column used a basestock made in the second run.

Table 7. Trim HDW Basestock and Formulated 5W-30 Engine Oil
Properties (Catalyst A)

HDW (Catalyst| HDW (Catalyst | HDW (Catalyst
Physical Property Feed A) A) A)
Density, g/cc 0.844 0.810 0.810
Kinematic Viscosity at 40C, cSt 23.3 23.65 23.65 23.73
Kinematic Viscosity at 100C, ¢St 4.6 4.64 4.64 4.66
Viscosity Index 114 113.1 113.1 113.6
Pour Point (ISL), degC -18 -19 -19 -20
GCD Noack Volatility, wt% 16.2
Kinematic Viscosity at 100C (formulated oil), ¢St 10.26 10.33 10.36 10.12
CCS (formulated 5W30 engine oil), cP 5790 5180
MRV (formulated 5W30 engine oil), Yield Stress <35 <35 <35 <35
MRV (formulated 5W30 engine oil), cP 36211 19338 19536 19997

[0063] As can be seen from the data, trim catalytic hydrodewaxing to
about -20°C pour point is surprisingly effective in lowering the MRV
viscosity from 36,211 cP to an average value of 19,624 cP, a 46% reduction in
MRV viscosity. This level of MRV viscosity reduction under such mild
catalytic hydrodewaxing condition and with only small changes in basestock
bulk properties was much greater than expected. =~ As summarized in Table
6, minimal changes to basestock physical properties (viscosity, VI, pour point,

volatility) were observed. Table 8 highlights the key *C NMR results of the



obtained with less than 3% yield loss in mld trimHDWw th Catal yst A As
not ed above, the aromatic saturation benefit of using the Catalyst Ain a
tri m HDWwoadeodssohiear |y refl ected by the negligi bl e ar egatise@soontient of
the trim hydrodewaxed product. The MRV i nprovenent and yield |oss
associated with the trim HDW over Catal;/st A are superior to the
i mprovenents observed in Exanple 1 wher®d Catal yst B and C were enpl oyed in
the trimHDW setup as denonstrated by the 46% MRV i nprovenent with <3%
yield | oss. fERisewas tgehiED@Ibidesmegh ‘30 NMR otdsusedud ahohathat exihl trangement
that was achieved with Catalyst A but not with Catalyst B and C as
evi denced bytdidyNvrhydradeweringt isompmizes jthe drassupdyatiidsuthaiermpal the 19W065]
I ncreases in the nole percent of total fper]dant rou nol e Ezrcent. of

0P k

S
pendant net hiFMRGFEBES  lodnehed msaperdies QfaePluenir Vst bIsesOsks daPiovier ved
in the nole per of i car r i skLndycat e
that incr easée)}‘cf egﬁg%%lhl!mné@?e%ngﬂfsu epérqrg elgfué eés@? ﬁ? &gl %/tqgu%&?g&[lo?%}r%?i z%ti on,
has occur r edgybNeingiaf fédu Gt toCBMIRER | Free aTAB0n THABE frdreM). 3 s e o sedsved.
The trends shown in Table 8 indicate that isonmerization is |likely the key
mechani sm beddend Alse ®xiganicant réedgntmnetretite NbR Bpsdon Cabgnneontdrt ftaw

t enperat ure rogerties using Catalyst Ain a m‘“g trimcatalytic..

hydr odewaxi ng3~6 mele %o v dd1J4, mekdorwasnabtainpdrah wnémsq&%l@fé%bﬁg@me to
the trends ohserved in Table 8., The trepd h i.n.Jahl e 4.1 ndi t hat
cracking is ¢ gFiEthé#l?/ I’%ﬁ‘é“ﬁ@?%‘b%ﬂ?n?imeﬁlgﬁiaW?%@eﬁ%%ac rl%\@grrvgﬁl{l&ftn MRV
observed in gpgi L atdus £iesl SihBgidshe Catalyst B in a
mld trim cafl&ﬂ;{&?gpﬁlﬁfraggg&g% ﬁg m)degs.e E)[rgrrg g?l?:‘;y%lg%%%ot 1%5 effective in

altering the nol ecul ar structure as isonerization as evidenced by the NWR

data. Cracking is ;50 not - as effective in inproving the | ow tenperature
Table 8: “C NMR Data of Trim-Hydrodewaxed Basestock(Catalyst A)

Trim-HDW Basestock
NMR Measurement Feed (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
# Side Chains / Molecule 2.3 2.4

Carbon # 36.7 36.5
Free Carbon Index 4.31 4.02

[0064] This 46% decrease in MRV and 11% decrease in CCS were
obtained with less than 3% yield loss in mild trim-HDW with Catalyst A. As
noted above, the aromatic saturation benefit of using the Catalyst A in a trim
HDW mode is clearly reflected by the negligible aromatics content of the trim
hydrodewaxed product. The MRV improvement and yield loss associated
with the trim HDW over Catalyst A are superior to the improvements
observed in Example 1 where Catalyst B and C were employed in the trim
HDW setup as demonstrated by the 46% MRV improvement with <3% yield
loss. This was achieved through an effective molecular re-arrangement that

was achieved with Catalyst A but not with Catalyst B and C as evidenced by



quality as shown by the MRV data di scussed above. [0066] Because it was
sonetines difficult to exactly hit a target pour point experinentally in
our pil otwplasossmwact ors, and also to | ook at trends, weCutasa0s@41109 a r ange
of target pour points. Figure 2 shows the results over the range of trim
catal yti c hydrodewaxi ng using Catalysts A, B, C, D, and E. These curves
clearly indicate the advantage of trinré@tal ytic hydrodewaxi ng using a

bi functional catalyst such as Catal yst A over trimcatal ytic hydrodewaxi ng
usi ng a zeol tHeeNBAR ahgBuresnshs.a$hGaisaliyatssdl fimtheCbeldws can be nost readily
seen by | ooking at the MRV viscosity obtained at simlar pour points,
especially those pour points closer to the feed such as around -200C. [ 0067]

