A 110 NEUTRAL BASE O L WTH | MPROVED PROPERTI ES FI ELD OF THE | NVENTI ON Thi s
I nvention is directed to base oils having consecutive nunbers of carbon
atons andwe 2dsid3pd boi |l ing range, with inproved Noack walratseémitoyesss npr oved
CCS viscosity, or a desired ratio thereof. This invention is also directed
to a process to nake the base oil, and a base oil made by the process of

renoving a | ower ggﬁ |m f heetatsan m oil This

i nvention is al sokgil%rﬂeggé‘{? {ﬁ o}fﬁpredl C ie%gggég@?roper y of a base

oi | . BRI EF DESCRI PTI ON OF THE DRAWNGS FI GURE 1 illustrates |lines defining
NA LS..@ 25

the typical relationship betweg Q .Noack volatility of
bl ends of Chevron 100R wit h CheXx 410RLV and Chevron 220R,

Chevron SR and‘?%@%&&ﬁm@%@@w&@@i@%&%&a ﬂ%@@&é@é&&%@@m@%‘%r@%” on
110RLV and Chevron 7R The circle to the t ‘enconpasses the range of CCS

VI S and Noackrivwt atung apd meddfwddf bpilimyvangss kghdoerevygl NHeadk velatiide circle

For Low mit SIS Bis: vecy <O TREsEry S Vsefle ThoRCealBaibastes the
range of CCiréb&pmta hasriss\tohatid ihbybaeesiedrticr HaSMenkddorade: engi ne
oils. Chevron 110RLV is a new base oil with {nproved g@gpertles Chevron

100R, 150R, EAREHEVEFIPVWIDR VY hejlina fracign @?’%h%%}?iﬁ@ anginpkbasshalr on 4R
5R, and 7R
Chevron an e ERETRER 10D SRPRI R rdlos (IFPANERL s YiBpehFRfadiast |

G oup | Kgbasd. oil. FIGURE 2 illustrates a blend chart having a first point
defined by the

BRIEF DESCRIPTION OF THE DRAWINGS
- FIGURE 1 Hlustrates lines defining the typical relationship between
COB VIS @-35°C snd Noack volatility of blends of Chevron 100R with
18 Chevron 220R, Chevron TTORLY and Chewron 220R, Chevron 5K and
Chevron 230K, Chevron 4R and Chevron 220R, and Chevron T10RLY and
Chavion TR, Tha circle {0 the lofl encompasses the rangs of CCE VIS and

Noack volatility neadad for W multigrade engine oils. The circle in the conter
snoompsssss he rangs of COB VIS and Noack volatility nesded for 10W
20 mulligrade engine offs, The cirgle 1o the right encompasses the range of
CE8 VIS and Noack volatility nesded for 15W mulligrade enging oils.
Cheavron T10RLY i & new base ol with improved propertiss.
Chevron 100R, 1580R, and Chevron 220R are commercial Group I base olls.
Chevron 4R, B8R, and 7R are commergial highly paraffinic unconventiona!
25  base oills. Chevron 4R and Chevron TR are Group 1 base iy, and
Chevron BR &8 a Group U base ofl.
FIGURE 2 Hlustrates g blend chart having a first poind defined by the
CO8 VIS and Noack volatility of Chevron 100R. The blend charthas a
second point defined by the COS VIS and Noack volatility of Chevron TR,
3¢ The blend chart has a third point defined by the COS VIS and Noack volatility
of Chevron 320R. Curves are drawn betwean the thres poinis. A target poind
of 3 CC8 VIS of 3342 and & Noack volatility of 11.73 is placed on the ¢hert.
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CCS VIS and Noack volatility of Chevron 100R The blend chart has a second
point defined by the CCS VIS and Noack volatility of Chevron 7R The bl end
chart haswea 2otwaseeopoi nt defined by the CCS VIS and NoacCraisatmoloidsys 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. The Chﬁféc&ﬁ%%b% A USSR OIS Al SRR 1Bfed BRsd BieRRaRe O 1S
may be bl ended to neet the target point properties. DETAI LED DESCRI PTI ON OF
THE | NVENTI Cigméd i minghte Bneetusyinh propapieisi ng” nmeans i ncl udi ng the

el ements or steps that are identified following that term but any such

el ements or steps are not exhaustive, and an enbodi nent may include other
el enents or steps. "Consecutive nunbers of carbon atons"” neans that the
base oil has a distri butlon of h dr ocarbon rmlﬁj | e ov%r a range of carbon
nunbers, %wi th every nubdisbAbELLEERTIRUMEES % &@‘g r exanpl e, the
base 0|I mmmﬁ}&ydrocar bon no ecul es rangl ng from C22 to C36 or from C30
to C60 w th every~ctarbon nunber in-between. The hydrocarbon nol ecul es of

t he base oil dif fém mmmm;smg‘im&m moh@a&ﬁ%enmammﬁsdmmﬁ at ons,

as a consequ nce. of eed ed to na e base oil al.,so having
consecut i ve MEnERdolPvio ok ERoRdt Sry ek Bl e S ot e weuliter - 1r opsch
hydrocar bon «yal88a, %W%hﬁi@xﬁxﬁ@ﬁ% BAYLEEuEE a@ﬁﬁ‘@%‘m@ﬁ%@ slié@é:o and the
hydr ocarbon nol ecul es are built up one carbon atomat a

Pet r ol edftderi ved Ww&@a&w&%&@m@m PR URBaPs Huw i%*éﬁi*@&ﬁ oHttEsR | n

contrast to , I e oil
made from a ;;8{;{;%@?&?]@&% %%%?4%&% gg{?’u{%‘%@\%& nu regﬁ § %g&?gfg%‘rj%fgﬁ dtons have a
nore |inear e&wmmr of oRpuinshurgharsrislbathivgeh yF dsongirigsie k harniesss shersdyor t
branches. have hydrocarbon modscules ranging from G232 to €36 o from C30 ko 80

with evary carbon number inbetween. The hydrocarbon molecules of the

18 base off differ from sach other by conseoutive numbers of carbon stoms, as g
songequencs of the wary feed usad {o make the base ol also having
consacutive numbers of carbon atome. For ssample, in the FischerTropsch
hydrocarbon synthesis reagtion, the source of carbon gloms s C0 and the
hydrocarbon molecules are bult up one carbon atom al 3 Sme. Patrolsume

20 devived waxy fosds have conssoutive numbers of carbon atoms. in contrast
o an off based on polvaiphasiefin, the molecules of 2 base piimade from 2
waxy fead snd having consegutive numbers of carbon aloms have a muwre
linsar structure, comprising a relatively long backbone with short branches.
The classic axthook desoription of 8 polyaiphaoiefin is & stwr-shapsd

