A 110 NEUTRAL BASE OIL WITH IMPROVED PROPERTIES FIELD OF THE INVENTION This
invention is directed to base oils having consecutive numbers of 5carbon atoms and a defined boiling
range, with improved Noack volatility, improved CCS viscosity, or a desired ratio thereof. This
invention is also directed to a process to make the base oil, and a base oil made by the process of
removing a lower boiling fraction from a selected original base oil. This I%%%E’t'.ﬁ%\% so directed to a

method for predicting &&3%&'%7'3%@%@ N AN RROYEDS provided a base

oil, comprising: hydrocarbons with consecutive numbers of carbon atoms, wherein the base oil has a
15 boiling range from 700 to 925 F(371 to 496 C.g; less than_ 0.1 wt % total aromatics; an Oxidator BN
greater than 22 hours; a flash point gre lincH! 5t0 119; and a CCS VIS at -25
C. less than 1500 mRaf/JBrisK 5ot asikects hase isiRrAiARE adrsrqilveemRTisig ohydrocarbons

with consecutive numbers of carbon atoms; wherein the base oil has less 20than 0.1 wt % total

aromaticsBan O3ikafbAoNgRAEkR fRlines heiliag Aanas poihdgrednactovel2hifiing range

from 700 to 925,12, (324 ©d86 Kb AtF &5 ¥ e gedT Sticolalaast A0 BRsrislagtio of a Noack
volatility to a CCéJVIS at -25 C. multiplied by 100 from 0.80 to 1.55. 25BRIEF DESCRIPTION OF THE

DRAWINGS dirggted teanipeasrde makedbmbhapehelyanderbasprdimaderidhtccs vis @-25¢

and Noack VO'?:?B%%EQJ?FQ%@%E%%W&QQErY?tﬁ‘a%hSMfﬁBrﬁ%QBe@&l@éf@ﬂié#@%‘é@ﬁﬂt Chevron
220R, Chevron 5R and Chevron 220R, Chevron 4R and Chevron 220R, and Chevraon 110RLYV and 30

Chevron 7R. ThbigiiereriieneisetshabRpsssesanpaingeior BredisiigmAReal SbAMRYheeded for
SW multiggade gngine oils. The circle in the center encompasses the range of CCS VIS and Noack
volatility needed for 10W multigrade engine oils. The circle to the right encompasses the range of
GCS VIS and Noack volatility needed for 15W multigrade engine oils. Chevron 110RLV is a new base
oil with improved properties. Chevron 100R, 150R, and vron 220R are commercial Group Il base
oils. 5 Chevron 4R, 5R, and 7R are commercial %Mﬁnic unconventional base oils. Chevron 4R
and Chevron 7R are Group lll base oils, and Chevron 5R is a Group Il base oil. FIGURE 2 illustrates a
blend chart havingla fifsstrsirtct ¢fieredslyyaiid <0 @ 8y Sihsdmyaitkevolatility of Chevron 100R. The
blend chart has a 10 second point defined by the CCS VIS and Noack volatility of Chevron 7R. The
blend chart hadtediRieiisomr bR By iraaem vy ps RPN BRER VBRI BeCRSBBAPIOR. Curves are
drawn betWeerbtiénthreesp bimts 700 tar 2 Poidl biaLESVI Bof B340 hnd % NoE ckoptititgof 11.73 is
placed on the ahaitatdiEchatdnsit a2usarfiowimshiebinf gaslkrahihe 1hree ;hage foiks Hkytbde blended

to meet he targeiRQiRt PEARERIRSat —25° C. less than 1500 mPas.

In a second aspect, there is provided a base oil, comprising:

hydrocarbons with consecutive numbers of carbon atoms; wherein the basc oil has less

20  than 0.1 wt % total aromatics, an Oxidator BN greater than 22 hours, a flash point greater
than 210° C, a boiling range from 700 to 925° F. (371 t0 496° C.), a CCS VIS at ~25° C.
of at least 1100 mPas, and a ratio of a Noack volatility to a CCS VIS at ~25° C.
multiplied by 100 from 0.80 to 1.55.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 illustrates lines defining the typical relationship between
CCS VIS @-25°C and Noack volatility of blends of Chevron 100R with
Chevron 220R, Chevron 110RLYV and Chevron 220R, Chevron 5R and
Chevron 220R, Chevron 4R and Chevron 220R, and Chevron 110RLV and
30 Chevron 7R. The circle to the left encompasses the range of CCS VIS and

Noack volatility needed for 5W multigrade engine oils. The circle in the center

encompasses the range of CCS VIS and Noack volatility needed for 10W
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DETMLEO DESCRIPTION OF THE INVENTION Deflnitions: The term "comprising” means including
the elementstep that ed following that term, but any such elements or teps are not exhaustive, and
an embodiment may include other elements Of st consecutive numbers of carbon atoms" means that
the base oil has a orstrthubon of hydrocarbon moleculesa range of carbon numbers, every number of
carbon numbers in-between. For exarrﬁe, the base oil may have hydrocarbon molecules ranging from

C22 to C36 or MAHTadaseBoailFevip XA haKShancRmRRASSTR REdEF I molecules of
the base oil diffee apeeash RIBSELYAANMEHEYE W BPABDimarhgRatosyiag aikonsequence of the

waxy feed used to make the base oil also havin utive numbers of carbon atoms, For example, in

the Fcher-Tropsch hy@faibh RINE s 850 S sthaibyife ARy RIABRAESS CO and the
hydrocarbon meleaiiss A8 RUHEBROARE RN GiPPR RIS CoMATEANGHT G s Aryaskvesy feeds

have consecutive numbers of carbon atoms. In contrast Il based on poiyalphaolefin, the molecules

of a base Bil meHeYromARWaR) faxH ZR AIReRIY BEeReaL gk v RATREIR s AIMBBKERIREhave a more
urn, comprising, adelafivedhlong PasrkhpReoMEv e ErachRSud N IsiARS sIo aindescription of a

polyalphaolefin is a star-shaped 25molecule, and in particular tridecane, which is lllustrated as three
decane molec e ¥itschBdsedeHRdl B5He While a star-shaped molecule is theoretical, nevertheless

polyalphaolefin molecgiest jrave ifusrABd lpBasidierdRataim g irpeapnn Metpades, thas make up

the base oil disclosed her 30A 'base stock" is a lubricant component thatduced by a single

the same specfiERioNS ardeleasikvelatibty ol b AhlRRtudRRAITRARMA8R Fhe same

manufacygersspecificalinn qaRfdhas s ifeciB Y by munigiforadifitpsropedrithitgation numbe -2-
WO 2010/039293PCTIUS2009/046855 both, proces processin_ks maé be manufactured using a

variety of differEhedtabe fhakA3s dishirdiesansBriird dnning, G ogsandNgaekerripiyty

of Chevron 220R. Curves are drawn between the three points. A target point

of a CCS VIS of 3342 and a Noack volatility of 11.73 is placed on the chart.
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A 'base oil" is a base stock or blend of different base stocks. tor blending with additives into firnahed
lubricants 3%%/(%@25@ ations. A -base stock state"product line of base § %gztg@%J@g; different s
but are in thebase stock grouping and from manufacturer. A 'light neutral base oll' has a boiling
range of approximately 650F 900F (343C to 482C), a pour point not greater than about - , and a
kinematic viscegity #é) Gt 1440800 . ﬁé_&glgfl Laralfinic.un &vﬁ%?g | base oil" is
a Group Il or C?r’%%pl ' a%%i%ﬁ:‘%%%ﬁ&g %?eatem&acﬁgg%% para f%c’ carbon and%%essr” AN gO%
naphthenic catishdsdricmeahtipsRraeirinmaysiedone by ASTM D323$-95 (Reapproved 2005)
with ton < ASTM 03238-95 (Reapproved 2005) is the Standard Test d for Calculation of Carbon
Distribution and Structural Group Analysis  of Petroleum Oils by the n-cl-M Method. This method is
for "olefin free" 20 feedstocks which are assumed in this application to mean that that olefin content
isless, Thg normalization proggss ceraistsof e fedawingir ) lHihg e yak-als less than zero, Ca is
set to zero, and On and Op afe ed proport SUMS 100%, B) Tthe On value is On is
set to zero, an@fﬁf-_p are insed proportionally so 25 thatis 100%; and C) If both On and Ca
arthan zero. On and Gaaie 50t 10,20/0:ANY QRIS SEIAAAT SestMelbod Deste Boling. e |
rangtheboilingvtinclusive of the end points; as measured by’ ASTM 0 6352-O4 and referred to herein
as SimDist A HygrsEad alienins Bsiing ranhelamosi e oDemasieRamiprRe S 8% week boiling p&nt
greater than 7Q0F andia9$AYRUIRGRAIALISS ARA08TLHLP AALA/ARIZ93RET/US2009/046855

"Kinematic viscosity" isement in mmits of the resistance. to flow of a fluid under gravity, determined by

ASTM D445-06, 'Visch<HyameRrq v RbaR e SRthealean g ise st w o Al il /e88range on
the kinematic iagasitnef thergirotheiahabiBe. d-0ban ailriRedonrarierdenciinehange viscosity
with temperature, VI is measured according to ASTM 2270-04. "Cold-cranking simulator apparent
viscosity" (GCE¥RRE)yrgber of carbon aumbers in-belween. For example, the bese off may

have hydrecarbon molscules ranging from C22 to 036 or fram C30 to 080

with every carbion numbsr in-betwean, The hydrocarhon molecules of the

15 base off differ from each olter by sonseoutive numbers of carbon sloms, s g
| mme{;uemm:@f the waxy feed used 1o make the base ofl also having
consacutive numbars of carbon atoms. For axample, in the ?‘gst:mr!%’mpsﬁﬁ
hipdrovarbon synthesis reaction, the source of carbon aloms is OO and the
hydrocarbon modacules are bullt up one carbon atom at 2 ima. Pebrolsums

20 derived waxy feads have conssoutive numbers of carbon atoms. In contrast
to an off based on polysiphaaiefin, the molectdes of 2 base ol made from 2
waxy feed and h-av;iﬂgaémse&uiﬁ:&mwbﬁm of carbon atoms have 3 more
linear shructure, comprising a relatively long backbone with short branches.
The classic taxtbook desoriplion of 2 polvaiphaoiefin is & starshapsd

25 molecule, and in particulsr idecans, which is Hlustrated as thrae decane
moleciies attached at 2 central poind. While & starshaped molecule is
theoretical, naverthelass miyaigghmiaﬁﬁ micleoules have fower and longer
branches that the hydrocarbon molecules thet meke up the base of disclosed
harsin,

3 A“base stock” is a lubricant component that is produced by a8 single
manufacturse o the same specifivations (hdepandant of feed source ot
rmarnfaciurer's location): that meets the sams manufactursr’s specification;
and thas is identified by a unigue formuls, product identification number, or

I



nt in millipascal seconds, mPa.s, to measure the viscometnc properties of lubricating base oils under

low tempe 1518 glgg%\gl shear. GCS VIS is determined by ASTM D 529314 ;R yolatility” is
defined as%gjé ma}sas of oil, expressed in weight 3 which is lost When the olliillfls1= heated at 250C with a

constant flow of air drawn through it forutes, measured according to ASTM 05800-05, Procedure B.