Thi s exanpl e strated the inprovenent in,| tenperature properties

nch evanl o uldasTs i Fneser r B RIRIE Gaeicak Phis ol DSHBG! Siotns e Ralegetcent
feedstream a ' L4 1 i h t ' S

denonstr at es5¥ ;Péétnqgﬁfﬁgﬁgkp%??%%q uslfdr%gé(faéfalsﬁ% chﬁgﬁsga &i%rgs%rga§6he | ow
temperat ure ppeReEd dnohe tih6lespércent ofeyrNel dabRsift Al Mred babbAWnHERRAT at ure
property inprovenent denonstrated by the present invention enploying

Cat al yst A werkcaepéhitonndreasedodwanthiabssedofwilube Catdésqdes, BlikeDO6&ie 18C NVR

was used to show that mld trimcatal ytic. hydrodewaxing isonerizes the
trace par af f ISORTHRHOPNARS PeqEed. oQ Sigpdicant cBangeswnstarhen pugiat () of

sol vent - deway estqgc t Lovide exc i opal i nprgvenents.tq. .
Formil at ed. earnatanT ool i Pelis bSrCTEdabe T taaig Rl BTt iondy 1ac
NVR resul ts gfefhend 889 MermiSsrhr behiHBWIRASASHAGK  infehemdni ob3GNR Rpta of
Tri m Hydr odewaxéd Basest ock(Catal yst A) [0069] Increases in the nole
percent of tengihepédhkantengpeoaipse prapeatipensiap CanilypeAdard mildtthiyd carabytizs, and
nunber of side chains_ and the decrease ] i )

hydrodewaxing. Thus, overall, the trends in Table 4 are quite opposite to the

trends observed in Table 8. The trends shown in Table 4 indicate that

cracking is the likely the key mechanism behind the 17% improvement in

MRYV observed in engine oil low temperature properties using the Catalyst B

in a mild trim catalytic hydrodewaxing mode. Cracking is not as effective in

altering the molecular structure as isomerization as evidenced by the NMR

data. Cracking is also not as effective in improving the low temperature

quality as shown by the MRV data discussed above.

[0066] Because it was sometimes difficult to exactly hit a target pour
point experimentally in our pilot plant reactors, and also to look at trends, we
dewaxed to a range of target pour points. Figure 2 shows the results over the
range of trim catalytic hydrodewaxing using Catalysts A, B, C, D, and E.
These curves clearly indicate the advantage of trim catalytic hydrodewaxing
using a bifunctional catalyst such as Catalyst A over trim catalytic
hydrodewaxing using a zeolite catalyst such as Catalyst B and C. This can be
most readily seen by looking at the MRV viscosity obtained at similar pour

points, especially those pour points closer to the feed such as around -20°C.



observed in the nole percent of epsilon carbons and free carbon index all

i ndicate that increased branchiness of |ube nolecules, likely due to

i somer i zawvoange/ise®ioccurred. No significant changes i n earhseoosowiies ( CN)
were observed. The trends shown in Table 6 indicate that isonerization is
l'i kely the key mechani sm behind the extensive inprovenment observed inengine
oil low tenperature properties using Catlalyst Ain a nild trimcatalytic
hydr odewaxi ng. Thus, overall, the trends in Table 4 are quite opposite to
the trends ofgee7yed TnlsT@hhﬂlpﬁie Theirhte@ndse Shgwovemetiabh elotvitagipesiteret hat
cracking is the likely the key mechani sm behind the 17% i nproverment in MRV
viscosity obpmpesiesi ackingible oising dvim erpadytic uhgdindeperingefusgi nglvene

Cat al yst Blnam trlmcata t.ic hydrodewaxjing node. acking.is,not as
ef fective i nd@lg ﬁtﬁ%arﬂrﬂt fjafr"“g Hpst WE gét% %Sér‘%r |1szgi§ ieéﬁmg’%e é‘lﬁodenced
by the NV\R d Kj r

torper at ur e PP GS HER o RAEP FRV, FuinBcr i Rush nRC Bl ulss

Exanpl e 3 : (RIPRIg) e're\’tﬁleeﬁﬁ%éﬁ OBf"{'HWEQﬂVEHV\%Me%D%e{d%&EQh Tthef quer
explore the potential for roving the | ow tenperature quallty of

finished | ubehgenaturd peopdruglyinaevextandethdneyrated byi medpmxnmgnv&rrtmm
dewaxi ng utilizes a sol vent dewaxing process to dewax a waxy feed so that
the mmaj orit yeoplapang Cotalstay &ere supeier tpithase 9@@&@3%#@&%1&801% step of

trimdewaxing is then done on the nearly dewaxed feed and only renbves or
i sonerizes small armunts of residual wax. To identify whet her the bal ance

of wax renpvglyeaet weeg F r $tq Sprgg‘eﬂsstoan\%}" ge Qt pﬁﬁ@esﬁ—leou&ﬂ affic

nodi fied, we ext nded the study to sanpl es ad on n partlally or
mldly dﬁ“ﬁélﬁﬁdlbﬂeﬁ/ﬁﬁm@1E§meﬁt@@tﬂee@a/def]ﬁuﬂﬁhﬁ thesirgpeat tthémf mpdrangecond
step to handle
low-shear properties of solvent-dewaxed basestocks to provide exceptional
improvements to formulated engine oil cold flow properties. Table 9

highlights the key 13C NMR results of the feed versus trim HDW basestock.