25 moleculs, and in particular tridecane, which is Hlustrated as three decane
moiecules altached al & central point. While & slar-shaped moleculs is
theoretical, nevertheless polyaiphaciefin molesules have fewer and longer
branchas that the hydrocarbon molenulss that make up the bass of disclossd
harsin,

30 A bass stock” 18 8 lubricant component that is produced by 8 singls
manufacturer o the sams specifications (indspendeant of fead source or
manufacturer's location): that meels the sams manufacturer’s spacification;
and that s identified by a uniqus formuls, product identification numbsr, or
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The cl assic textbook description of a polyal phaolefin is a star-shaped

nol ecul e, and in particular tridecane, which is illustrated as three decane
nol ecul eswatzbaaizezd3at a central point Wiile a star-shapedTrasb@oohesss s

t heoretical, neverthel ess pol yal phaol efi n nol ecul es have fewer and | onger
branches that t he hydrocarbon nol ecul es that nmake up the base oil disclosed
her ei n. ¢ BBAE!lods Al HBLHEANLCLATPORRAL, LdkyIc) difghced by 2
single nanu acturer to me specl |cat|on %lnde pen ent of feed source
or manuf act mrm@etsoxxﬁumg)&utmtsméﬁs digidatiomesoerd relbtiog drydugen
speC|f|cat|on and tha s id

b f I d
i denti fi cat PO MY %?’t%‘tﬁ‘eﬁw gf §ﬁ§ I g?j'%fﬁ%‘émjait ulrotrag ﬂglt ng a

variety of di ffe@mas@r@p%awsamtwgm@hwm Adterkhnbdedstbekei gtig | | ati on,
solvent refinin rogen processing, oligonerization, esterificatiop, and

rerefini fig. spzﬁsﬁgaﬁ@r %iﬁﬁﬁd ngswith pagiives gaR Tovshsrdubrsmiaimseingiegssge st ocks.
It is suita % %{pflasendl ng with additives into finished |ubricants neeting
desired specrtrircations, A "base stock slate"” is a product |ine of base

st ocks that have Aditfdsersotk wisgeas atp:eéuwm@antéms@ sthekssdum hbas eiffdronk

groupi ng and fromtg%Bsarre nuf acturer ight n itral base oil" has a
boi | i ng r anJ&-GFHgs TAHBH afs;g WW” ﬁ@‘@?% PABVBR S8 G- poi nt
not greater E‘IT%M -5C, and a kinematic viscosity at 100C of about 4 to
about 5 mMm2/s. paraf finic unconventional base oil" is a Goup I

or Group@ll| baseﬂ’s d@i ﬁavim@:@@eat drastshbnliza vamee af sppricgirodlieho#iERdOl ess
e By SRR LCEIRYON T ot SR XS Frealdr il BBLYSE | dhane BY

kinematic viscosily ot 100°C of about 4 to sbout 5 mm s,
A "highly parafiinie unconventional base of” is a Group I or Group

base off having gresater than ¥2% parafiinic carbon and less than 30%
18 rnaphthenic carbon by ned-M ainalysis,

N-d-3 analysis is done by ASTM D3238-85 {(Reapproved 2008) with
normalization. ASTM DIZIR-08 (Feapproved 2008} s the Stendard Test
Method for Calculation of Carbon Distribution andg Shructural Group Anglysis
of Petroleum Olls by the nd-M Mathod, This method s for "olefin free”

20 fesdstooks whish ars assumed in this application to maan that that olefin
content is & wi% orless. The normalization procass consisls of the following:
A3 if the Ca value is loss than zore, (o s set fo zere, and Cnand Cp are
incrsased proportionally so that the sum is 100%. B Hthe Cnvalue s less
thar zerg, Un g sal o zero, and Ca and Cp are intregsed proportionally 8o

25 that the sum is 100%:; and €  both On and Oz are less than zery, On and
Ca are set to zero, and Cp is sat to 100%.

Test Method Deseriptions:
“Boiling range’ is the § wit% boiling point to the 85 wits, inclusive of the
30 and points, 8% measured by ASTM D 8352-04 and referrad 1o hersdn a8
Simist. A hydrocarbon with @ bolling rangs of 700 to BOO°F, for ssample has
a & wil bolling point greater than 700°F and a 8% wi% boiling point less than
SRO°F.



normal i zati on. ASTM D3238-95 (Reapproved 2005) is the Standard Test Met hod
for Calculation of Carbon Distribution and Structural G oup Anal ysis of
Pet r ol eurwQi2b®/d39298he n d M Method. This nmethod is for ‘PolraiSeevofonesss

f eedst ocks which are assunmed in this application to nean that that olefin
content is 2 % or |less. The nornmalization process consists of the

fol lowing: A) If "kb\%@ﬁv@&& ssﬁ £55edsl WERt & m@;gém%gtf@k@g%@% and Cn

and Cp are i ncreas proportloa y so t e sumis 100% the Cn
val ue is | edlowt tfom fizigrioeCyraglys detarovinnet by AN EddRdE Cp are increased

proportionally s W 100%._..an w LS nd..Ca.are | ess
than zero, Cn angvéggéﬁﬁ‘é@gﬁgg EQ{)‘}g%g%gn%ﬂ%@ggleﬁgﬁﬁgbﬁa@%@# t hod
Descri pti onsstfecBef {dhigkraaRg@ehahge thahd kidmbet Likogs té%mh@m the: 8ghwt %
inclusive of the end points, as neasured b%}i&éSTM D 6352-04 and referred to

herein a8 sithivée! aﬁwyﬁ?%@%éﬁh Wirdenay 18 HY WeaRgHY sfihZemnssiotor, for
exanpl e has&ﬂiéﬁ%%ﬁé@{i%t@t Agteahes ;iwg}h:g@ 700F and a 95 wt % boi ling

poi nt | ess than mat I"c vi scosity"” i a nmeasurenment in mR/s of the
r esi stance to fl 6Gnbicanking drulmer agpaent yiscoete {RFddiys ASTM D445- 06.

\/scosMymdex Iric esnu ndi cat.ing the
ef f oot of t EHFSLPIFE K RS BHeTioh et P BERU D ISR Er T The
hi gher the \@Gfs\;ﬁ%m@@ a@sdm@sbﬁg b@@@%séhﬂdé?@@m dranghangeow gaesi ty with
tenperature I s measured accord %%to ASTM D 2270-04. " Col d-cranki ng

si mul at 3% appaf A€ v petassinsgd Wé@" $2#8-04- neasurenment in nillipascal
o I s under Tow t cHBArETIPRI T YR fRTER IR B BY Shadhend PEBhl Mt &
5293- 04. which i lost when the ol is hesled 8t 250%C with g e@nsiam How of alr drawn

through it for 86 minules, measured according o ASTM DSR0A-QE,

Frocedure B

15 Pour point” is & measurement of the omparature ot which 8 sampls of

base pil will begin to Jow under cerlain carafully controlied conditions, which

can he delermingd as desortbed in ASTM D 5850-02,

“Flash point” is a measure of the fendency of the bass ol o form 2
flammable mixiure with air under controlied isboratory conditions. s

20 moasursd using & Clevaland open cup spparstus (manusal or audomatsd), by
ASTM D 82-08a.