-Pour poinr is a2 meagurementhe temperature at which a sapy f bal er certain carefully
controlled con%ﬁr%‘ﬁs; %%?cﬁ%%%b%@ﬁ%’?n{%%%g%g? ?é%agﬁ%%%pr%e Koéﬁ%épog tgéé%&#/{%?ﬂlash point' is a
measure of thetensesey inbthdibaserbiied Hobed i miatlisirturelwith sfitingeheontigiind laboratory
conditions, 20 measured using.a Cieveland.open - pup.a us. fmanyal or automated) by ASTM
092-0%, kOxig%%h%é%ﬁrgé%éél%%ﬁ%%r%%%ﬁg%%ﬁgﬁﬁg?@mugﬁa%% g}gﬁ%at n. High values, or long times
to adsorb one liter of &xyges Hillicascbgesd:abititybonit soiifinreahtisgvistecbarmidtype oxy 25
absorption appakaius. (R, W. "Oxidatibn. of WhitecQils: I trial and,Engineering G ﬂemistry, Vol,
28, page 26, 1%% g%%%e?:éé&aet%{ggﬁ%?eg%?%ﬁr%vgg%%g%%{%%%@gﬁéﬁghe In iﬁcﬁg‘, to absorb 1000 ml
of 02 by 100 grarsiafadibissteported, in the Oxidator BN test, 018 ml of catalyst is used per 100 grams

of oil, The catalyst is . @%gg&%&%@@@%%&%mw %@jgé .. 't@ﬁ@ﬁg@g.gw@tanalysis of
used crankcase oil, The additive package is 80 rriflirnoies of zinc '
bispolypropyleviephaitialthibprodp Hate pEr1besgrsinstob e v intidasorasithe UV and
oxidation stabygé%ﬁéﬁﬁﬁgrpil, It Can be measured by HPLC-UV,. In one embodiment, the testis
conducted using a Hewlett Packard 1050 Series Quaternary Gradient High Performance Liquid
Chromat&graphy (HPECHaistemtrabbiptsuaiitheas Bralisg Hoge AHBSRUVS gl SAtbh.
Idenlification ophe indiyidual alomfeqed (8 antdfChemr-hase gikaanhe: made gadhe basis of the

UV spectral pattern and the elution ttme._ﬁhe amino column used forzthis analysis differentiates
aromatic basisérreRianiesERbet Hdbusiabeubhishitent fimntife single ring aromatic
containing molecules@tg% g%é@ﬁ%ﬂ%@g{%@@@@@ﬂ@é%@ gfdpexaaging)double

bond number per molecule, For aromatics VA?[IIQ?SIm”ar double bond character, those with only alkyl
substitution onbéRREETIREPharRMBSENRRN Rap AENESURRIEHAT U RE§UNSE AldRntification of the

various base oil:aromake Rrosamonsifiga gV sorbance spectra can be accomplished
recognizing that their peak .tronic transitions are all red-shéfég‘ﬁ rg_l ive to the pure model.compound
a degree dependent Shdd 6RIETORARIRRY Hstdithdre-Sub: ﬁ%%ﬁ@rﬁ’%ﬁ‘ %’%@%‘Tg%

Quantification ghthewelsing:arasretic pormRUAdscanheveadeinsinicom igralweintiegrams made
from M@ﬁhﬁ& for Caloulation of Carbot Distribution and Strushural Group Anglysis
of Petroleum Olls by the n-d-M Method, This method Is for "olefin frae”
20 feedshocks which are assumed in this application to maan that that olefin
content v € wi¥% or less, The normalization process consists of the following:
A} if the Ca value is less than zero, Ga s setto zevo, and On and Cp are
intreased proportionally 5o that the sum is 100%. By i the On value is less
fhan zers, On s set o zern, and Ca and Cp are increased proportionally so
25 that the sum is 100%; and C) i both On and O are less than zero, On and
Ca are setio rero, and Cp s gl o 100%.

Test Mathod Desoriptions:
“Bolfing rangs” is the 5 wi% bolling point fo the 98 wi, inclusive of the
30 end points, as measured by ABTHM § §352-84 and referrad 1o herein ag
SimDist. A hydrocarbon with a bofling range of 700 to BUO°F, for sxampie hes
a 5 with bolling polnt greater than 700°F and a 85 wi% boiling point less than
gROF.
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20 *avelengths optimized for each general class of compounds over the appropriate retention time

window forﬁg%gr{jogwgazt%% Retention time wind aromatic class can be determined by manually
evaluating he iAUVITIAT Absorbance spectra of eluting compounds at differ%ﬂptﬂ??@ggé%‘&sé ing them to

the appropriate aromatic class based on their qualitative 25 similarlty to model compound absorption
spectra. Base Oil «We have developed an improved base oil cor@prisirgéjydrpcarbons with
consecutive numbers ﬁ%%%% PAGHRTR IR SRBEHIRENRTHHE BYEe DIPBERASHBBARR Fange from
700 to 925F (3gdutaxta WiftamIO5dadity kandaMarcioyvolatiity teasstsan 18 wt%. WO
2010/039293PCTATS2009/046855 ., .In a second embodiment, the base oil has a boiling range from
700 to 925F (371 to iggﬁéﬁs Wﬂf%ﬁw‘ o %ﬁﬁ@%ﬁﬁ%&%@%{%ﬁ% SSHGRITEDS ¥Pa.s. In a

third embodimesftzthetissenitdasachaitiog 0%0RIGinarA26E (IEbLRAS6I) AICTHAG;AE-25%C of at

least 1100.inPas nd a of Naack volatility to CCS \AS at -25C multiplied by, 100 from 0.80 to The
base oil has a%@aﬁ‘fg*?@sgfm%ﬁ%%% BRthEPHY ﬁ?ﬁ%ﬁﬁ?ﬁﬁ’éﬁ%?ﬁﬁ@'@%‘iﬁf&%%@%ase oil, 1A
some embodinrgsrtize:MiitDaO50talitg R o 1T X6 3485 such as07 tO 115,107 to 113, 109W
114, 0or 110 to 115. Th .§%§e oil has&glycg_vﬁa%l%ack vole Iét}éz %eﬁn rallﬁkggg# n 2 than 20 wt%. In some
aﬁ?@g?fﬁg SRt or "6'5 wt%. In one

embodiments the NoacC vo%ﬁ%}?&ess an , _
embodiment thadssse sithas iamdijdao: Shithatgrest thantdé8neas 2% tre2ddwmunseitiz some

embodiments the Qxidator.BN.qf 1. oil.is.higher.than the ariginal Oxidator BN, of an original base
oil from which e%ﬁ%@u %%ég%gE}%%%%Qﬁ%%%[{%?e%gy{r%%é%ﬁiﬁ{ﬁf? §$ﬁ8ﬁs&§§% ‘point, such as
greater 20that-2OE] Gleatetatmimad 3¢, A Thé &iFERZAB20C. Generally, the base h point less than
275C. embodiment t _ il A\ TANT | aromati W%, less than, Q10 M%, or
less tha One feature hﬁq&%&%{%&g@ﬁﬁgz tgr%\g%#ié%r%o l% t%{egn%%&dg i?g %%%%?ﬁgﬁsﬁﬁﬁ%#ﬁ%hed
lubricants by b@ﬁh@t%ﬁﬁé‘@@ﬁ%@ﬁdﬁéﬁ%&@@ﬁﬁ@?ﬂesﬁﬁmm&mmﬁimlﬂ@@ﬂjﬁmts that can
be made from he.bgas,lbinghude eRCING ks, AEPSESONRAYIS MK AR 195 8. g Ssenger car motor
oils, ' and torqtgge u é_s, naéura gas en

rocadure B,

15 “Pour point” Is & rreasurament of the temparature st which o sampls of
base ofl will bogin to flow under cariain carefully controlisd conditions, which
can be determined gy described n ASTR D 5980.02,

“Flgsh point” is & measure-of the landeney of the bass ofl v fomm a

flarmmable mbdure with alr under sontrolied Istoratory conditions, i
20 messured using a Dleveland open cup apparaius (manua! or aulomatad), by
ABSTM D 82-08a,

“Uidztor BN measures the response of g base ot in 2 simulaterd
application. High waluss, or long times to adsorb one liter of oxygen, indicate
good stabilty, Oxidator BN san be mzasured via & Domte-type oxygen