Table 9: °*C NMR Data of Trim-Hydrodewaxed Basestock(Catalyst A)

Trim-HDW Basestock
NMR Measurement Feed (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
# Side Chains / Molecule 2.3 2.4

Carbon # 36.7 36.5
Free Carbon Index 4.31 4.02

[0069]  Increases in the mole percent of total pendant groups, mole percent
of pendant methyl 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 significant changes in carbon number (CN)
were observed. The trends shown in Table 6 indicate that isomerization is

likely the key mechanism behind the extensive improvement observed in



[0071] W& al so wanted to determ ne of catal ytic hydrodewaxing first

foll owed by sol vent dewaxi ng as the second process woul d be effective. The
degree ofwoav@losstoe hydr odewaxi ng in the first stage wagcrarsc@d/osnial so

| ook at the inpact of catalytic hydrodewaxi ng severity and sol vent dewaxi ng
severity. That is the subject of this third exanple. The catal ytic

hydr odewaxi ng catal yst used was Catal ysB2A.[0072] The HDW react or
preparation and operating procedure is sanme as descri bed above in Exanple
1. SDW.ab Pr eagihdreil [ohe tdraperaolre prdpataeaxsingsCawigt soimduatiRbtriaicaglatisi ngl e
stage batch filtration with the |arge Buchner funnel apparatus. This

appar at us usé&ydepdeavaxing.fThus, fviesll, dhe sreads) i dnblgp4 tage guitesppasiterio the

i |/ wax/ sol vent sl ity. Th | i f methyl ethyl
ket one. (VEK) CEHES riSRUSc SonlAYF &et i FMtBKIHOTB0Ta] SR dnendiFRer Gl on’
ds, th | i ], ) . ) t
P Ptrat; on noieknton B I SBTRABERNL uelibd s "0 S OGRS MY e
filter into ajRM LRebsieN obk@skd ihha@mend Wil R dereberairg ;slﬂ?ert&tsrﬁs@@e%@f

their respective solvents using a rotary vacuum stripper to conpl efe the
filtration patass.BThen DAND & et ytie hey dfedeviheringmaddez efrackingtienot ae
their individyal physical properties. [0074] The feed used in this case was
a waxy |ight cfiestes peakieringthe meoleetlpn siryctiFrianasomerizafigRt asyeyiderged by

Basesrock andbe VR selhy sV Rated o s ol am safiat M Rt OFE OB B ces
of HDWto SDWHBQ%RIe [fhatity 85 SRFPRbSHhY RIRYATBESitytdde: BREAWALARBVEI | MRV

Vi scosity
Example 3: Comparative example of HDW followed by SDW

[0070] To further explore the potential for improving the low temperature
quality of a finished lubricant, the study was extended beyond trim dewaxing.
trim dewaxing utilizes a solvent dewaxing process to dewax a waxy feed so
that the majority of wax is removed in this first process. The second step of
trim dewaxing is then done on the nearly dewaxed feed and only removes or
isomerizes small amounts of residual wax. To identify whether the balance of
wax removal between the first process and second process could be modified,
we extended the study to samples which had only been partially or mildly
dewaxed in the first step leaving more residual wax for the second step to

handle.

[0071] We also wanted to determine of catalytic hydrodewaxing first
followed by solvent dewaxing as the second process would be effective. The
degree of catalytic hydrodewaxing in the first stage was varied to also look at
the impact of catalytic hydrodewaxing severity and solvent dewaxing severity.
That is the subject of this third example. The catalytic hydrodewaxing
catalyst used was Catalyst A.



val ues neasured were undesirable (Shown in Table 10). The base case

ful l sol vent dewaxed sanple to -18C pour point gave a 5W30 MRV viscosity of
36,21 1 coPownadnsdm1Yi el d Stress (<35 Pa). The m | dest HPAtasaonsloe21ms HDW
to +300C foll owed by SDWto -18C, which is a very simlar pour point to the
base case. The 5W30 MRV viscosity was 103,488 cP, nuch higher than base
case, and a Yield Stress of <175 Pa was3%ound. Thus this fornul ated oil
fails the MRV viscosity specifications on both apparent viscosity and yield
stress. The [@072]nediTaiccHBEIW @xeaip ipeepmatidtinll @pediding ptdcedet RysafrldVid o
-19C, which is a very simlar pour point to the base case. The 5W30 MRV

vi scosi ty wadescdbe8zboyp, indigamplenich hi gher than the base case, and a yield
stress of <175 P, s . found. Thus this fornmulated oil again fails the MRV
viscosity speci Pi c‘m IQSRAWGE h apparent viscosity and yield stress. The

nost severe HDWe I to. s f D) - ichis a
very simlar pourég%?ﬁ&%%%é@%“%’g%88“]’?1?%@@9@%‘6%@%2%%%%2%&@?5cosi ty
was 92, 649 cRjuyagsd Withugb 18is8ichinBafudle aPﬁﬁﬁthéaTﬁis_ Apphratuy uéa 341 ess of
<175 Pa was found. Thus this fornmulated oil again fails the MRV viscosity

speci fi cat i onm foltrationiarappad éat upits adsh ggllanodiljwet/dolseneslsrry @pa6ly.l n al |
three cases, the NVRresults help to explain the MRV viscosity results
seen. The Frdaeecalvsah wasdeRiHuee of mehyl gthyldstans @15E.andamethy! sebpriydn
Car bon cont egt haiylﬁéeased to 15.35 nole%to 16.30 nole% This is a
conparative ﬁtgﬂﬁl } shows that when the NVR Free Carbon |Index and
Epsil on Carbon contents exceed 4.3 and 14% respectively, the | ow
tenperature quality of the finished oil as denonstrated by the MRV
viscosity de{@73]r at ess the filtration proceeds, the predominately wax component is

left on the surface of the filtration media, with the filtrate (oil and solvent)
passing through the filter into a collection flask. These two products are then
stripped of their respective solvents using a rotary vacuum stripper to
complete the filtration process. The DWO and wax were further analyzed to

determine their individual physical properties.