*Cigidator BR® maasures the responss of 3 base off in 2 simulated
application, High valuss, or long times 1o adsorb one HHer of oxygan, indicate
good stability, Oxidator BN can be measured via 3 Sﬁm‘i&iym SXYEen

25 absorption apparatus (R W, Dornte "Onidation of White Ollg,” Industrial and
Engineering Chemistry, Vol 28, page 28, 1838}, under 1 atms:}ag}h&fa of pure
oxygen at 340°F, The fime, in hours, 1o absorb 1000 rd of {3 by 100 grams
of off is reportad. In the Doidator BN tast, 0.8 mi of catalyst is used per
100 grams of ofl. The catalyst is a mixture of sciuble matal-naphthenales

30 simulsting the average metal analysis of used crankoase ol The additive
package is 80 millimoles of zing bispolypropyienephanyidithinphosphate
par 100 grams of ofl,



"Noack volatility" is defined as the mass of oil, expressed in weight %
which is lost when the oil is heated at 250C wth a constant flow of air
drawn t hrwoghiova3of9er 60 mi nutes, neasured accordi ng to RETNMSDEGOC:SSS,

Procedure B. "Pour point" is a neasurenent of the tenperature at which a
sanpl e of base oil will begin to flow under certain carefully controlled

condi tions, whi Ch\é@@:@hﬂﬁer@@%@ e85, de ST §h§%§§s %@4}9 aﬁ%f?x;@%ﬁ%ﬂ Fl ash

poi nf is a measur ten ency of “t he base 0| orm a
m xture w t staidityuidebassond.r $lchods mbasatooriyy Hothdi- Uﬁeonﬁ‘ ofhe sinbaotisent.ed

02- 08a. " OuURRDY RPN PR AL ue AR o RIS Hlkrerhn i ot e

applicati on aﬂs@gﬁm\%ﬁgw%ﬁc@s&aﬁh@@&%h@%rmmgwy gRRLLh &s@gmm‘ g:@s?ﬁ gen,
i ndi cate_good stabil tg can be nmeasured via ype

oxygen aBsorptl BiifapRaY dtieds CrrayWVios Retctadnbutacen i@fﬁf\/ﬁﬁ%ﬁ@?’r s,
| ndustri al i IRBEHL &%n@%ﬁﬁé%ﬁ;ﬁf&mﬁ%ﬁm @ﬁ%s%ﬁ thé%ﬁgé mi%%g%%l

at nrosphere of pure oxygen a t o "absorb
Q2 by 100 graase of) ibé bais sr%‘eheru\éé;}&etira tgﬂ&e&adéﬁm sBilohdets, ThBamingf

catalyst is used p 00, ra e catal 1S sol ubl e
ot al  napht KORETRLEER o1 S AgRups Slerealdeacranai ayerdefarghie %%kcase

oi | . The addiguive tﬁéﬁk@@enbﬁwﬁé@ B §hhBLeSd0ludb&S. Thus, the &m\%@. {m?

bi spol ypr opyl enephenyl |th|ophosphate per 100 grans of oil per cent

aromat i 68" gﬁfvwiza@aﬁm‘mﬁtm@ﬁc@%e&taﬁés@wam ogsadolyt therpalyaiin ﬁamméfm% base
Ot oq d¥ i e BHel R Vond BuBe 2° EUPEDR. FEP sl g o,
Per f or mance st gbuEhie domt efweagitye, (RRONis weteahvicatptiadion on the ring
alute sconer than thoss with naphthenic substilution, Uneguivocsl
identification of the various bass off aromatic hydrosarbons from their UV
18 sbsorbance spestra can be accomplinhed recognizing that their paak
alactronic transitions are sl red-shifted relative to the pure mode! compound
analogs o & degres depandent on the amount of alkyl and naphthenio
substifution on the ring system, Quantification of the sluling sromatic
compounds can be mads by infegrating chramatograms mads from
20 wavslengths oplimized for each gencral class of compounds over the
appropriate retention tme window for that aromatic. Retantion ime window
imits for sach aromatic class can be determined by manuslly svaluating the
ingividual sbsorbance spectes of sluting compounds at different times and
assigning them (o the appropriate sromatic class based on thelr qualitative
25 similanty to model compound absorption spactra.

Base O

We have developed an improvad base off comprising hydrocarbons
with consecutive numbers of carbon stoms, In ong smbodiment, the base ol
has & bolling range from 700 1o §28°F (371 1o 486°C} a Vi from 108 {0 118,
and a Noack volatility less than 18 with

£p3
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with a HP 1050 Di ode-Array UV-Vis detector interfaced to an HP Chenstati on.
I dentification of the individual aromatic classes in the base oil can be -
ade on thwokasisIB the UV spectral pattern and the el uPcomustéoamsesshie am no
columm used for this analysis differentiates aromatic nol ecules |argely on
the basis of their ring- nunber (or doubl e-bond nunber) Thus, the single

rlng aromatic co | (¥ I cyclic
aromatics in or Clg$'b %o%ﬁﬁgﬁggﬁg%g}gu ige@é‘%ﬁn&ﬁ%& ﬂ% ﬁwng?‘gﬁtgﬁ?g@@ i

aromati cs WS SI{AT 1 & 488 URI. & Wdrincidrlactéh ,ﬁmrﬁ)%&\m&l ably Caeky |
SUbStItUtIOEﬁg égﬁ*\%%% el ute sooner than those w th naphthenic
substitutio r?l I identification of the various base oil aromatic

hydr ocar bons fr ormtahﬁtrﬁ é&é@ﬁﬁ@ﬁbaﬁ%ﬁ&@&ﬁﬂﬁ@ £ bnilihg rasgotmhi shed
recogni zi ng t hat ectronic transitions are all red-shifted

rel ati veSt o ¥el éé?%g%ﬁg%m}cér‘%%ﬁn\@%a‘%g‘g of gt ifagb g B8 npeRdRI fon the
amount of alkyl f&%ﬁe&‘gﬁ G (SURSHELHLbET &%&ﬁﬂ%ﬁr &}E%{? ¥f§§a’?§‘8& 1o

Quantification o g aromatic conpounds can I ntegrating
chr omat ogr arfs&fmde from vvavel engt hs optim zed for each general class of

conpounds over t ate I ti,on Lime,wndo or,.that ar, tic.

Rorbntion ¢ e wiaoess o has Fonbare er e 1Rt s Hase il ed by

manual |y evagkttaiang g&aﬁgaw@ &m@ %Q@% ba@%ﬁm&s&&n@ém@m@ Mg g@spounds

at different tinmes and as&{gmg emtot e Gp?p riate aromatic cl ass
Hri @n“g

based of¥t helid iguld safreme! suphtes Trgael i@’ dpsidipitBiespect ra.