25  absorption apparatus (R W, Domts "Oxidation of White Oils,” ndusirial and
Engineering Chemistry, Vol 28, page 286, 1838), under 1 simosphsre of pure
oxygen at 340°F, The time, in hours, to absorb 1000 mi of Oy by 100 grafms
of ofl is reported. in the Oxidator BN test, 0.8 mi of catalyst Is used per
100 grams of oil. The catalyst is & mixture of scluble metalnaphthenates

20 simulsting the sverage metsl analysis of used crankcase oil. The additive
package is 80 milimoles of zing bispolypropyienephanyidihiophosphate
per 100 grams of ol



d kibricants, aviation lubricants, food processing lubricants, paper and 30forest products, metalworking
fluids, gear lubric mpressor lubricants, une ofis hydraulic its, heat t rier.fluids, and
other induyuﬁdégtﬁlr%%&%?m one embodiment the base oil can be blended I%@g&%ﬁ%%%g . Examples
of multigrade engine oils that can be blended with the WO 2010/039293PCT/US2009/044855 base oil
are 5W-XX-XX, and 15W-XX wherein XX is selected from the. group consisting of 20, 30,40, 50, and
The base of may adaLHAR) BOTFEALE S Atk WE A1 ASARBRHINE I AL HALEb i o
Group Il base eikigigups @rossandiCioupr b baseRilsaiagaiftdiniippendheinfitbdiARhi 509
specification, April 2008. A Group I base oil.has greater.than gr.ggual to 99 percent saturates and less
e or equal (16, IE3D CERP LAY AR R R LA T SR FEIEE G5 A Ds than 120, A
Group HI base(zibtiasit HigthBedoenaabol g CenteativatestanfHESSihasenegumbieed, 03 percent

sulfur and.has a. VI 1 ap, or.eqpal to,120..A Group 1V.base. oil is.a pol olefin. The second
base oil, 8r exal %gggn%%g}gﬁ}é%ﬁlﬁg?km%lgﬁ%gg|@%§§%§8§%ﬁ$ ﬁg%%!@g%foo, such as a
220 neutral, sthiisomienitfioditoents the baSdbilbdddiionttiyctomrprise de Sesandibase ol In one

et 1 B AT S U B el TR g o

than 5 wt% Grou ase oil, , or ase 1 In‘anotheér embodiment
the base oil contdimstiasssthfr 20wandiarsl Oiffess) Hetes Mghleliarafiiscuinsdaxgid amtisase oil.

O | . Ol ‘ Wit _ Wp LV ik 1S il havi
220 Kinematcosiotd Sy B A o B e R B o 150
neutral b8e ok Fhistitcoondsimiid aveatites wottetipr dplmesidy blangrgamidicatdithaissand even
with no other bﬁs&gél? é?ﬁ?ﬁ%%%i&%%ﬁﬁ%%%&% F}L%%%? iﬁ?%%ﬂ&@gf%?&%&@%?&?%fﬂo em

spectficflons including low latility, Examples of modem specifications that these engine oils

can meet are tﬁ@ﬁ@@ﬁi@@@%%ﬁmm@ﬁ&ﬂm@ﬁﬁmﬁﬁﬁ%ymm et 8hgine oils.
In one embocj'@%@%ﬁﬁ@?%@ﬁ%@ﬁ dedni Ao\ arade -8 |QWLrade.gnd a 15W grade

engine oil withaut a amount of Grou‘ll rup IV base oil in the blend. In another embodiment

the base oil caivestiieriéry #itoa BWYRSEsE tHwroraats adraashegrdaernimitrhigh mount of
highly pafﬁﬁ'n'%M%t%ﬁ%%@h&é%gﬁgﬁ@@ﬁ9é¥¢§e§§§§ ioplumaRifinicanconventional

base oils are often considerably more expensive than other Grmgs base oils.’In another

embodiment, théestEniciranadivny oresgbombehiitad Jobtivadathe purg rswehrsuBsaEdI mu
grade engine gils, i dhe copiextef dhiselisslosiia g iohamounLatSEaumiLeRaIuP IV base oil is

considered to be greater than wt%, or in some embodiments a hl%h amount can be greater than 10

wt%, in one enf ArephEs 6 i EE b Sréadira e sw Srade d i prgRat

Yr&de, and a 15W grade

engine oil with@uh-any: fssaup:i 9F roup 1Y Pasgratiin Biebisathdmhanomgaembadiment the base oil
can be blended into a 5W grade, a 1QW grade, and a'15W grade engine qil without any highly

paraffinic’tincot ¥ RIRTRINGREUTIZSH TARAP HRMEH YREaEY SRTRRIFGIRGEBWR, 10W-xX, and
15W-XX enginggitvisconitieteamurafinedudQdantive: 30kt drffarediicatianonihishedidbigvember 1,

2007, Process to Manufacture Base Oil .. . . .
igmﬁs or sach aromatic class can be determined by manually evaluating the

ieiividual sbsorbance spectra of sliting compourdds at different times and.

gasigning tham (o the approptiate gromatic class based on thelr qualitative
25 shmilarity to model compound -&&smgﬁm soscina.

Base OH
e have developed an improved base off comprising hedrocarbitns
with consacutive numbers of carbon atoms. In one smbodiment, the base o
30 has a bolling range from T00 to 825°F (371 1o 4868°0), & Vi from 108 to 118,
and a Noack volatility less than 18 with,



We provide a process to manufacture a base oll comprising ctrng an onginal base oil having an

original VI %@%&%5 an original Noack volatility from 20 to 30 wt%, an 951%'@?&3%05 VIS atC

from 100 to as.s. We remove a lowerfraction fromiginal base oil, whereby a base oilde having
a kinematic visoosityat | 00C 4,2 to 4.6 mmis, a VI that is at least 4 higher than the ongrnal VI, a

Noack volatility that is af, least 3 JA-3 lower than.the,original Noack, volatility, CC _VI%,%- St that is
within 200 niPas of tr?g énggglgéﬁggéi]ﬁ\gﬁﬁé ’5%% b n{%r%§ segtir("r%ﬁbé;‘3 %1%5\%%% %ggé% ct S% a ratio of
Noack volatilitygF TS M| 8: at S8 Sl lredr b DR WitBinsend es TS 3ifeaTRE Wp dived range
maybefromOStaé) %@t}f{gggb%%o to 1 AO. from 0,90 to 1,30, or 251,0 to 1,30. In one embodiment,

&

theoriginal base oIl has an original kinematic ity at 100C from 375 to 4A5 rnm2/s. When the lower
boiling moved this  lemboihsentiebrbardOing Sranm 24 Hing mbading retige: fowver Hilllilg fraction is all

of the hydgocagbgns-inthe. originakbase-gikboiling belpwtemperatur, ‘ re le 625T, 650T,
G55 of GB0F THe 1iey Boles FACIoriS WO S0 03 ARt S BOREAEs5E Boved by
carefully contré#tidl shblpameidicfaidiyithBuly Eionle D tempiritar&yal e tolt&R emperature, a
tower top press %and a bottom pressure that are Sected to removethe hydrocarbons in the original
base oil boiling below the certain temperature. Various different types of vacuum distillation control
systems may be empldyetiastichidsthasé fhagi inssdhrat] Rdt 818658864 bapegd @lf4,894,145; in
order to providgsthe 'g!;ge,gtﬁg' Ids of ' i XA POUS ] apegmbs iment the VI
of the base oi%%?%?%as;t 5 g%]%? ?I %ﬁg %%%gébﬁggﬁ%%ﬁ%\%%% this e'mgglwrﬁent if the
100rigindl®y1 is*Bdsafia oieie faScteilitiamesi EsroprnelV) lof tH& oHae i1 13, 10820 such that
the base oil is q_ﬁf%ép; Hdbase-il. In one embodiment, the base oil has a VI from 105 to 119, or 105 to
115, The Noack volatility of the base oil is at 1% lower, and up to  wt% lower, than the original Noack

volatility of the original i 56%H O ok R Rpbirsekt e Nisaersady drttctibrbiratieast 5 wt%

lower than the gdginalNaRGlaolafiibn: anathenembodiasabis hasenihasadipask volatility less
than 18 wt%, The CCS VIS at -25C of the base ad s withn 200 mPa,s of h'inal CCS VIS at -25tsC. In

one embodimet® e sn a3 vbians 1ol ren #5605 8¥s mPas or the original CCS VIS at
25C. In 15 I one émbodiment the base off has any Oxidator BN that is greater
than 18, 20, 22, or 34 hours. Insome ambodiments the Oxidator BR of the
base off is Ngher than the original Ovidator BN of an origingd base off from
which the base ofl is made.
by one embodiment the base oft has a high ash point, such as greater
20 than 210°C, greater than 298°C, or grestsr than 220°C. Banarally, the bass
olf hae a flash polint less than ZYEC,
iy one embodiment the bass off has 2 fow wi% toled aromatics, such as
fess than 0.20 wit%, less than 0,10 wit%, or less than (.05 wi%,
One foatups of the bass ol is that | can be blended into g wide varlsty
25 of high quality finished lubricants by blending the base off with one o mors
additives. Examples of finished ubricants that can be mads frors the base off
include engine ofs, greases, heavy duly motor olls, passenger car maotor ofls,
fransrission and forgue fuids, naturs! gas enging olls, maring lubricants,
raffroad lubwicants, aviation lubricants, food processing lubricants, paper and
3¢ forestproducts, metalworking flulds, geer lubricants, compressor %g;i;riﬁam,
turbing olis, hydraulic oy, heat ransgfer oif, barder Suids, and other indusirial
producta. In ong embodiment the base oif can be blended Into & mulligrade
engine ofl, Examples of multigrade enging oils that can be blended with the
B~



one embodirnil has a CCS VIS at -25Can 1500 mPa.s. nother embodirri nbase oil has a CCS VIS at

25C greatq&?gjﬂ@ggggnPa.s, In one embodiment he base oil has pgjwﬁg{@g&%ﬁgﬁg 700 b