[0074]

refinery and was a slightly lower viscosity grade than in Example 1 and 2.

The feed used in this case was a waxy light feedstream from the

Table 10. HDW Followed by SDW Basestock and Formulated 5W-30
Engine Oil Properties Using Various Degrees of HDW to SDW

HDW to 30, HDW to 13, HDW to -7,
Physical Property Base Case| SDWto-18 SDW to -19 SDW to -20
Density, g/cc 0.844
Kinematic Viscosity at 40C, cSt 23.3 18.91 18.462 17.82
Kinematic Viscosity at 100C, ¢St 4.6 4.09 4.04 3.97
Viscosity Index 114 117.1 118.210086 120.6
Pour Point (ISL), degC -18 -18 -19 -20
GCD Noack Volatility, wt% 15.2
Kinematic Viscosity at 100C (formulated oil), cSt 10.26 10.28 10.27 10.26
CCS (formulated 5W30 engine oil), cP 5790 6483 5227
MRV (formulated 5W30 engine oil), Yield Stress <35 <175 <175 <175
MRV (formulated 5W30 engine oil), cP 36211 103488 102578 92649

[0075]

In this comparative example, the formulated oil MRV viscosity

values measured were undesirable (Shown in Table 10). The base case full




[0077] Thus, it is shown that HDWfol |l owed by SDWto an acceptabl e pour

point is unable to achieve acceptable finished oil |ow tenperature quality.
Even wherwoheoddsset HDW step is done to within about 11@Crafs2eosp4nesired
target, it is still not sufficient to generate good quality product.[0078]

To | ook at trends going to | ower pour points, the final SDWstep was taken
to | ower target pour points and the datatis pI otted in Figure 3 below. It
can be seen that even at |ower final pour points of -23 and -24C, HDW

fol  owed by &IMéntsdsivatdd wmﬁpleQﬁpeS‘?@ ipoar pbind ghut la SVEEAMRIT visoesity &xanpl e
4 : SDWfollowed by HDW&O?Q To further explore the potential for
i nprovi ng t hd62dWw Q%N{lé? m?féeldu%\ﬂr¢&sy(<§f5 Ba)k | Wh@ H@ddﬁﬁ&wmxamme waudy

3@%3?%353?3@2&%“ Ak wo?éééﬂ%ye%@@dgfﬁgéb”%@%%? SRRl paur
removed in this, ik Bocess. THe Seceniistensalstly WIRYARAGR Splden

done on the nhearly emaxe €ed an y renoves or i sonmeri’zes s

amount s of rpEhdrdhan\@4se Tasel Aaatd fmemhsﬁ&@roft Le7Haanes fBindvaTHRNBYA!
between the first process and second process could be nodified, we extended

t he study tofeanphted whi €dilshake oMR/V bescosigr tspatificatonsi d)mllgotheapp(aafdni n the
first step | eavi ng nore residual wax for the second step to handl e, {0080]
%

In this exanplseosifhang Y1§1d srass. i slhe sgpmﬂlatgem%sxmakew&m ®us
i nternedi ate |nt d icC h dr odewaxi ng. Usi t al yst
A'to the 11 nakotarBibWEl i SRML - T8aba ioNs s SE SOBHR ROR LR R 2s
waxy |'ight fggdstigamrhe FWwad RIRNELKCEHEY Was BB5Tghkp, Béolclﬁmﬁfuuﬁ'légﬁéﬂ ty
grade than in Exanple 1 and 2 and the sare feedstream as used anpl e
3. Table 11. (bW fied bayedasy ddd\aBaieddtsaeks afick FA4Y MRal atasdfdii30 Thus this
formulated oil again fails the MRV viscosity specifications on both apparent
viscosity and yield stress. The most severe HDW example was HDW to -7°C
followed by SDW to -20°C, which is a very similar pour point to the base
case. The SW-30 MRV apparent viscosity was 92,649 cP, again much higher
than the base case, and a yield stress of <175 Pa was found. Thus this
formulated oil again fails the MRV viscosity specifications on both apparent

viscosity and yield stress.

[0076] In all three cases, the NMR results help to explain the MRV
viscosity results seen. The Free Carbon Index has risen to 4.85 to 5.02% and
the Epsilon Carbon content has increased to 15.35 mole% to 16.30 mole%.
This is a comparative example that shows that when the NMR Free Carbon
Index and Epsilon Carbon contents exceed 4.3 and 14%, respectively, the low
temperature quality of the finished oil as demonstrated by the MRV viscosity

deteriorates.

[0077] Thus, it is shown that HDW followed by SDW to an acceptable
pour point is unable to achieve acceptable finished oil low temperature
quality. Even when the first HDW step is done to within about 11°C of the

desired target, it is still not sufficient to generate good quality product.