Base O | v d an inproved base oil conprising hydrocarbons
W th consecJE%v%rﬂ?ﬁbéﬁggof carbon atons. In one enbodi nent, the base oil

has a boiling range fsend B8 kdoRIeudCRiality, 4066 allalaM HHr0D% ¥8% do 119,
fons than 20 Wi, I soms embodimants the Noack volatilty is lass than
18 with, less than 17 with, or less than 16.5 wi%.

15 Irt ons embodiment the base off has an Oxidator BN that s grester
than 18, 30, 22, or 24 hours. In some smbodimants the Oxidator BN of the
base ol is higher than the original Cuddstor BN of an original base oft from
which the base off is made.

i one embodiment the base oif has & high Hash poind, such as grester

20 than JWC, grester than 218°C, or greatar than 220°C. Sanarally, the bass

i has a fash point less than 3T8C.
in one embodimant the base off has 8 low wits total sromatics, such as
ioss than 020 wil, less than 010 wit, or less than OGS Wil
One featurg of the bass off is that # can b blended into 8 wide varisty

25 of high qualily finished lubricants by blending the base oll with one o mors
additives, Examples of finished lubricants that can be made from the bass off
nchude engine oils, greasas, heavy duty motor olls, passengsy car motor gils,
fransmission and torque fuids, natural gas engine ails, matine lubricants,
railroad ubvicants, aviation lubricants, food processing lubricants, papsr and

30 forest products, melahworking fluids, gesr ubrivants, compressor lubricants,
turhing oils, hydraulfic ofs, heat transfer pilp, barder fulds, and other industrial
products. I one embodiment the base olf can be blended into a multigrade
gngine of, Examples of multigrade enging ofls that can bs blended with the

8-



and a Noack volatility less than 18 wt% I n a second enbodi nrent, the base
oil has a boiling range from 700 to 925F (371 to 496C), a VI from 105 to
119, and wOCCH/MHW/3at -25C | ess than 1500 nPa.s. In a tRCTWSermbodissent, the
base oil has a boiling range from 700 to 925F (371 to 496C), a CCS VIS at
-25C of at least 1100 nPas.s, and a ratio of Noack volatility to CCS VIS at
-25C mul ti ply @’ﬁs@ ﬁmmmwﬁxt@ ?ﬁ%wmx@mwx @aé;aém\é fféﬁ%sl s |ess
t han 120, such t at the base oil S wth range of G oup Il base
oil. In sorré}i‘@&%@di’?%ﬁk@éfﬁ%% 46 ¥ emifds to 119 or from 105 to 115, such

f 107 1 9 _ The | h
2% 1 ow Noack vol atie Fee SRRERaGbaR hthrisdie fEoplPoreden RERPES 0o I
some enbodi mmgmammm Bddd bt 16 & Srbes ¥ %iém&&gm% i @&sud ian 17
W% or |ess than 16#%;%% I n one_enbodj nent t se 0i | _has an Oxi dat or

BN t hat Ps %*EWF% oilpgre @@fmﬁﬁmf@%@%g@ﬁ 84 B"odi ment s t he
Oxi dat or bassg 0|I Q@Sj@p |;§{3{3@sﬁh§%ﬁ§§ ﬁwﬁ%‘?g@d@%f% %ﬁrﬁ@BN of an

ori gi nal rom cht _ n one e i ment the
base oi | ha${gpdricght Mtawe@amte&&sm m‘%s:graéw §1{}&;1¥wne§2t 20©; sgridater than 2

15C, or greater than 220C, has flash,point |ess
Lhan avse M Gret lubtrrany P g 20 o il bed BuRghn | co
such as |eS$3né§@§‘ti€%3r?§r whidal tb@ﬁ}%}égm stté&%iéﬁ %&aﬁ%&&ﬂtﬁ&ﬁ drRagali05 out % One
feature of t base oil is that it can be blended into a wi de variety of

hi gh qudPi t peresnishidiyt RO TREAY 50y BaTIN @Rkl he® Sitrantlly s o nore
is a polysiphaolefin. The second base off, forexampls canbe one having a
kinamatic viscosity &t 40°0 from 40.00 10 48,04, such as 8 230 neudral.
in some embodiments the base off additionally comprises a secand
base ol In ong embodiment tha base off contains lass than 20 wi%, loss

15 than 10 wib Group o Group IV base ofl, jess than 5 wi% Group H or

Group IV base oll, or no Group Bl or Group IV base ol In another
ambodiment the base olf contains loes than 30 wit, iess than 10 wi%, orne
highly parafiinic unconventiong! base ol One example of 8 base off that can
be made without any Group I or Group IV base oll, is base ol having &

20 kinematic viscosity st 4070 from 28.00 to 32.00 rvis. This base off could
be referred 1 as & 150 neulral base ol Thin 150 nautral base ol has perfext
properties for Mending with additives, and even with no other base oils, into
angine ofls. It can be blended into 10W engine olls that mest modem
specifications, including low Noack volatility, Examples of modem
specifications that thass sngine oils can meet ars the ACEA 2007 limils for
AJES, AR, and ARERD for gascling and diess! engine ails.

£t
4

in oo embodiment the base off can be Mended into & W grade, &
TOW grade, and a 15W grade sngine off without & high ammount of Group i or
Group IV base ol in the Blend. In another smbodimeant the base ol can be
30 blended into 8 BW grade, a 10W grade, and a 15W grads withowt & high
aanount of highly paraffinic unconventions! base ol Group l, Group IV, and
highly paraffinic unconventional base oills are often considerably mors
gxpensive than other Group H bass oils. In another smbodiment, the SW,

S Y



additives. Exanples of finished |ubricants that can be nmade fromthe base
oil include engine oils, greases, heavy duty notor oils, passenger car

not or oi WO 20102038298ssi on and torque fluids, natural gasPemgiSa@ooidsss mari ne
| ubricants, railroad |ubricants, aviation |ubricants, food processing

| ubricants, paper and forest products, netal working fluids, gear

| ubricants, QARIFRSHN g#g\éz@éé GROLS ms&ﬂ%r@z&ié% i o «byﬁl{% f&zg&z'&mﬂeat
transfer 0|Is barrier Tluids, and other industrial products. 1n one

enmbodi ment t%‘éi? ﬂb%w@, ainigtcamonst bf Greled i ot Graum beee alles msw&lw

v, 10w Sk ERIF e 2 Wik aok br i PR AR G cansi st ng
of 20, 30, %@a&@ih:ﬁn@ﬁ &Y% mmﬁﬁmﬁimwhﬁm@tﬁﬂ@g e %WE&&ES@%@ slecond
is a Gou ase oi