925F 25 (3 ne embodiment the base oil is made by a procéss’in additional
step of hydrocracking a heavy hydrocarbonk in a hydrocracking zone to obtain a greater amount of

theal base oil. .The he carhon feedstock has hydrocarbon ngg}!;ec ules with.a cark, 30 number of
C20+, and has@@ﬁf%%%%gfw t r‘t%%% %ﬁ%’F ' -é’@}?ﬁ%& ﬁ%&%}%ﬁ gé%% ffeedstocks
include vacuumgraspiiovaistimaddal §as &, Shckwd@}. Fischer-Tropsch derived waxy feed, WO
2010/039293PCT/US2009/046855 igh.. .point polyalphaolefin, foot icrocrystalline
wax,mixtures th Ipha’o %f%\‘gﬁﬁﬁ%%%ﬁ@&ﬁ{?@% o o%%’é’réggé%r%e%% ._é& f)fpggrga%%%aconditions in
the hydrocrackimgbzdirashbirctysicahdfiperamensial Bydugclboking @pefationsiin@nathdlipdiment the
operating gondjtions. i bydrocracking 7 g,.s6l e heayy hydrocarbon feedstock to
a product%latgé %%%f}f%%%}%ﬁ&%% W%g/% §I§E &i%%gr%ﬁ; wt% o%%yv%ag%gintermediat 10 which
is upgraded tosheiigitiahbéseiblOREd K diente fbedinehistapesitndreonditeisdhithe

comtaining fror SR e L e S S I e o T SR i e e
dintermediate Whgtiontanititfermeepeinifg eoddssmibantiéhy drberiskiighassentinie selected to
f;%gytﬂgﬁ\gy5hx§§§%?§§§é§;{?sggﬁ?ﬁéﬁt&%@rﬁg&%ﬁ'%&%@ YRG- 48R 20 Wi JePR 1R 40 W%, or
W peroent aﬁiﬁir and has a Vi greater than or equal to 120, A Group IV base ofl
i a polvaiphaolefin, The second base of, for exampls can be one having 8
binematic viscosily at 40°0 fromy 4000 t0 48,00, such as 3 230 neulral.
in some embodimenis the base off additionally comprisss a second
hage ol In ane embodiment the base off contains lees than 20 with, less
15 than 10 wi% Group 1 or Group IV base off, less than § wi% Group B or
Groug 1V bass ofl, or no Group 11 or Group IV base ofl. in another
ambodiment the base ol contains less than 20 with, less than 10 wit%, orno
highly parafiinic unconventional hess off. One example of & base of that can
ba made without any Group i or Group IV base ofl, is base ol having a
20 kinematic viscosity st 40°C from 28.00 to 32.00 mm™s.  This base off could
be referred io as & 150 neutral base oil. This 150 neutral base off has perfect’
properiies for Mending with addifives, and evan with 0o other bage olls, infe
angine ofis. 1 can be blended info 10W engine oils that mest modem
speciications, including fow Noack volatilty, Examples of modem
&5 specifications thal thess angine olls can meet ars the AGEA 2007 mits for
ANB3, A3IB4, and AS/BS for gaseline and diessl'enging ofls.
i one embodiment the base ofl can be blended info & 5W grade, a
oW grade, and g 15W grade angine off without 2 high amount of Group L or
Group IV base off v the blend. Inancther ambmﬁmém tha base oif can be
30 blended into a BW grade, 2 10W grade, and » 15%Y grade withowt a high
armoint of highly paraffinic unconventionsl base off Group Hi, Grotp 1, and
highly paraffinio unconventional base oils are often considerably mors
expensive than other Group I base oifs: In another embodiment, the BW,
-



diets fraction. In one embodiment the operating conditions in the hydrocrackirg zone are selected to
convert a rbon feedstock tc:i 20 a product slate containing flt; m tﬁ&‘t&gn 20 wt% or
greater thgf%\ng@ﬁ%@gao wt% of a waxy intermediate, The original bage jc‘?r%%%s an o:r"iginal Vi
from 95 to 115, an original hloack volatility from 20 t, and an original CCS VIS at ',25C from CO to

00 N inthe. _ ing. zone.wr 25 ik of from.ahx« 00 F (260C
1o about 500 F RO RS A A e R R s o A
pressure aboﬁiﬂ@%-&ﬁ@m&iﬁeﬁm’éxﬁmﬁmé¥tmdBpM$ﬁfé}aaﬁ b hcnmwamaﬁﬁp psig, Of
above about 288%%?%&%%9}% ) ?ﬁé% Eggﬁ{%r&%ﬁ%gg . %/giggi%%ggé%?%{%éhe literature and

may be operable, aximum -pra préssure generally' wilfn bout 3000 psig. In

some embodirgetatentbre Sévetdthyirctmekinmpuimaiioin: dusteag highdridriapeiadUrdmspressure

P0L0/039 30 AP L 08 AL b e (O i e s T2 875 0, suoh
as from abou GfeRrSHBAYDeth itk iprahdireasici@pisgsrdfotiisgihtbrdessiotihesaun needed to

crack the targ - e AW ally.falkwithi.the, (cregirelon . ab 0,000
standard cubi?t %é?%éggl: p%%gﬁé#?# o%ygem%%%r%ﬂﬁ%eﬁ%ro%eng%%g%v%ﬁ% tﬁe 'régnge bout
2.000 to abouf1y, BEB SR FERbEMeaTvenieehbps ©bis &Y n tREhRIrdHEintsdsasatt

composed of natyialand syoihstio malsialshavaghydrogenalion snd.dekydragenation 0 activity.

These catalysts are well known in the art and are pre-selected to crack the target molectles and
produce the d&%iisg FrdfustShaperiicnlaro ey é MavambacloctEifo convert a heavy
hydrocarbon feedstock to a product slate containing a commemially significant amount of a waxy
tediate fraction which will be upgraded Ehe original base alt 15 Exemplary commercal crackng

£k pegn sl . A . . .- . . ,
catalysts genciarEniay .&tihina,umina composites, silica-alurnina-z composites',

mposites, acid treatm%g%%séaﬁ , _;m'gﬂmg%)gﬂﬁ@@lgg‘u@ﬁ@@ggsuch as zeolite A.

faujasite, zeolite X, 11,Peolite Y, and various combnations of the above, The 20
hydrogenationféeié

ke qenatisnebhissnehfayirns g iahmMhirestpoind bF GO GSNEDr Group
VIB of thesperiggisfaiieafialementsiMatalsand sasincompouus suatas, fopexample, cobalt,
nickel, molybdenum, tungsten, platinum, palladium and combinations thereof are known hydrogenation
components of Rydr @%ﬁ? Falyster® PSR SSRBURRERE (RSBG e of tiasinaty
intermediate frggiomincludesiihe staps of hydalsemevinationidewaxingiagigamergagion reactor

d hydrofinishing in a hydrofinishing reactor, Hydroisomerization dewaxing. . .
and hydrofinispiag ' 8 By 4 R e %s SATIOh DAY R TR e AN B Shiginal v,

4 Ayt
Y CH

Moack volatility that is el laast 3 wi% lowsr than the original Noack volatility,
20 and 3 DO VIS a1-25°C that is within 200 mPa.s of the onginal CCS VIS at -
25°C,
by one embodiment, the base ol hag 2 ralio of Noack volatiiy o
GOS8 VIS 9t -25°0 multiplied by 100 within g deslred range.  The desired
rangs may be from 0.80 1o 1,55, from .90 to 1.40, from 0,80 t01.80, or from
B 1ot 130
In one ambodiment, the original base ot has an original kinematic
viscosity at 10070 from 3.75 16 4.45 ram’fs. Whan the lower bofling fraction is
wmmoved this raises the kinemalio viscosity of the base ol Inone
ambodiment the base off haw g kinematic viscosity gt 100°C from 4 .08 o
30 475 mmYs.
bione 'ﬁmmﬁi@mnﬁ e lower bolling fraction i afl of the hydrocarbons
i the original base off bolfing below & cartain temperature, such @s for
sxarmple 825°F, 850°F, BES°F, ur 680°F. The tower bolling fraction is
B



hydrolinishing are well known 'in the art, One example of a swtable upgrading process is described in
U.S. Pateny ) 0, where the isomerization of the waxy intermedi |s.carried out at
a lower tom%%gﬁét an the hydrocracking operation. WO 2010/03929?%@/%@%%%@ 46855 Base
Oil by Proce We provide a base oil having a kinematic100t from 4,2 to 4,6 ma VI from, and a Noack
volatility less than. t%. by, SLompyi legting.an otginal base oil. and removing a lower
poiing. . The e b o S R oA SR LR TR Votadity rom 20
to 30 wt%, andemprighhetCES WS bntiaht imnptosims, 1oRsveRas piusbasend prigpesties and
processes are the, esaribed eatlier. EQr example rigi se.qll.may optionally be
made by hydraes L e e R e ne
operating condMitgiRShies iyl bsdiisadndore tareaie dednerehuy: hyédavcerbdifftredstpkio a
product slate copfainin waxy intermediate fraction which | ??!;?d 10 the.original. base oil In
another emboﬁ%ﬁ?ﬁ%@g%ﬁrgﬁﬁ%g%?g%% ga%g%glﬁgﬂl ity to %gég '%@%‘%‘%@é@?ﬁultiplied
by 100 from 0.B0\e%%. BBt fibws 030i0H I8H5 S 1iiH D). 05t 85 4h dhesmbismpritsbaemoving is
done by selectig.point thatproduces.a: el Y-Noll3 ponds to a target yield based on
a commercial degfg%nd% Ii‘gﬁ}tg ngu‘%al%%g’%%,% #%%%ﬁﬁ%g%%%aﬂon cut point the lower the yield
of light neutral base oftthggisprstiREN s \ChniBeahani antegd Wesh Ebigher&animand for light
neutral base ol A yeLCRBIL ok e Al bask llds IngieAsindLISFS daayprall betier base
oil plant profitability. As cg'mmerci%lgdemah'd %gr ﬁghtr_n,eut_ral b_éée o’ﬁggﬁ%s, the distillation cut point
can be s&bcteBFigivat Bt idardoe yibrd Pmbasemibicmiteahitt. nEspeiaiige sngtens in the