En ine G| Pro erties Usin Various De rees of SDWto HPW[0082] In this
exanple, the fornmulated oil MRV viscosity values were nuch better than the
base casew(=h@wsséom Tabl e 11). The base case full sol vercTasemsaa2izanple to
-18 0C pour point gave a 5W30 MRV viscosity of 36,21 1 cP with no yield
stress (<35 Pa). The m | der SDW exanple was SDWto +10 OC fol |l owed by SDW
to -21 0C, which is a very sinmlar pour3poeint to the base case. The 5W 30
MRV viscosity was 17,873 cP, which is 51% | ower than the base case with no
Yield Stress (<35 Pa). The nore internedi ate SDW exanpl e was SDWto -20C

fol | owed byv\jjgz())w]o - B@CloomhiiChends BogMth 1§gérlvﬁurﬁ9?§tsgmenfmépsﬂw Rgze

case. The 5 VRV viscosity was 22, 8§26 C 7% | ower than the

base case, amdhsrakefi gl ldwet tagst peBSpdials amaisthe elaais plbaedins Figey Sriel SHW
exanple is the trimcases discussed in Exanples 1 and 2. Exanple 2 al so
used Cat al ysit pambd sche thaly sEnvRyIaw ercisalt gowypeiate of albiendad41C, SHAWEP

whi ch was a % r edyct] and._the benefit magni.t is very simlar to what
i s shown herggl{([’\ﬁ@‘gg?’ §£8\§]| lﬁ,stli”nfl%qomwwec‘&@ﬂ@ﬂﬁ%‘kﬁmﬂﬁmﬁmws help to
explain the MRV viscosity results seen. The Free Carbon I ndex has dropped
tp409t4290/ d il tent has d d to 13.67
o 4. 0.4. a Si content has decreased to 13.
nol e% t o 1?‘??‘1‘]%1@0@‘)?& 9 QW@%&’%% the NVR Free Carbon | ndex and
Epsil on Carbon contents decrease below 4.3 and 14% respectively, the
| owt enper at uf@0HJal i {ho Birtheh explare she goentiahfordermosingathe dowyteiperdfiRxe
viscosity inproves.. [Q084] Thus, it is shown that SDWfollowed by HDWto an
accept abi e p8URLEYPiA ?l.nsshad 1&%@% thg1sjudst Pas exiended iwyond taphdeyaxing.
acceptable finis i u ual it This.l arge benefit; is seen
i ndependent ('Sr?lln[ @%\%)@hgﬂtfﬁg& SRSV £ ing erCess 0°dewaO§ waxy feed so
that the majority of wax is removed in this first process. The second step of
trim dewaxing is then done on the nearly dewaxed feed and only removes or
1somerizes small amounts of residual wax. To identify whether the balance of
wax removal between the first process and second process could be modified,
we extended the study to samples which had only been partially or mildly
dewaxed in the first step leaving more residual wax for the second step to

handle.

[0080] In this example, the first step is a Solvent Dewaxing Process to
various intermediate pour points followed by Catalytic hydrodewaxing using

Catalyst A to the final target pour points.

[0081] The feed used in this case was a waxy light feedstream from a
refinery and was a slightly lower viscosity grade than in Example 1 and 2 and

the same feedstream as used in Example 3.



anount of SDWto HDW It seens critical that the final step be HDW but

whet her the SDWis run quite mld to higher pour points are run nore
sever el y wo 2b@mssoopour poi nts does not inpact how eff eccrastonsd4panocessi ng
approach is in inpacting finished oil |ow tenperature quality. [0085] To

| ook at trends going to | ower pour points, the final HDWstep was taken to
| oner target pour points and the data i86plotted in Figure 4 below. It can
be seen that as the final pour point is |owered, the benefits continue

until a funalTwmé1r1ssmmwomwé@bgqmwm&@m@mmﬁmmwrs/@ 1 A

dewaxed | ube ba%ﬁéﬁ%bﬂ%o@%rﬂef@ﬁ;ﬁépﬁﬁls ﬁgﬁ)&egi)f SﬁW ttol'ﬁibw 3 and an
Epsi | on CarbomrmoteStot—tess ucvvaAcCEHg%f:o s ,asﬁmuf.v ng a

Free Car bofpd\aferpBherlyeSS. than 4 1 and an Fé%%ébg& b rggpl POy t han
13.3% 3. BAEREgEL | Ube basestocktravi g 6'83&’ Qe uwgoﬁnuc UI 0803um 3.0
to 4.3 and Windehatic \/fé&bsifyiét‘ﬁ‘dd dg.gl e fTonm 10: “/023(.3 A40%5 2@ A teweREsd dbe

basest ock AGTINAAE THcIsRy B18b@Tcbt WET el T T1Te—PURE POf Mt} 57 et yeETT 55 0C|and
-30 0C 5. AViERWRANRGEx! UDE DaSESTOCK acCOor Uiy {43 Cl Al 47 BHTeT 1T T Poyr

Point i s b&IEPAn(BLPEegdd - 30 UC 6. A deWaxefgl UhE DasHSt OCK actyy drmg to

claim1l V\/necg__m RoZR& o B@mRy, iRl Nt 1S berween | A dewaxqd

| ube basesfagd oslty &t,100C ulated o t 1926 15 C
and - 24 0CIEEs fr HEMRASH URE,PATCpt OCk —Acqordoag techatsri—jher gr—the

Ki nerraf[ I C = ngive bif), Vietd Siress 1 C 235110 T Colg L NP~ VISGESTTY
Index i s bfEEHFmulated 5W30 engine oil), P 36211 17873 22826