base 0|I I g nt the second base oil

Goup I13 @f? ﬁg\?aﬁ@ HASW gide spdng s wilbeut ﬁw\&g@m. XOE of

the AP1 150%@&@%]‘%%% A& Z{Qx%atﬁﬁ%%agkﬁmwg @%g!eé:ga&r%@ er
a ess

than or equ nt saturates and an or equal per cent
sul fur and Hesndedintyaddlaradhan 10 goull, and SiSahgradessgitani $800uf Group

b | h | 90 d |
than o equdroniody 8 SnkdfbBlerisasaal. B TBre i N8 oy
120. A G oupni ygm«eﬁmm sow. B, ak plaelet @ﬁ%;m:éhﬁs ﬁw@sb@w@sdﬁd for

exanpl e can be one having ki nematic viscosity at 40C from 40.00 to 46. 00,
such as'd 2213EH@M%W?&Wﬁ@%ﬁﬁﬁmmbﬁ’ém%%@ﬁ@mﬁéé 8PP7addi tional |y

conpri ses a second base oil. In one enbodi nent the base oil contains |ess
than 20 wt% less than 10 w% Goup Ill or Goup IV base oil, less than 5
W % Group | HrooessGoodpnliMohasdiaid Qitor no Group III or Goup |V base oil.

| n anot her enbodl%ent t he base oi contgaﬁ?g g e%n 20 w.% | ess than 10
W% or no highl Y ¥BAVEFFT & RFCERED FRA SED m@"i@”@?ﬁml e of a base

oi | that caRgigeting an original base olf having an orginal Vi from 98 to 118, an original
1&  Noaok wolatiity from 20 o 30 wit%, and an original CCR VIS st 258°C from
TG fo 1800 mPag.s. We ramove 8 wer bolling fraction from the origingt

base off, whereby & base off is made having & kinemalic vissosity at 100°C
from 4.2 1 4.8 mmfs, & VI that is at feast 4 higher than the origingl V1, a
Noack volatility thal is o laast 3 wi¥ lower than the original Noaok volatility,
20 and o DB VIS ot -25°C that v within 200 mPas of the original CCB VIS at -
25°C.
in one smbodiment, the base off has a ratio of Noack volatilitv o
COS VIS at -28°0 multiplied by 100 within a desired range. The dasired
rangs may be from .80 0 1.85, from 0.80 v 140, from 0,80 10 1,30, or from
S5 10130
iy ons ambodimant, the origing base off has an original kinematic
viscosity at 100°C from 3.75 to 4.45 mm™fs. When the lower bofling fraction is
ramoved this raises the kinemalic viscosily of the base ol Inons
gmbodiment the base ol has g kinematic viscosity at 10070 from 405 1o
0 475 mms,
In one ambodiment the lowear bodling fraction i sl of the hyvdrocarbons
ity the onginal base ol bolling bedew a cerlain tempersture, such as i
sxample §25°F, 850°F, 885°F, or 880°F. The lower bailing fraction is
.



be made without any Goup IIl or Goup IV base oil, is base oil having a
kinematic viscosity at 40C from 28.00 to 32.00 mm2/s. This base oil could
be referrwo20w/ms29a 150 neutral base oil. This 150 neut Palr/usa@e/oadsss has
perfect properties for blending with additives, and even with no ot her base
oils, into engine oils. It can be blended into 10Wengine oils that neet

noder n SPeCirbhRaki Wik AL Wbl é@%é‘ﬂﬁ@ﬁ IiotBh Ak E‘%Q&a}’zg AP hes of nodem

specifications that 'these engine olls can neet are the ACEA 2007 limts for
A3/ B3, A3/ BAwmartRingy, Belofsy bylent ionparatingi @ savaehyi preswinesind & tower

T5w gr ade esgred Braecils Rl RE SRR R st e B o B LAY bace
oil in the hkirghdy @b&a@@ﬁ@dﬁe@ &&ﬂb@dhmmkh@smam&l Mwb%ﬁﬂ&é@ﬁﬂ@@&s nto a
5Wgrade grade without a h h armunt of hig

rad a
par af f i nfc Lﬂjﬁ’é’ﬁh ‘é‘ﬁttf%fﬁ%mﬁﬁ@ﬁ@ Fystersupay Pe erapleipd. e aﬁﬁﬁ@r«@ﬁ@%m
paraffinic v ihgpal | 1 I gl ensi ve
t han ot her ggﬁ% ??f base?}oﬁ?ﬁ}%?n&%%ﬁ?ﬁ% 4 %%?%’gnt %5;&% K}S%W%d 15W
grades are @ﬁg%amm@aﬂ%m@mmmm axgheutpanéxt of this disclosure, a
hi gh t of Gr 1] I t
than 20 wi o or 1006 eRbat nm ¥ of Rickur el de 5 Gretfe han 10

W% In one a@WWthg bﬁggl&%ﬁts@ bl Cﬁﬁf@ﬁifﬁb@]dﬁﬁﬂé 8i@ndirbiMur age, a 10W
grade and a 5W rade en% ne qil wthout anéﬁe §§$ 1l or Goup IV base

oi | in tHe mrgng Vi A8ScheVigitbasnridnat | Teeipd the dssedlinto a
SWgrade, a, é%@é&&%%gs%ﬁg&%&ggﬁi %VQ%QB%' %%é@‘;ﬂ A0 i ghly

par af finic unconventi on rades and rmul tigrade
SW XX, 10W ?é&zbmmehﬁ\me(&aeaguﬁiﬁmm k1 trivee 688 to és&%ame“?{@@fa wefl by the SAE
é_:%PO specificati Cﬁm Fg{)a{:k V{geg thity a¥ rgjgésstl ol szsoggiaaat §) C §2 QW%RI\:/%?‘ :{:g? %:E ure Base
20 wi% lower, than the origina! Noack volstility of the origingl base ol In one
16 embodiment the Noack volatility of the bage ol is at least § wit™ lower than
the original Nogok volatiity. In ancther smbodimant the bass off has a Noack
volatiity loas than 18 wil,
The CUS VIR al -25°C of the bass off is within 200 mPas of the
original CC8 VIR ab 2570, In one embodiment the 0GB VIB 1 -28°C of the
S0 base ol s within 175, 180, or 125 mPas of the origingl OB VIS 81 -358°C. In
one ambodiment the base ofl has & CCS VIS at 2570 less than 1500 mPas.
in another embodiment the base ofl has a CCS VIS &t 25°C graater than
1100 mPas.
In one embuodiment the base olf has g bolling rangs from 700 1o 8258°F
25 {371 to 488°C)L
i ong embodiment the base off is mads by 2 process including the
additional step of hydrocracking a heavy hydrecarbon fesdstock in g
hydrocracking zone o oblain o greater amount of the original base ofl. The
heavy hydrocarbon feedstock has hydrocarbon molesules with a carbon
3¢ number of G20+, and has a § with bolling point greater than 800°F {318°C).
Suitable axamples of heavy hydrosarbon feadstocks include vacuum gas ol
deniied vaculim gas off, slack way, FischerTropsch derived waxy feed,
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We provide a process to manufacture a base oil, conprising selecting an
original base oil having an original VI from95 to 115, an original Noack
vol ati | i twofzom32B3to 30 wt % and an original CCS VIS arCTAB®oneds51100 to
1500 nPas.s. We renove a |lower boiling fraction fromthe original base oil,