hydrocracking gaagglgesherseleaies taaradisaeiqlthol BRbase Ballipbgoragppnds to the target
yield based on commercial demand for li ht:neutral. More severe hydrocrackr{g raises the VI of the
Y,%Bfﬁ. i

waxy intermedfaiERAETBHE MRS PR RIhIER 6 biare WaRyanidneaited #adidh into lower boiling

arhons (some of whichhiliipe subsrauendy wistied.ou of dibase ailhal isweedusedls WO
2010/039293PCT/USé009/046855 A Method for Predictinaa Pr_og&%rty ofaBa Oi We provide a

method for pretctiid? %’Fﬁﬁeﬁfﬁ%?@%fﬁf-ﬁ?%@gﬁﬁ%%%‘@ﬁ‘ "ﬁggﬁ%tﬁ%!?e@ioéﬁ &H# a second
base stog. A ehstbigiprenataes payinoalislpeniHbatdsa sk USeomeiGPIPRRIB: wader low
tha original Noack wolatiity. In angther embodiment the base off hes 8 Noack
volatiity less than 18 wi%,
The CUS VIS at -25°C of the base ol i within 200 mPas of the
origingl CC8 VB at-25°C. In ong embodimant the CCB VIS &t -28°C of the
20 base ol s within 178, 180, or 128 mPas of the origingl COB VIS 8t -25°C. In
are embodiment the base off has & CCS VIS al <25°C less than 1500 mPas
in another embodiment the bate ofl hes & CUS VIS & 2870 greater than
1100 mPas.
in one embodiment the base ot hes a bolfing range from 700 to §25°F
25 {371 0 4880
i one embodiment the base o s made by 2 process including the
aciclitional step of hydrocracking & haavy hydrocarbon fesdstock ina
hydrocracking zone to oblain'a greater amount of the wriginal base oll. The
heavy hydrocarbon feedstonk has hydrocarbon molecules with a carbon
30 number of C20% and has a 5 wi% bofling point greatar than B00F (316°C).
Suitable examples of heavy hydrocarban fesdstocks Includs vacuum gas ofl,
deolied vacuun gas off, slack wax, Fischer-Tropach derived weaxy feed,

~8-



rature and a first volatility of the first base stock, The chart also has point that is a second visoometric

properly urg)gsrzl%%tﬁ%?erature and end volatility of the second base stocli,c%gé% /%&gsstock and
the nd base stock are blended in varying proportions to construct a curve an the first point and the

second point on the chart The curve predicts 10 whether a base oil that is a blend of the first base

stock and the wall. meet base oil regul ant inishe. Ifthe curve falls
below a pomt%%&%#ﬁ%%ﬁe&%é%ﬁ%@%ﬁf&é@g ?{ogrgﬁg %fﬁé%%%%gbgéﬁﬁ%%%#é%gse oil blend
of the first basedtocleaiigivesesonbasdaitvcours. capibredimaiivgah finished lubricant lithe
curve falls above the 15 point representing the base oil requirements for the finished lubricant, then the

correct type of a trim stock is_asce[}%ined by a direction and a distance one would need to shift the
curve. In one embodifERFRECARSHSHY fabricant embodiments the finished lubricant is a multigrade

enginesugh as ZOW'MQ%Q‘Q@Q&Q%&%}W??&&%&%&&%W% _{;@g@%@&gg@gg&g@ﬁ@ng of 20,

30, 40, 50, and 60. In one embodiment the st and second vi'scometric properties undérw temperature
are COS VISCE insthreimbblmsrmis pluigramgehs g cusraionilty Moadrvolatility. e
embodiment Ui Eliv-Rheedp BoIDha G RAse AIKBWIRmeRIS g s Anisked brleant, and a
trim stock is needed to  he rve below'the point. The trim stock is a baSe oil that has properties that

bring the curvarF e EBrictRaNe SHsH PR ERRIRBIBIAT fin? SBER A8 BXBFSENE, a Group IIl, or a
Group IV basg%&g@@%@ﬁﬁgwg&?%5%@@%@@%@%@wﬁsw&%&@{%%&@@era"% less
ck i

of the trim stock is needed the closer the curve is to the point representing the base oil requirements
for the fithe BN PATEISS 16/ 650 SHETRIS B0 /0468552 SmdamBaditent, the first
base stock, the seapichasfisionk. ARAda NimsleskgreplipdhnThe @ eandieiadyiages to using all

Group | ducingion costs and for simplifying engine oil qualifications, For the purposes of this
specification %ﬁ%ﬁp%ﬁ%ﬁgﬁﬁgaﬁﬁ@%%ﬁwwm% SHIFRMEL OB e antities,
percentages oppraprItivns: apshaihernuuessl vaiasuseintihe spagificaipnardslaims, are to be
understood as, _ein%ﬁmoq)ifie%%n an instances fﬁg th§%§nm "agol%%ﬁFurth%r%%% all ranlg_?s disclosed
herein are inclf&VE-6t the et SR AP IREHaED SRTERTy OMbIREHIe: EUBAE ftfnencal range
witt 10limig anchgarupRgrdimiiaon discinsadsrayvaurihg iatin g bindaesnbisnasiiiealy disclosed.

Any term, abbreviation or shorthandunderstood to haye i s b o
y hemvy hy%rams%w%&&a ok to g proaust slste containing iass than 60 wil,

lose than 50 wi%, less than 40 with, or lasy than 35 with of & waxy
intermediate fraction. In one embodiment the operating sonditions in the
tvdracracking Yone #re ssisciéd {o convert g heavy hydiotarbon fsedatock o
20 s product shate containing from greaterthan 20 wi% o greater than 30 wi% o
iess than 40 with of g waxy infermediate,
The origing base ol has an original VI from 88 o 115, an original
MNuaok "xmia%ﬁé%g from 20 to 30 wi%h, and an origingl CUS VIS af -25°C fiom
1100 to 1500 mPa.y. The temperature In the hydrosracking zone will be within
25 the range of Fonyabout SO0 °F (260 °0) o about 800 o {480 °C), such o
within the range of from about 850 °F (345 "C) to aboul BOD °F (425 "CL A
total pressure above 1000 pslg fs used. For sxample the lolal pressurs can
b sbove gbout 1500 paly, ur above sbout 2000 psig. Although groates
rraaxBTorn pressures have been reported in the Beratire and may be
30 operable, the maximum practical ol pressure gmar&&iywii’i-mﬁéxm@ﬁ
sbout 3000 psig. In soms smbodiments, more sevare hydrocracking
sonditions stich as higher temperaturs of pregsure will result In producing an
origing! base of product with a higher viscosily index.
o



ordinary meaning used by a person skilled in the art at the time the application is filed. The singular
forms "a," _ "the.include plural references unless expressly and unequi lly limi 0 one
instance, &82% %’Rt%geg éublications, patents and pateAt applications cited ?hg ﬁ]ﬁgg@é@c}g %gh are herein
incorporated by reference in their entirety to the same extent as if the disclosure of each individual -
publication, patent pplication. o, Ra as.§ ifically.and individually indi e%_ 0.be incorporated by
reference in its entir&;%%tgg%%s%%#&%%ﬁp%o@%ggﬁgﬁg%%?%g ?o](%ﬁggi\ggé éf#&&%lgﬁ including
the best modeftart siisetd Shabibany prsorcbldchidmtbimb KelaosdicetHeSnVéationsdiany

modifications lanyemhodimer. Jhenvention.diselosed.al ill,readily occur to
those 255ki|le§g ?ﬁ%ﬁ%ﬁ(@%ﬁ%}%hﬁg %ﬁ%gﬁﬁ%%g%%ﬁ%%&g‘ a&sﬁi%r%g(ﬁ?]é%tructure and
methods that féititiERSe copeLsT thessseivtaelains PP RS Haples Trdlemalyutral Oil
100R wergve e chewr igh [ ri Qil Plant kan b JORLN. base oHs were
made by %O%%%%@%%%%ﬁ%%%gg%ﬁgg!& 1 (%%29%1%%%& atlﬁ%%%ﬁgé%ﬁcgﬁly 660 to
670T. The aveidigs ppspemiasiat ihahevrendeatriicihoirasasetbbsanilivcthromges two
different Chevign QLY hage @Ig@@s@@@b‘g{gyyg}a@@gable | Property 11IORLV Base Oil 110

RIV Base Oil . IQOR Base OH , 106 Index _ ) o
The catalysis used in the hydrocracking one ans composed of

natural and synthetic matenals having hydrogenation and debvdrogenation

10 activity, Thess calalysis are well ki it the art and e pre-selentad o
crack the farget molscules and produgs the desived produrdt siste. The
hydrovracking catalyst is selected o convert @ heavy hydrocerbon feedstook
o & produdt slate conteining & sommeraially significant amount of & way
intermadiate fraction which wil be m;}gf@ﬁ&%ﬁ o the original base ol

15 Exemplary commercial oracking catalysis generally contain 2 support
consleting of sluming, sillcs, sllics-gluming composites, silica-aluming-sirconia
somposites, siica-glumina-itania composites, acld treated clays, orysiafing
atuminositicate zeoltic molecular sieves, such as zoolile A, faujasie, zeciite
X, zeniite Y, snd various combinations of the above. The

20 hydrogengtion/Sshydrogenation componends generally consist of @ metal or
mstel compound of Group Vitbor Group VIB of the perlodic toble of the
slements, Metals and thelr compounds sush as, for example, cobalt, nickel,
molvbdenurm, fungsten, platinum, palladiom and combinations thereotf are
known hydrogenation components of hydrocracking eatalysis.