[0082] In this example, the formulated oil MRV viscosity values were
much better than the base case (shown in Table 11). The base case full
solvent dewaxed sample to -18 °C pour point gave a SW-30 MRV viscosity of
36,211 cP with no yield stress (<35 Pa). The milder SDW example was SDW
to +10 °C followed by SDW to -21°C, which is a very similar pour point to
the base case. The SW-30 MRV viscosity was 17,873 cP, which is 51% lower
than the base case with no Yield Stress (<35 Pa). The more intermediate
SDW example was SDW to -2°C followed by HDW to -19°C, which is a very
similar pour point to the base case. The 5W-30 MRV viscosity was 22,826
cP, which is 37% lower than the base case, and no Yield Stress (<35 Pa) was
found. The most severe SDW example is the trim cases discussed in
Examples 1 and 2. Example 2 also used Catalyst A and the 5W-30 MRV
viscosity average value was 19,624 cP which was a 46% reduction and the

benefit magnitude is very similar to what is shown here.

[0083] Again, in all three cases, the NMR results help to explain the MRV
viscosity results seen. The Free Carbon Index has dropped to 4.09 to 4.29%
and the Epsilon Carbon content has decreased to 13.67 mole% to 13.72
mole%. This shows that when the NMR Free Carbon Index and Epsilon

Carbon contents decrease below 4.3 and 14%, respectively, the low



95 and 150, and the Pour Point is between -6 0C and -30 0C. 9. A dewaxed

| ube basestock according to claim1 wherein the kinematic viscosity at 100
0C i s betweancdss®tt and 7 cSt, the Viscosity |Index is betwmaseoos®2iand 120,
and the Pour Point is between -15 0C and -24 0C 10. A dewaxed | ube

basest ock according to claim2 wherein the kinematic viscosity at 100 0C is
between 3 cSt and 7 cSt, the Viscosity-Pridex is between 100 and 120, and
the Pour Point is between -15 0C and -24 0C | |.A dewaxed | ube basestock
accordi ng t o tempemtdrevdel i of the fikishedadil as desonstratyddty hHROMBY ivischeirpeen 4
cSt and 5 cSt, the Viscosity Index is between 100 and 120, and the Pour
Point is bet WBBHOVESS OC and -24 0C. 12. A dewaxed | ube basestock having a
Free Carbon Index of less than 4.3 and an Epsilon Carbon nol e% of | ess than
14% prepared by a process conprisinga) solvent dewaxing a |lube oil boiling

range feedstr i n g ]g(gy;@ 1 AR, f L

sol vent dema}iggggu]con?@gﬁ\ég?% ﬁgr e ?h%@g%@?ﬁ)é at dlf()agg—t[ﬁg@g[gr% g‘?ﬁ%@k%)g%vaxed
fraction; ancgda}y podittiact Sd”t?riﬁﬂggf oEedtial meaflewmratele astdprablvifidisid oil
hydr odewaxi ng catal yst in the presence of a hydrogen-containing treat gas

in a reacti odowttagpevgereagqeaitynddus brgebenefit isysdew dedependentaufiitie télatise
t hereby produci ng a rea%i on_product conpri Si Eghgé | east a gaseous product

and |iquid prigeigy ofpaiita Iéﬁi"\ﬁ |1t geems pria hedind step be ¥ bugbe
b tock. 1 b K. di t laim 12 wh i id
yer odevei ng IR B SRR 3F SREGRIC GHISERP B s bl 35 108 o
ZSM 48, ZSM SéverBRl 8o 189ér Pdur pARE Hobs npﬁﬁﬁ@a,@’tﬁho@@?&o‘ﬁ%e fhP %}{chssigg'?' 42,

fluorided alum na,” silica-alunmna, fluorided silica alumna, s et
Ferrierites, apprabehiis én irophctetg fieishéd biidbtvetenigeadrar fealitand

[0085] To look at trends going to lower pour points, the final HDW step
was taken to lower target pour points and the data is plotted in Figure 4 below.
It can be seen that as the final pour point is lowered, the benefits continue

until a final MRV viscosity of 10,000 - 15,000 cP is reached.



m xtures thereof under effective catalytic dewaxing conditions. 14. A
dewaxed | ube basestock according to claim 13 wherein said hydrodewaxi ng

cat al yst wonpiase®ia zeolite sel ected from ZSM 48, ZSM P2TarsdooZ8ht128. 15. A
dewaxed | ube basestock according to claim 14 wherein said hydrodewaxi ng
catal yst further conprises at |east one netal hydrogenati on conponent,
which is selected fromGoup VI netal s;3%Goup VIIl nmetals, or mxtures

t hereof and contains at |east one Goup VIII noble netal. 16. A fornul ated
oi | conpri €IMS8): a maj or anmount of at | east one dewaxed | ube basest ock
according to claim4, b%) at | east one conponent selected from di spersants,
det er gent s]. wealewaxkilbubebssessok bavidari Ereer Gatbonnhideixt@frlsss dhamd didnder s,

Pty gt Nl . ddi 11 ves.
Vi scost 1y | naB RSOk aien TolGe 61 BbI AZsant s, and foam i nhi bi tof . 17.
A formul at gd I%Id ﬁ?{%ﬁrlﬂbg%a%e%t&ékah%@iﬁg “@Fé'eetgrbto%‘;lnf%&rﬂﬂlggseﬁllag'i.l'a%dan .