whereby a base oil is made having a kinematic viscosity at 100C from4.2 to
4.6 mM2/s, guMnidiBatydS i Sasioid fhigherasihan Lhe Q;E';ﬁirﬁz%'ia ha Qefloack
vol atlllty ?}hat I's at egéthéis vsiéitA) %k\%\ie%tgthan the original Noack voI atility,

and a CCS vm%@ﬁmmamw@cmtmﬁm ®e8. amhridires Hered gi naI CCS VIS at -
25C. In one enbodi nent, the base oil has a ratio of Noack volatility to CCS
VIS at -25C multiplied by 100 within a desired range. The desired range may
be fromO0.80 to HESRCIRATEING to 1.40, fromO 90 to 1.30, or from1.0 to
1.30. In_one enbodi ment, the original base oi]l has %n or|§%8nal Ki nemat i c

viscosity at 1008 PPEHEMbIHIER! ] %@ﬁﬁﬁf‘ﬁ‘ﬁg &Wﬁggﬁmﬁﬁ% TP HGEFCt | on

is renmoved 4 I n one
enbodi nment H‘ﬁl%%%&?e&g%ﬁ Egsé&g EI nerra q%é%gc%?%aggﬁlgggﬁg r o% 4.05 to 4.75

mz/s. | n orsienbudihtn optratingwendlionk imfid hpbotweking 2ine ok gdiected

hydr ocar bon in.t S ertajn . tenperature,
such as for kgﬁﬁ%ﬁ%@f&ﬂ@%@@@%@%&%&% Bﬁgjﬁzg“%giﬁg? “B9 ‘ﬁlﬁf;ﬁ% fraction
i sremoved byrepetiud 30 00T 6odik:athr RSN GRS bF &'x@iﬁ}ﬂﬂtﬁﬁm%& &sleguer top
tenperature, a tower bottomtenperature, a tower top pressure and a tower

bot t om pFes dtiHa Ewﬁfﬁﬁf@@§%F%§%@“§b®$%é“éﬁgﬁm§m? SHipaREAMdons in the
original bagg, ?éﬁé’xgbtt%rﬁ ﬂ?fsgﬁzlt%’ ?&E@t‘f&%&i&@%%@ﬁ&%ﬁr@ é&@?&&@g'&%&g' of ferent

types of vactum contr such "as those
t aught heavy hydrocarbon fesdstock o s ;:sm{iust slate ws&i&mmg ?mm graatey than

S0 with, from gragter than 30 witt, from greater than 32 wi%, or frorn graater
than 34 wi% of & waxy infermediate fraction. In differsnt embodiments the

18 operating conditions i the hydrocracking zone can be sclected fo convert a
heavy hydrovarbon feadstock {0 a produst siste containing lees than 80 wi%,
lons than 50 wits, less than 40 wie, or loss than 35 witth of & waxy
intermediate fraction. In one smbodiment the operating conditions in the
hydrocracking 2one are ssisclad {o sonvert 8 heavy hydrocarbon feadstook o

20 2 product siate containing from greater than 20 wi¥ or greater than 30wt o
less than 40 witt of 8 waoy intermediate.

The original base off has an original VI from 85t 115, an origingd

Noack volatility from 20 1o 30 wi%%, and an ongingl CUS VIS & 250 from
1HI0 to 1500 mPa.s. The temperature in the hydrocracking 2one will be within

25 the range of from about 500 °F (380 °C) o about 8G0 °F (480 °C), such as
within the range of from about 880 °F (348 °C) o about BRO °F (428 "CL A
fotal prassure above 1000 peig is used. For exampls the total pressurs oan
ba above aboul 1500 psiy, or abows about 2000 psig. Although groster
rgximum pressurss have been repuded in the Bleralive and may be

3 opsrable, the maximum practical tolal prassure gaenerally will not excaed
about 3000 psig. In soms smbodiments, more severe hydracracking
gonditions such a8 higher temparature or pressure will residt in producing an
originai bass off product with @ higher vigcosity index.
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in US. Pat. Nos. 3,305,386, 4,617092, or 4,894,145; in order to provide
the highest yields of desired fractions and exact cut points. In one

enbodi nerwotzh®/03b298f t he base oil is at |east 5 higher ®hamsteve/oesssyi nal Vi
of the original base oil. For exanple, in this enbodinment if the original
VI is 105, the VI of the base oil is at |east 110. The VI of the base oi

is less than 120, ;5u8hdigtsphbe vRagsy A HSAS e@%& @é@é& %btmkm@ws khfone
embodi nent, the beﬁ% oi | agba y fro% 105 \ @ to &g‘sg The Noack

volatility droraméophse isiabaw f@? JLERAS Egﬁmta%qa&ﬁe‘é © ams%u‘pﬁt “@3%%%%%3% | ower ,
than th i | 15 |
enbodi ment tREVREARrGSY Mateiop Ba fooldl RRidRAly BRefdisorahd OFF ey

t han t he on*@m;nh&mﬁﬁacammmmtﬁwm breckribe Rergee nadatien tintihell hasaiyoi | has

a Noack | ess tha % . The the base oil is
B Dok Ko Bk i EranbP R b b IETDaulsR B sEReonh subie fBat t ne oos
VIS at - 2%&8&%%:%@@ 0!r4 as‘zé&%ﬁfzﬁa@ fledt/Pe fhefag w@ﬁ@%{?@ msth@fm hhe

ori gi nal one rrb di ment 't he” base ol l VIS at
_25C | ess t hewn 5600t READ & ahﬁma%ﬁﬁ%r&éﬁﬁéﬂi}wﬁi t he base 0|I has a CCS VIS

boi 11 ng range from 604 aV8auErd 1M BV BRI g SR BR B RERY Phe base
oi | is made rhyu@i proceathetinchateling Hdwnpbdhohenalis beg é@hy@&@%@@ti@i@kl ng a
heavy hggrocar bon feedstock in a hydrocracking zone to obtajin greater

anount t RENSHY . ofi R BURRNE e wWbeREE Y Ty oﬁ%é‘ @éﬁ\?f%@@@ﬁ«iﬁﬁ@@has o
Bgﬂlgcg; 00N dTReCE agg%@gﬂg%g gw%gfms%ﬁ@§§h§&e§?wgf@&s 8@t 3 W% boi 1ing

hydrocracking calalvst s selscled 1o convert g heavy hydrocarbon feedstock
o & product slate containing & comasraially significant amount of & waxy
intermeadiate fraction which will be upgraded to the originel bass ol

1§ Exemplary commercial eracking calalysts generally contain a support
consisgting of slumina, sifics, sifice-gluming composiiss, silicg-aluming-sireorda
somposites, silica-slumina-tiisnia composifes, acid treated clays, crysisling
aluminosiicats zaoiitic molscular sleves, such as zaolite A, faujasite, zeclite
X, zexdite Y, and various combinations of the above, The

20 hydrogsnationddshydrogenation components generally consist of a metal or
metal compound of Group VIl or Group VIB of the periodio table of the
slements. Matals and thelr compounds such as, for example, coball, nivksd,
molybdenum, fungsten, platinum, palladium and combinations thersof ars
known hydrogenation components of hydmoracking calalysis.