28 in one embodiment, the upgrading of the wayy infermediate fraction
invkades the steps of hydrolsomarization dewsaxing in an isomerization reactyr
and hydrofinishing in & hydrofinishing reactor.  Hydrolsomerization dewasxing
and hydrofiniahing ars wall known in the st One exsmple of & suitable
upgrading process v desoiibed in U8, Patent No 8,337,010, whare the

30 isomerization of the waxy intermediate foedstock is camried outf at & lower total
pressure than the hydrocracking operation.

- 11 -



SimDist (Wt%). 'F' 5 668 661 619 10 711 672 20 727 731 Rg 30 745 751 714 40 760 766 732 773

80 748
! WO 2010/039293 PCT/US2009/046855

Bass Ol by Process:

We provide @ base oil having s dnematic viscosity st 100°C from 4.2 10

4.8 mms, a Vl from 105 to 119, and 2 Noack volatiity less then 18 wi% by s
process comprising selecling an origingl base olf and removing a lower bolling

5 fraction. The originel bese ol has an origing! V1 from 85 01138, an original
Noack volatility from 20 to 30 wit%, and an original ©C8 VIS 81-25°C from
1000 fo 1800 mPas: The base ol properties and processes sre the same a8
desoribed salier. For example, the ovginal base oif may optionafly be mads
by hydrocracking a heavy hydrocarbon feedsiook in g ?"fgesﬁmsmﬁkiﬁg ZOne,

10 whergin the operating conditions i the hydrooracking zone are selected io
convart the heavy hydrocarbon feedstonk to 8 product siate containing
greater than 30 wi% of & wivy intermediste fraction which Is upgraded to the
orginat base ofl. in another embodiment, the base oif cen have a ratiy of
Noack volatlity fo COB VIS at -25°C multiplied by 100 from G.80 10 1.88, from

1§ 080t 145, or fom 068 40 1,35,

it one embodiment, the removing & done by selscting a distilletion cut
point that produces & yield of the base off that corrasponds to @ target yield
based o & commercial dermand for a ight neutrs! base ofl. The higher the
distitiation cut point the lower the yield of Bght neutral base ol thatis-

20 produced. This can be an sdventage when commerial demand for fight
nsutral base oif is low, vt demand for higher quality base ofl is Incressing, as.
# leards to overal] better basa ol plant profitability. As commerdial demand for
fight neutral base off changes, the distillation cuf point can be seleciad to
mest a new target visld.

25 In another ambodiment, the operating condilions in the hyvdrosracking
zone can also bhe selegied o produce & yisld of the base off that comesponds
to the target yield based on commarsial demand for light neutrsl, fMore
severe hydeoracking ralses the Vi of the waxy intermerdiate fraction, whils
cracking more of the waxy intermediate Fraction o lower bolling

30 hydrocarbons (some of which will be subsequently distilled out of the origing
base off that is produged).

w43
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A Mathod for Pradicting 8 Property of 2 Bass Qi

We provide a method for predicting 8 property of @ base off thed
sorptizes selecting o first baze stotk and & second base stock. A chartis
preparad having a first point that is & first viscomettlt property under fow
temperature and a first volatility of the first base stock. The chart also has a
secofid point that is s second viscomsiie property undsr low emperature and
& second volatiity of the second base stock, The first hase stosk and the
second base stock are banded in varying proportions o construct 8 turve
betwaen the Hret point and the second point on the chart. Tha curve predicts
whether 8 base ol that is 8 blerd of ihe first base stock and the second base
stock will mest base ol requirements for a finished lubricant. i the surve falls
below & point regresenting the base ol requiraments Ry the finlshed
lubricants, then the base oll blend of the first bage stock and the second base
stook are capabls of making the finished ubnoant. IFihe curve falls sbove the
point represanting the base oil requirements for the inished lubricant, then
the corest typs of & Tim stock is asceriained by & dirsction and a disiencs
ore would nead o shift the curve,

Inong embodiment e frdshed fubricant is an engine oll. In some
smbodiments the finishad lubricant is g mulligrade engine oif, such s
BW-RHK, TOW-XX, or 15WXX, where XX is seledted fom the group consisting
ot 20, 30, 40, 50, and 60

i1 one ambodimend the first and second viscometrie propertiss under
low termperature arg COB VIS ot 35°C, In another embodiment the frst

volatifity and the sscond voladiity are Noaok volatifity:

in one embodiment the curve falls above the poind repfesenting the
bass ofl regquiremants for the Snished lubricant, and a iy slock is nesded to
shiRt the curve below the point. The {rim stock is a base off that has properties
that bring tha curve In the somrect diraction. For @Xam_g}i& the frim stock may
be a i"ﬁmég} H, & Group i, or a Group IV base o) as long as § has dasired
properties that bring the curve iIn the corrsct direction. Ganerally, lesy of the
frimy stook s nesded the closer the curve i to the point representing the base
if raguiraments for the finished lubsicant,

=13



Kinematic vj @IOO0t, 4391 4,540 -4:041- Noack V |1 16,2 232 CCa 25C 1367 1414 1233 Flash Pokit,

COC.*0 216 211 206 Pour Point, -14- Oxidator BN, hours . 29, Total Aromatics 0,0675 00538 0.2264
WO 3610/039293 PCT/US2009/046855

in one smbodiment, the first base stock, the second base stock, and
the trim stock are all Group I Thers can be sdvaniages to using sl Group 1l
for regucing formudstion costs angd for simpdifying engine ﬁ%i.qu&éiﬁaaﬁma

For the purposes of this specification and sppended cleims, unless

5 otherwise indicated, sl numbers expressing quantities, percentages o
proportions, and other numerical values used in the specification and tlaims,
are to be understood as being modified In all instances by the term "ahout”
Furthermore, all ranges dsclosed hereln are inclusive of the endpointe and
are indupendently sombinable. Whenever a numenics! range with 2 lower

10 Bt and an upper Bmit are disclosad, any number Balling withine the range is
also spacifically disclosed,

Any term, abbraviation or shorthand not defined is understood to have
tha ardingry mesning ussd by & person skilled iy the et at the time the
application is filed. The singulsr fooms "8, “an” and “the.” inchude plural

1§ referances uniess sxprassly and ums:gammiﬁy frnited {o one instanics,

Al of the publications, patents and patant spplications cited in this
spplication sre harsin %ﬂmrmﬁt@@ by reforsncs i thelr entirety {0 the same
extent as if the disclosurs of sach individual publication, patent apglication o
patent was specifically and Individusily indicated o be incomorsted by

20 referanpe in ity antirety,

This written description uses examples 1o disclosa the invention,.
ncluding the best mnde, and also o enable any person skilled v the st o
make and use the Invention, Many modifications of the exemplary
gmbodiments of the invention disclosed above will readily ooowr i thoss:

25  skilled inthe art, Accordingly, the invention is to be construed 2s Including ai
structure and msthads that fall within the scope of the appended tlaims,

EXAMPLES

o

Example 1

S
Samples of Chevron Neutral OF 100R were received from the Chevion
Righmond Lubricants O Plant. Chevron T10RLY base ofls wers made by

vaguum distiling off @ fower bolling fraction from the Chevron Neutral Of
i



The remové& of the low boing fractlon of the Chevron 100R gave improvements in a number of different
desired b 0jl properties, including lowering of the Noack volatility, raisi g int, lowering
of the poﬁ%i#ﬁ@%@%ing of the oxidation stability, and reducing of the g')(r%o?r;}% %ﬁ%ﬁ#ﬁer benefit
was that the CCS V1S at -25C was still maintained well ~w 1500 mPa,s Prior to this invention, it had
been expecte L the,r al %h lower boiling. fraction.wol ?}) e Lﬁg cCR.Y1S at-25*C to
well above 1700 Tri 2%‘%%%%%% tﬁ%?sgr%grnuﬁggt%ﬁg%%%g‘é c()gﬁlgsé a%\%%%gé §f/':"ls,éscgt)%ty at 100F f
approximately #48 ggth sroisr ieroaini (OakbasdloildOnd sl fleds ChnaetdRidlips 110N. Another

example is a "110) ‘%I ed. iéﬂ - %e Lt Cfa]g‘?i% g i g{ilgv . .and Ergon Hygold
00, This warteAe T e BRI ISR 288 Ul S RS 200
Kinematic viscogieih:mrn2/s at 100cF can be converted to SUS viscosity at 100'F according to the
arithmeticf}and the reference table provided in AST%&Q%?'LGLOS, The properties of these two

comparison base oils are h n in Table Table H Exafipi&~3- Blends of 1QW30d ngine oil were
madeblends of er nt base stocks. They were blended to ail have, approximately the same kinematic

Gt o AGEREE vy duty engine ol st e . B b B e e, and
their pr described in Table Ut The "X's in the table#itlicate what bas&uded inieach dfthe blepds.
Tabl 1 Base S[OCkS;JeElg&gﬁﬁ}@%Ekend 2 i% ¥i8 TG :
SnDiet WE o | |
0.8 : _
N 668 561 618
‘0 =S N o6 672
50 727 731 8ot
a0 F45 781 o ?’M
40 T80 788 732
8oy 773 T8G 748
80 785 TH3 784
70 787 BU7 78
o0 810 822 798
o0 #25 840 8513
o5 . gad 864 | 8
5% 5 858 RS BEY
807 845 S04
Kinsmsatic Vis @100°C, | 4.3 - A540 ' 4.041
rmie |
Noack Volatity, widh 182 T 148 R
COSVIS st 280 1887 I R R R
Flash Poirt, GOC, "4 3 217 568
Pour Point, °C T a8 15 {4
Ciidator BN, hours 258 281 R
Todal Aromatios ' 0.0875 o.0538 32264

T



Blend Chevron 5R . >40 _ .. nevron 110RIN Chevron 220R f5iron600R XX EN
<20 Chevr n 7R

WO 2010/039293 PCT/US20609/046855
Froperty T {10R[V Base | 110 BRIV Base | 100 Base
o | O ot
Nomck Volafiity /CCS VIS | 119 108 1.88
at
25°C X 100

The removal of the low brdling fraction of the Chaveon 100R gave
improverents in & number of differsnt desired base o properties, ncluding
%eﬁéerémg of the Noack volatiity, ralsing of the flash point, lowsting of the pour

5 point increasing of the oxidation stabiiity, and reduning of the aromatics.
Another banelit was that the CUS VIS at-28°C was sl maintained well
below 1500 mPas. Prior to this invantion, it bad been expected that the
ramoval of the fower bolling fraction would Increase the CCE VIS at -25°C 1o
wel shove 1700 mPa.s,

10
Example 2;

Cithers have manufactured base olls having & SUS viscosity st 100°F
of approximataly 110, otherwisa knoway as 110N base olis, One sxample is
ConoooPhilips 110N, Another example is a3 110N blended with Fischer.