engi ne oi |~ 18. KN “éhgi né" o1 1 accordi ng 1o ¢l arm erein sald engine oil

has a M ni RaindkysiMnSCamphaholvs 69 $sk ¥hdd p3mBahout 10, 000 cP to about 30, 000
cP. 19. An engine oil according to claim17 wherein said engine oil has a

M ni Rot ar §. \A sleoaseéddubd basestock havorp abozet CabodddeR of draaip 3ut to24. 3¢00 cP.
20. An engine qil_according to claiml17 wherein said engine oil has a Mni
Rotary Vi scoreERfilap Gatoniiokpiomd0%30d4d @ t o about 20,000 cP. 21. An

g? g;ng e\(/)vial(égo l}%:i Seixrég: lu%za b‘f’zliltsesltgcal;§ tacggrd(i/ﬁgb¥o C a{iglhtl v?zhe}eri]l? thé tP%lur (i%riTRto?si tion
between -6 °C and -30 °C

5. A dewaxed lube basestock according to claim 2 wherein the Pour Point is
between -6 °C and -30 °C

6. A dewaxed lube basestock according to claim 1 wherein the Pour Point is
between -15 °C and -24 °C

7. A dewaxed lube basestock according to claim 2 wherein the Pour Point is
between -15 °C and -24 °C

8. A dewaxed lube basestock according to claim 1 wherein the kinematic
viscosity at 100 °C is between 3 ¢St and 7 cSt, the Viscosity Index is between
95 and 150, and the Pour Point is between -6 °C and -30 °C.

9. A dewaxed lube basestock according to claim 1 wherein the kinematic
viscosity at 100 °C is between 3 ¢St and 7 cSt, the Viscosity Index is between
100 and 120, and the Pour Point is between -15 °C and -24 °C

10.A dewaxed lube basestock according to claim 2 wherein the kinematic
viscosity at 100 °C is between 3 ¢St and 7 cSt, the Viscosity Index is between
100 and 120, and the Pour Point is between -15 °C and -24 °C

11.A dewaxed lube basestock according to claim 1 wherein the kinematic
viscosity at 100 °C is between 4 ¢St and 5 ¢St, the Viscosity Index is between
100 and 120, and the Pour Point is between -15 °C and -24 °C.

12. A dewaxed lube basestock having a Free Carbon Index of less than 4.3 and

an Epsilon Carbon mole% of less than 14% prepared by a process comprising



basest ock having a Free Carbon Index of from3.0 to 4.3 and an Epsilon
Carbon nole% from 10.0%to 14.0 % and wherein the kinematic viscosity at
100 OC i swbevawwasm03 cSt and 7 cSt, the Viscosity |Index ipsThstewspmn1®b and
150, and the Pour Point is between -6 0C and -30 0C b) at |east one
conponent sel ected from di spersants, detergents, wear inhibitors,
antioxidants, rust inhibitors, denuIS|fﬁ%rs extrene pressure agents,
friction nDdifiers, mul tifunction additives, viscosity index inprovers,
pour poi nt de@resh&mt&kv&ndngoanhﬁmhbhiboﬂﬁu;aaﬂgmhﬁ%éﬁﬁmhhansai@oﬁwﬁkne
oil has a Mni Rotary Visconeter viscosity from about 10,000 cP to about
25,000 cP. 22. Aevwangigetagel opermsed sindgr eifective | whuentedewaripgweonditions t he

t ot al ti a dewaxed | ube basest ock havi a Free Carbon | ndex of
from3 0 Te a5 by RreBURNE Rt ARt RaRGN o et 10550 8754 o o and
wherein the k i t e the
Vi scoIS| ty | ndﬂég%@{a‘gﬁp g\esgﬁfgéﬁ (1%%8( ?&é‘fth&’ gourgpg‘fhﬁ)tﬁ Ewagaﬁléc an -
0C and wherei n gai e daueosRe bﬂtaeh éﬁ@@ﬁta&ﬁ"m repa g8k BY a2rdicleRSStage
conprising (i) solvent dewaxing a | ube oil b0| i ng range feedstream | n a

sol vent dewaxi ngpstaerk uoger affedtmndhgdro&feﬁxacxing/eoa@ﬂtmstthdeb@mmgnmmgl dions

thereby producing at |east a partially dewaxed fraction; and (ii)
contacting sai d TPRAFIANAIPPUESRMBESINE A¢ {526ha @RsePUWs MPEREiraddiqwg eadustyst in

oper at odunder. AMaER e ApRRDARNIhyhbERy SRS FubERT R g a

reaction prngdyCtdSOMRIA Slub abade8RRk RBBRBAYS to claim 12 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.

14.A dewaxed Ilube basestock according to claim 13 wherein said
hydrodewaxing catalyst comprises a zeolite selected from ZSM-48, ZSM-22
and ZSM-23.

15.A dewaxed lube basestock according to claim 14 wherein said
hydrodewaxing catalyst further comprises at least one metal hydrogenation
component, which is selected from Group VI metals, Group VIII metals, or
mixtures thereof and contains at least one Group VIII noble metal.