2B i one embodiment, the upgrading of the waxy intermediate facton
includes the steps of hydrolsomerization dewsaxing in an isomerization reactor
and hpdrdinishing in & hydrofinishing reactor.  Hydroisomerization dewaxing
and hydrofinishing are wall known innthe art. One sxample of g sultahle
upgrading procsss s desonibed in ULS. Patend No 6,337,010, where the

3 isomsrization of the waxy intermediale feadstock is camisd out at & hwer totad
pressurs than the hydrocracking operstion.
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Sui t abl e exanpl es of heavy hydrocarbon feedstocks include vacuum gas oil,
deoi | ed vacuum gas oil, slack wax, Fischer-Tropsch derived waxy

f eed, pet rwDeorvose293 hi gh pour poi nt pol yal phaol ef i n, fo®C3/USRI09/0mEs55rEI

al pha ol efin wax, deoiled wax, mcrocrystalline wax, and m xtures thereof.
HYDROCRACKI NG I n one enbodi nent the operating conditions in the

hydr ocr acki ngx%o %%;@&g%)se typical of commercial hydrocracking

oper ati ons. nbodi nent the operating conditions in the
hydr ocr acki ng zon&sgrevisiel baes of bagogveiinsmicaiscsiin sb &b Ho frofeddsitock to

ey 1 ntor meap 087 BoirBiin FBR 1 HAY Rttt YRR Sl Dl e °1
di fferent enprodenestspiibiogoReahhng candiltiemsoll and mxbyadg@cm@k mgmgone

can be selected to _convert a heavy hydrocarb &feedstock to a product slate
cont ai ni Ry FFEHOGr ddreprginaibens Gf bas f‘?‘@f‘ﬁg@g ? &0rg Rane 30 SnwBBETSHEH gr eat er

than 32 wt %01 r%%xgﬁﬁnig%gﬁt@rﬁéﬁt@%@ s Ui Qf of W&d@?ﬁfgﬁ deaberdgact i on,

In different e opera |ng condlt ons dr dcr acki ng zone
can be sel ectig: m%ﬁﬁhw‘é%t% aThemeWropaﬁi@Srﬁi‘ﬁfa@r@%m ﬁ@ theprovues sl ate

Chan 35 w oG obRRRF T Eosupaibie fRRcTEih Brne BRIar AR lliod mle' °°°

operating CQ:@déhxﬁdr@@%akiﬁm'@ﬁﬁﬁ@ﬁ?ﬁ&@ﬁiﬁ@ﬁ&é@%mﬁs@&%ﬁ@@:ﬁ@&&@ zeeavert a
heavy hydrocarbon feedstock to a product slate containing fromgreater than

20 Wt % OF greeiagiei FRpraotivg Wﬁ‘éﬁfm%ﬁ? TR UOCREBNBROFOERPEIGRRT fedi at e.
roart | Fuy iR el b eslodem ) 445 calaflig el Hoeck
1500 nPa. s. g?betﬁréﬁme&émﬁeaf ;) Wdrm m@mmdrm kiangoz eddhnisldpgorded tdhihe t he
range of fr Oar}}g?r?a% tasgoﬁo F ms 8 er%sgag ?ﬁ%‘?g i%%%@'ge(é?gancg&évg g%&@iit‘? %‘E
Noack volatility to COB VIS at -25°C multiplied by 100 from 0.8010 1,88, from
1§ O.80 Iy 145, o from 0,88 10 1.38.
in one embodiment, the removing & done by selacting  distillstion out
point that produnes 8 yisld of the bass off that corrgsponds 1o 8 tamgel yisld
based o 8 cormmercial demangd for g light neutrs! base ol The highar the
distillation cut point the lower the vield of light neutral base ol thatis
20 produced. This can be an advaniags when commeraial demand for light
neutral base o is low, vet demand for higher quality base ol is ingrsasing, as
{ leads to overall betler basa o plant profitabilitv. As commercial demand for
fight nautral base ol changes, the distiliation cut poind can be sslstlad fo
meet a new target viskd,
25 in another smbodiment, the operating conditions in the hydrooracking
zong can also be selecled to proaduce s yisld of the base oif that corresponds
o the targst vield based on commaerciat demand Tor ight neural. More
severe hydrocracking ratses the Vi of the way inlsrmediate fragtion, whils
cracking muore of the waxy inlermediate fraction info lower bolling
30 hydrocarbong (some of which will be subsequently distilled out of the origingl
base oif that is produced).
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wi thin the range of from about 650 F (345 C) to about 800 eF (425 C). A
total pressure above 1000 psig is used. For exanple the total pressure can
be above wbaoto/BIBG psi g, or above about 2000 psig. Altrougis2@ooOaises

maxi mum pressures have been reported in the literature and nay be operabl e,
t he maxi num practical total pressure generally will not exceed about 3000

psi g. | n soneperhod i dranksicil r@pw§@g§%wkl ng conditions such as
hi gher tenperature or pressure W 8sul't Thn produci n% an original base

oi | product with Wehirgkige wiretivel oy pradelng bqubdshoot & paspaddhakl ocity

Such a1 rofoTHRReSe B st BsF o408 SR sehOY BARKbigen A 8ol Mrae: b
and recycl e)prégafpeiatan &ﬁéré&tq}eﬂm&%&s@i fgiﬁ@ew&bma@m @Wﬁymmw needed to
crack the target nol ecul es_and w | Esual gjn t he ran e of from

about 508 t 6@%@{?@?&%3@@@ Typhyrdat ay & H?ez:?m{%@ &e Puirt albo has dne
enbodi ment t%%aﬁéﬁgisﬂﬁ%ﬂgﬁ‘qrg @%n‘&“ Sl dndde ﬂr@*s?%gy Efsgr | acfi’ g%@&&s:é Qnabout