16 Tropsch detivad base olf, Thavion 220R, and Ergon Hygold 100, This
" sxampls is Jully described in US Patent Applivation No, 12/047,887, flsd
March 13, 2008. Kinematic viscosily in mm¥s at 100°F can be converled o
SUS viscosity at 100°F according to the arithmatic and the reference table
srovided In ABTM D 218105,

20 The properties of these hwo comparison base olls are shown In
Tabie Il
Ieble ll
Typical Froperty CanocoPhilips | ‘110N Example
THON from 12047887
“iscosity Index TTTRE 104 )
Kinematic Vis @100°C, L | 4.087

~ 16 =



Group Stock ~ Base Stocks, Ref,.d, ...,.."" .."..'BInd | Blend 3 Additive Package

WO 2010/039293 PCT/US2009/046855
Typisal Property i i’:«aﬁ@m@ﬁééﬁg}s 0N Example |
110N from 12/047 887 |
TR !
Noack Volatiifty, with | &8s | 40Ee
TEOE VIS 8l 2570 7800 TTTTTEES
Fiash Point, GO0, 61 TiEg T
 Pour Poing, *C ' 42 2%
Vol Distiled 2t 700°F 5 (Maxy :
Noack Volatiiy / 005 Vi at 178 R
ZE0 X 100

18

Example 3

Blends of 10W-30 mulligrads engine ol were made with blends of
different base stocky. Thay were blendsd {0 &l have approximately the same
kinematic viscosily st 100°0. An additivs package was selestad that was
designed to formulate engine oflls meeting bath AP G- and ACEA ES heavy
duty engine off specifications.

The composition of these angine off blends, and thelr properties, ars
desoribed in Table . The "X' in the table indicate whal base stocks ware
inchuded in aach of the blends.

Table

Rase Stocks, wi% Ref, | Blend | Blend | Blemd

% 2 3
Chevion BR " T |
Chevron 110RLY I K . b §
Chewror Z20R R XX X
Chivron BOOR. R 3
Cheveon 78 o T <10 7
& ot Group 1 Base | | I8 <3G
Stock

- 17 =



Properties Spec. Arleasurements Viscosity Index1 139 140 140 kinematic Vis ifl0O0C, 2, ril$ 11 6-12.4
120 120 120 12,0 API Grawty NoaEkVoiaiiy, wt Pi0 31.1 30.9 Th25512W 6804 46 3.6 18974- 31.0

e7-66: -35 %}I%%qmss) PCT/US2009/846855
‘Bose Stocks, with Ref. | Blend | Blend | Bisng
12 | 3
Additive Package XKUY
Froperfies Spge Meoasursmanty
Viscosiy index | T 138 | 140 | 440 T 38
Kinematic Vis @100°C, | f1.6124 | 120 | 128 | 120 | 28
mrls
AP Gravity Fibpioal | $11 | 508 | 910 | 814
Noack Volatifity, wi%h | f3iMax) | 12.28 | 10.56 | 1580 195
[CCE VIS al 25T 5B00-7000 | 5458 | 6B04 | 8705 | &803
Powr Paint, °0 T zviMayg | ad | EETUTEE S
HYHNE mPas s TR Ay U RE RS TEE TS
MRY @-30°C, mPas.s | 60000(Max) | 18667 | 10674 | 20781 | 16254
Yisdd Strass Bass | Pass | Pass | Pass Pass
Seanning Brookield & | N T
A0°C, rPas s 18657 | 33361 | 32972 | 20805
Gelation Index | 1oiMax] | 54 | 841 | B8 | B8

The Chevron T1ORLY gave a fechnioal advantage, in et much lowar
guantiies of the more expensive and highly processed Chevion 58 or
Chavton 7R were needed to bland excellent 10W-30 engine oils mgeting both
AP CJ-4 and ACEA ES heavy duty engine off specifications. Blend { had no
Group H bage off or Groug IV bass off, Blend 2 had less than 10 W% Group

i or Group IV base off. Blend 3 had less than 20 wi% Group oo Group IV
base ol Blends 1,2, and 3 all contained no highly parafiinic unconventional
19 pase ol

n

Exampis 4
The chart shown i FIGURE 1 was propared by selscting different
palrs (having o first base slock and w second hase alock) of petroleum

- 18-



31.1 1221- -66-0-3- 45 36 ' 1$Mcx, 1228 6453 -34 36 18657 'eCS VIS at -25C 000 -Pour Point, C

27(A  -RIE'S
WO 2010/039293 PCT/US2009/046855

derived Chavion base stocks, measuring the CC8 VIB at 2570 and the
Noack volatility of each base stock and plotting the points (s first pointend a
senond point) on a x chart. Blends of the paired Chevron base stocks were
mads in varying proportions and the CC8 VIB at «25°C and the Noack

& wolatility of each of the blends were measured and used {o construct & curve
commacting the first snd second points.

The chart shovwn in FIGURE 1 also includey points whers cuitent
comrrercial rgltigrade enging oils wers tested for COBVIS 81-28°C and
Moack volatility, They tendad to cluster info arsss on the charl, The wrea

10 dircling the small trlangles on the ol side of the chart are SW-XX engine olis,
the area clroling the small squarss iy the center of the charl are TOW-XX
enging olls, and the area ciiling the small clrcles on the right side of the chart
are TEWRRX ailgline oflg,

Iy this sorample, bage off reguinements for s 1AW engine off wers et

15 having 3 GOS8 VIS at 25°C of 23800 and 3 Noack volatiity of 14 wib. The
chart in FIGURE 1 was refered to, and it was found that the curve betwesn
Chevron TTORLY base of and Chavron 220R base oit fall below and closs to
ihe point representing the bese oif requirernants for the 10W engine of. This
gave a goeod prediction that the 10W engine ol requitaments could be mat

20 with a blend of only these two bass oils, and not requiring any frisn stock.

if it was desired that the engine ofl have mostly Chevron 100R and
Chevron Z20R bass o, then an amount of trim stock would need 1o be used

fo mest the same base ol ragquiraments. Based on the ohart one would
predict that blending in of Chevron TR trim stock would be a good choise fo

25 bring down the Noack volatiiity of the base off blend to within the dasired
range. Based on the chart one would also predict that Mending inof
Chavron SR or Chewon 4R tim stock woulkd be a good cholee to bring down
the COUR VIS at -25°C of the base off blerd o within the desired range.
Example &

3G _

A target point with 2 CO8 VIS at -25°C and Noack volatifity of 3342 and 11.73

was selectad. This target point defined properties that wifl meet 8 TOW-XX

grads engine oif specification. This targs! point was placed on s blend charl,
- 38



mPas.s 1401ifin1 MRV (c)-30t, rnPas.s GO000tMsxj  Yield Stress Pass PassPass Pass. Pass
Scanning WS%%!%(Z%%C mPas.s 16657 33361 32172 29805 Golatiolyhipf%)z(()gém%S%A

Three different base stocks were selected that heve CO8 VIS at 2570 and
Moack volatilities different from this point, and thelr CCS VIS at-25°C and
Noask volatiliies were placed on the chart, This blend charl is demonstrated
in FIGURE 2. Curves ware drawn babwsen the points daefining the COS VS

& 3U-25%C and the Nosck volatiity of sach of the thres base olls. The qurves
defined 8 spacs inskle the surves, where the target Q‘ﬁiﬁfkﬂm’& positioned,
Tiis blend chart demonstraies that these three base ols can be used v
make = base off blend having spprovimataly the COB VIS at -25°C and Noagk
volatiity of the target point,

10 |
Figure 2 flustrates a blend chart having & first point defined by COS VIS and
Moaok volatitity of Chewron 100R. The blend ghart has 5 second point defined
by the DS VIS and Noack volatility of Chevron TR, The blend cha has &
thirgd point defined by the OO VIS and Nosok volatility of Chevron 220R.

18 Quives sre deown betwesn the thres points *%g) form a ternary blending space,
A target point of 8 GOS. VIS of 3350 and & MNoack volatility of 11.78 is placed
on the chart. This target point is characteristio of 2 typical T0W-RX finished
tabricant product base off blend, The blend chart instructs & user as o how
rriuch of éaai& of the three base olis may be blended o mest the target poind

20 properies.