16. A formulated oil comprising:

a) amajor amount of at least one dewaxed lube basestock according to claim
4,

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index

improvers, pour point depressants, and foam inhibitors.



product and liquid product, wherein said |liquid product conprises a dewaxed
| ube basestock. b) at |east one conponent selected from di spersants,

det er gentwo 20205590mhi bi t ors, anti oxi dants, rust inhibitecsusdesvksidiers,
extreme pressure agents, friction nodifiers, nmultifunction additives,
viscosity index inprovers, pour point depressants, and foam i nhibitors, and
wherein the said engine oil has a Mni-fbtary Visconmeter viscosity from
about 10,000 cP to about 25,000 cP. 23. An engine oil conprising: a) at

| east 60 %1byAweirgitated dihectoidihg corggish tieorvinheia tevwtorathlhibeodasest ock
having a Free Carbon Index of from3.0 to 4.3 and an Epsilon Carbon nol e%

from 10. 0% t oerfgdngoids and wherein the kinematic viscosity at 100 OC is

between 3 ¢St and 7 cSt, the Viscosity Index is betwen. 95 and 150, .and the
Pour Poi nt 18sARcaging g 26cqieiiighdo Il SHeE e H2iTe elnhae 3t MR | 5

prepared by I 5 S [isSi, L) S Ln I b boilin
range feedst ?%gﬁﬁfSﬁsé:Oi]gqqg%H{b“g%\t/%t{%ﬂlg%sq\{ggg’mtoe%)(ﬁlr%ggfﬁ%(ﬂ%’cti ve °
sol vent dewsxhRoeeidiohl aBSordiify e9%IRRPITCIIGrah dafBThetePdill had hymigwaxed
fraction; and (i1) contacting said partially dewaxed fraction with a

hydr odewaxi ngRo@ataVystondtet hizcpsiesomeatsfut d OHQQD ddyenatemnt2s, 00hgPt r eat gas
in a reaction stage operated under effective hydrodewaxi ng conditions,

t her eby pr Qubhrnging @ik erenrdptd duclaiabyr Whicrrjjnatald €agines ofabzoashibiduct

and |iqui d prgduct whergin said,|foul o R1 Q3450 SPIPHSIS AR Epxed | ube
21. An engine oil comprising:

a) at least 60 % by weight of the total composition of a dewaxed lube
basestock having a Free Carbon Index of from 3.0 to 4.3 and an Epsilon
Carbon mole% from 10.0% to 14.0 % and wherein the kinematic
viscosity at 100 °C is between 3 ¢St and 7 cSt, the Viscosity Index is
between 95 and 150, and the Pour Point is between -6 °C and -30 °C

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index
improvers, pour point depressants, and foam inhibitors, and

wherein the said engine oil has a Mini Rotary Viscometer viscosity from

about 10,000 cP to about 25,000 cP.

22. An engine oil comprising:

a) at least 60 % by weight of the total composition of a dewaxed lube
basestock having a Free Carbon Index of from 3.0 to 4.3 and an Epsilon
Carbon mole% from 10.0% to 14.0 % and wherein the kinematic
viscosity at 100 °C is between 3 cSt and 7 cSt, the Viscosity Index is
between 95 and 150, and the Pour Point is less than -6 °C and wherein
said dewaxed lube basestock is prepared by a process comprising
(i) solvent dewaxing a lube oil boiling range feedstream in a solvent

dewaxing stage operated under effective solvent dewaxing



b) at | east one conponent selected fromdi spersants, detergents, wear

I nhi bitors, antioxidants, rust inhibitors, denulsifiers, extrene pressure

agent s, fwoabeanssswndi fiers, multifunction additives, vi 2COAISLY0sIOMTEX

i nprovers, pour point depressants, and foaminhibitors, and wherein the

said engine oil has a Mni Rotary Visconeter viscosity fromabout 10,000 cP

to about 25,000 cP. 24. A nethod of fordutating an engine oil conprising

bl ending a dewaxed | ube basestock as characterized in claim6 with at |east

one conponent sel ec¢@tifioamithretpe psadicing detledsyenpartiallgade wakdbiraotion;

antioxidants, rust inhibitors, denulsifiers, extrenme pressure agents,

friction nodifiers,amdltifunction additives, viscosity index inprovers,
our point depressants, and foaminhj bitors. . . :

P P P ?11 contacting said partlallly dewaxed fraction with 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 at least a gaseous
product and liquid product, wherein said liquid product comprises a
dewaxed lube basestock.

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index
improvers, pour point depressants, and foam inhibitors, and

wherein the said engine oil has a Mini Rotary Viscometer viscosity from

about 10,000 cP to about 25,000 cP.

23. An engine oil comprising:
a) at least 60 % by weight of the total composition of a dewaxed lube
basestock having a Free Carbon Index of from 3.0 to 4.3 and an Epsilon
Carbon mole% from 10.0% to 14.0 % and wherein the kinematic
viscosity at 100 °C is between 3 cSt and 7 cSt, the Viscosity Index is
between 95 and 150, and the Pour Point is less than -6 °C and wherein
said dewaxed lube basestock is prepared by a process comprising
(i) solvent dewaxing a lube oil boiling range feedstream in a solvent
dewaxing stage operated under effective solvent dewaxing
conditions thereby producing at least a partially dewaxed fraction;
and

(i) contacting said partially dewaxed fraction with 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 at least a gaseous
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product and liquid product, wherein said liquid product comprises a
dewaxed lube basestock.

b) at least one component selected from dispersants, detergents, wear
inhibitors, antioxidants, rust inhibitors, demulsifiers, extreme pressure
agents, friction modifiers, multifunction additives, viscosity index
improvers, pour point depressants, and foam inhibitors, and

wherein the said engine oil has a Mini Rotary Viscometer viscosity from

about 10,000 cP to about 25,000 cP.

24. A method of formulating an engine o1l comprising blending a dewaxed lube
basestock as characterized in claim 6 with at least one component selected
from dispersants, detergents, wear inhibitors, antioxidants, rust inhibitors,
demulsifiers, extreme pressure agents, friction modifiers, multifunction
additives, viscosity index improvers, pour point depressants, and foam

inhibitors.