The series of Bnes conslructed between the three gdges of the temary
blending space rapresent fwes degrees of distance away from sach base ol
somponant. For instance, going away from 100R towards the TRIZ20R blend
25 ourve, 2 userwill sncounter thres lines along the way that are specific 78%,
50%, and 26% teings betwesn 100R/ZZ0R and 100R/TR blend curves,

Thi composition of sach blend compunant al the target point i defined as &
ratin of distances, namely, the distence fom the component point o g
20 perperdicutar line through the target point divided by the distance from the
somponent point to the opposite edge of the ternary blending space. For
exampla, the amount of 7R in the base off blend of 100R/Z20RITR would be
in between 25% and 50% based o the fact that 8 perpendicudar fine through
~ 20~



The Chevron 110RIN gave a technical advantage, in that much lower quantities of the mona
expensive and highly processed Chevron 5R or Chevron 7R were needed to blend excellent 10W-30
engine oiIs%%éﬁﬁ]éoé%?ﬂ‘? API Cand ACEA E9 heavy duty engine oil specifi€4ilohs2BegHdsishad no
Group lll base ofi or Group IV base oil, Blend 2 had less than 10 wt% Group IIl or Group IV base oil.
Blend 3 had less than 20 wt% Group Il or Group IV base oil. Blends 1, 2, and 3 all contained no highly
paraffinic uncoﬁ?ﬁ’é?ﬁf&%ﬁ%@ SRtEREmEE E@ﬁﬁ@%‘&@ﬁ@%%ﬁ%@é GRED s prebardd by
selecting differgntk @ndirecangd .ba@%ss@ﬁ&k%bﬂ@&é@!ﬁ%&M@fé@%@/@ﬁ%@@&%%909/046855

derived Chevronck measurin ‘the CCS V1S at 25C and ;}De Noack volatility of each base stock and
plotting the poﬁﬁgg(- FrEHBbfit HRE S SEHRE B HA Gy chart. Blends of the paired Chevron base
stocks were made in varying proportions and the CCS V1S at -25T and the Noack volatility of each of
the blends,were measured and used to construct a curve connecting the first and second poi The chart
shown in FIGURE 1 also includespoints whet commercial multigrade engine oils were tested for CCS
VIS at 2&C and Noack volatdity, They tended to cluster into areas on the chartarea the small tuangles
on the left side of the chart are 5W-XX engine oils, the area circling the small squares in the center of
the chart are 10W-XX engine oils, and the area circling the small circles on the right side of the chart
5W-XX engine o In this example, base oil requirements for a 10W engine oil having a CCS V1S at
-25T of 2800 and a Noack volatility of 14 wt%. The chart in FIGURE 1 was referred to, and it was
found that the curie between Chevron 110RIN base oil and Chevron 220R base oil fell below and dos
the point representing the base oil requirements for the 10W engine oil, This gave a good prediction
that the 10W engine all requirements could be met 20 with a blend of only these two base oils, and not
requiring any trim stock. was desired that the engine oil have mostly Chevron 100R and Chevron
220R base oil, then an amount of trim stock would need to be used to meet the same base oll
requirements, Based on the chart one would predict that blending in of Chevron 7R trim stock would
be a good choice to 25 bring down the Noack volatility of the base oil blend to within the desired range.
Based on the chart one would also predict that blending in of Chevron 5R or Chevron 4R trim stock
would be a good choice to bring down the CCS V1S at -25T of the base oil blend to within the desired
range. Examp 30 A target point with a COS V1S at -.25T and Noack volatility of 3342 and 1123 d, This
target point defined properties that will meet a IOW-XX.grade engine oil specification. This target point
was placed on a blend chart. WO 2010/039293PCT/1152009/046855 Three different basestocks were
selected that have CCS VS at 45C and Noack vSitillties different from his point, and theirViS at 25C
and

221 -



Noack volatthhes were placed on the chart, This blend chart is demonstrated in FIGURE 2 Curves
were drawn between the points defining the CGS VIS -25t and the Noack volatility of eachhe three
base oils, The curves defined a space inside the curves, where the target point was positioned. This
blend chart demonstrates that these three tase oils can be used to make a base oi volatility of the t d
having approximately the C"S VIS at -2540 and Noack t point, Figure 2 iliustrates a blend chart
having a firtpdinfd&fined by CCS VIS and Noack volatility of Chevron 100R, The blend chart has a
second point defined by the COS VIS and Noack volatility of Chevron 7R, The blend chart has a third
point defined by thasec@GSmSiameg: Noack volatility of Chevron 220R, uNes are drawn between the
three points to form a ternary blending space, A target point of a CGS VIS of 3350 and a Noack
volatility of 1HiBrisptaced ik dastcTiis tarjetypdintisshitrasteristicothg bygical 1BW-XX finished
lubricant prodsgidaseeifbiend) ide Hendtharddsstycissathsen astdhowmlcl eadicafdhe three base
oils may be higngeg ormeskihadangaipain The ssresddineasconsivacied/bemeerstie three edges of

the emery blerging spaee feRrgsenkihreg.degreesoaffistance away from each base oil component
For instance, going away from 100R towards the 7R/220R blend curve, a user will encounter three

lines along th% W%nghé’} 1% ic 75%, 50%, and 25% tie-lines between 100R/220R and looRrm
blend curves The composm ach blend component at the target point is defined as a ratio of

distances, n S{ﬁ the %'%tl cgnfs[songz ‘gglel cqulpo?ggrtb n tto a %erggggg%uls%r li g;%gugh the target
point d|V|deda]g§/ IStance fom%e com onen It fo 1 Ié)(ﬁ?ﬁ e ternary blending
space. For exBipd the® OIS 7R HEHs Fﬁfté 1}12526 pwgb%ege in between

2and 50% ba%ed Brhe sheiinaragdrpBndtaring: t@r@u@ﬁ*%zd: )& betndsrftRdYictlines that are
composed of IsFR] Wsintitaraprocess 1§ ddweclordubiyapd 998 Bugh mpésitions is 100%. We
claim: 1. A basstipilicd by piisingn Aydrocaibons with consecutive numbers of carbon atoms, wherein
the base oil has a boiling range from 700 to 925 F (371 to 496 C.); less than 0 1 wt % total aromatics;
an Oxidator BiNTgreiier shan2ahours:iddlastvipodit grdater i dns 210 Gora NE o 3105 to 119; and a
CCS VIS at -25 C. less than 1500 mPas. 2. A base oil, comprising: hydrocarbons with consecutive

numbers of carhop pienes ovherein dhehase wildhas Iesy thamdh T ovtidol tatal aromatics, an Oxidator BN
greater than 22 hours, a flash point greater than 210C, a boiling range from 700 to 925F. (371 to 496

C.), a CCS VIS ats2aloinl atiigast 110Q:mRas.an aatin akr Neask velatiity 19 ¢GLCS VIS at -25 C.
multiplied by 100 from 0.80 to 1.55. 3. The base oil of claim 1 or claim 2, wherein the base oil has a VI
from 105 to 19551‘ he base oil of claim 2 or claim 5, wherein the Noack volatﬂity is less than 17 wt %.

7. The base oil of claim 1, wherein the VI 1is from 109 1o 114.

£, The base oil of claim 1 or claim 2, wherein the base oil can be blended into a 5W
grade, a 10W grade, and a 15W grade engine oil with less than 20 wt % of Group IH base
oil or Group I'V base oil in the blend.

9. The base oil of claim 7, without any Group III or Group IV base oil in the blend.

10, The base oil of claim 1 or claim 2, wherein the base oil can be blended into a 5W
grade, a 10W grade, and a 15W grade engine oil with less than 20 wt % highly paraffinic
wncaonventional base oil.

11. The base oil of claim 10, without any highly paraffinic unconventional base oil.

12. The base oil of claim 1 or claim 2, additionally comprising one or more additives to
make & finished lubricant.
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4. The base oil of claim 1 or claim 2, wherein the VI is from 107 to 115. 5. The base oil of claim 1,
wherein the base oil has a Noack volatility less than 18 wt 9/0. 6, The base oil of claim 2 or claim 5,
wherein the Noack volatility is less than 17 wt %. 7. The base oil of claim 1, wherein the VI is from 109
to 114. 8. The base oil of claim 1 or claim 2, wherein the base oil can be blended into a 5W grade, a
10W grade, and a 15W grade engine oil with less than ég wt % of Group ILI base ojl or Group IV base
oil in the blent: BRerecsEy ek Halroriiiidtishi CrEaH I SrestBER9%HESE it in the blend. 10.
The base oil of claim 1 or claim 2, wherein the base oil can be blended into a 5W grade, a 10W grade,
and a 15W grdé i bipiaititess s BOhR oy FEaR arasmil s dndlmEriEisttatbase oil. 11. The
base oil of cldifViBXverisuernis Wghly padaffidicrandonvesdionsd basdhsirap ophdsbageloil of claim 1
or claim 2, addifizhallly ¥pemdrésing one or more additives to make a finished lubricant. 13. The base
oil of claim 12, wherein the finished lubricant is a multigrade engine oil. 14. The base oil of claim 13,
wherein the meltigrasiecanpinelaihis & biim O( graidenaly EXMpXXgradesal Bak\WiXX grade, wherein XX
is selected from the group consisting of 20, 30, 40, 50, and 60. 15. The base oil of claim 1 or claim 2,
additionally copptisinga §esons:Rasewdib--+6mE habase.qilf slamachp 1vvassein the second base oil is
a Group Il base oil. 17. The base oil of claim 15, wherein the second base oil has a kinematic
viscosity at 4Q-L£-fam, 40,8Q40,46. 99 ¥R 1tleJig DAse R LTAlRm 1R w&%gﬁgamobase oil has no
Group 1l or %%’c?ﬂycg%ﬁg z?é!{){)]xgm]jp.e base oil of claim 15, wherein the base oil has a kinematic
viscosity at 4 rom 28.00 to 32.00 mm2/s 20. The base oil of claim 14, wherein the multigrade
engine oil megts.an engine gl speciication selecied S e P LAGLEG WAGRAES or 2

19. The base oil of claim 15, wherein the base oil has a kinematic viscosity at 40° C from
28.00 to 32.00 mm?/s.

20. The base oil of claim 14, wherein the multigrade engine 0il meets an engine oil
specification selected from the group of API Cl-4, ACEA E9, or a combination thereof.
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