10, 000 SCF per ysts used i'n I'ng zone are
conposed of m@paorad vidnidits gzsﬁtmmmméérm sibek hAhi ﬁg&tmeﬁaam Avand

dehydr ogenat | ti Vi T sts a Q n the art and are
pre-sel ect ec*issf‘gﬁ‘?%’év‘? s%%‘é‘ @%ﬁéé{}{%@% %ﬂ* é[ﬁﬁgﬁﬂé’&ﬁ%&m%ﬁ “‘(fe%?‘?’éﬁ pr oduct
slate. The hydgeeraekiing w%@m&hél&‘éemdﬁ @@tmwmmwerm@amgwmm
hydrocar bon feedstock to product slate containing a comerci al

signi fidént vsat abrsa W@éé‘@f 1 Blendar 4t 11t 598p GTPUNATSH NG 90056 R aded
to the origifal, RASEQ & s@ﬁ@ﬂ%&ﬁ%@ &i’sh&&%ﬁfﬂs‘é&tc hab ¥ahy gggeral ly

contain a suppor consi S al'um na Um na conposites,
si | i ca- al umirdee iy pEni @mmtmﬁmmmm m@ummtg &::a&h&afam&hqa@& tes, acid

;;e?;g?, f La Si% f(%{;fé%g%l | Q%e g%lﬁg gxlg Bond oF B TrE0ase 48k Bnd e Tecdndha3s SUON
stook are capable of making the finished ibricant. T the curve falls above the

15 point represanting the base ofl requirements for the finished lubricant, then
the corredt type of g Inm stock is asceriained by o dinsction and a distenes
one would need 10 shift the curve,

in one smbadiment the finished ubricant is an enging ol In some
smbodiments the finishad lubricant is g mulligrade enging o, such ag

20 BWLEE, TDWLKK, or 15W-XX, whers XX is selected from the group consisling
of 20, 30, 40, 50, and 80

i one embodiment the first and second viscometric propertiss under
tow femperature arg GOS8 VIS a1 -35°C. In another embodiment the first
volatility and the sscond volatiity are Noack volatility,

25 i one embodiment the curve falls above the poird representing the
bass off requirements for the finished lubricant, and & rim stock is nesded o
shift the cunve below the paint. The i stock is 8 base off that has properties
that bring the curve in the correct direction.  For sxampls, the im stook may
ba a Group 1, o Group H, or 2 Group IV base off; as long as § has desired

30 propsriies thet bring the curve in the correet dirsction. Generally, less of the
frien slowk is needed the closer the curve 18 o the point reprasenting the bass
il raquiramenis for the finished lubricant,
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X, zeolite Y, and various conbinations of the above. The

hydr ogenat i on/ dehydr ogenati on conponents generally consist of a netal or
met al cormpount/3929& oup VIII or Goup VIB of the peri odiPCTiusbeos/0adsss he

el ements. Metals and their conpounds such as for exanple, cobalt, nickel,
nol ybdenum tungsten, platinum palladiumand conbinations thereof are

known hydr ogenat i|qmEQsRBRERE OheHer BEAGkRAre a1 tise o QN @nd
enbodi ment, the upgradl ng of the waxy internediate fraction includes the

steps of hydhoiworbeclyat @ﬁhﬁﬂ@w@i& ngieirn can Hesuhesriagsy srusteg sl Groand

hydroflnlshl waxi ng and
hydr of i ni ohifg fé&éﬁ“\ﬁé’?’g’% SQ%&&;&@&}&@D/Q{A&%& of‘ﬁ%g’ég&"q%re

upgr adi ng proces S“fm&?‘sﬁWamdaﬂihéﬁ@p%@ifﬁ&tien@n&mg@sw%dQ:lé)m&v\/ﬂaf&ﬁiat he

i soreri zation of .the waxy .i erﬁgdlate feedstock is carried out at a | ower

n
total pr BssUHeSHTIEm NHRPRY IR bEFRERIS BRIFE? B8 (OA BICE RI'PEBFORF BEess Ve

provide a b R t 4.6
o a ST QR AR ol SSRULN 1 cAPRRALETIR Gokfy!

pr ocess conptidi g w&i@@mmﬁgﬁmiﬁg inyciBed b*asiésrz@tam@ﬁ@yr%@ﬁéem a%@ilﬁomer

o or 1 gi nat s GRR AT PR RS here DS e R 4 *ﬁ%%kwg%%%?% XY élie
- 25X from 1G48 as&sﬁamﬁﬁ?@a&mﬁ&tﬁebw&em&wws@aﬁm&tsc@&aﬁ@@»«@éﬁmws are the
sane as described earlier. For exanple, the origina ase oil

opti onal'fy pBEhagd 36}«‘9%r“B’li%r@@k@*ﬁ@@%ﬁ%éﬁwmaﬁ%@mﬁdﬁm%é%%f%in?aﬁg Bn a

hydr ocr acki r operating conditions in the hydrocracking
zone are selr‘lggﬁ%gg&%E nigéé(??é%ﬁe heavy hydrocarbon feedstock to a product

sl at e cont ai ni ng fgwem at}hm @@m;%?&ﬁ%mnﬁm@ defined rediderstdodhint i whi ch

LGu;ﬁg\rlgd:d ggpryrm amﬁg macﬁehy & perém ORI H 2RO R Mine e Pase ol

LIS

agzpiésmzs:m is filed. The singular forms “g," “an,” and “the,” include plurst
1% references unless axprassly and unsquivocally imiad to one instence.

All of the publications, patants and patant applicalions cited In this
spplication gre hersin homporated by refarencs in thelr sntirely {0 the same
axtent as if the disclosurs of each individua! publication, patent application or
patent was spesifically and individually indicated to be incorporated by

20 refersnce in its antirely.

This written desoriplion uses sxamplas to dindlose the invention,
including the best muods, and also to enable any parson skilled inthe sl o
make angd use the invention. Many modifications of the exemplay
embodiments of the invention dinclosed above will readily ocour o thoss

25  skilled in the art. Accordingly, the invention is to be construad as including all
structure and methads that fall within the scope of the appendad olalms.

EXAMPLES
Example 1
a0
Sampies of Chevron Neulral OFf 100K were receivad from the Chevron
Richmond Lutwicants O Plant. Chevron TTORLY Dase olls wers made by

vacuum distiting off 8 lower bolling fraction from the Chevron Neulral O#f
- 14 -



Noack vol at
fromO0.90 t

ility to CCS VIS at
o0 1.45, or fromO0.95

to 1.35.

t he renovi

-25C multiplied by 100 from0.80 to 1.55,
I n one enbodi nent,

ng is

done by swbeotoasgeoa distillation cut point that producegCa/use@dmd46ssst he

base oi
for a light

neutral base oi

that corresponds to a target yield based on a conmerci al

demand
The higher the distillation cut point the

| over the yisglogh ofnd sl amv&&wmmz@ ApgrBRindisiymaeduasty FThire can be an

is low, yet

i ght
demand for Hivghegs puweriss pabe Wigvipg Nawbieb a8l YR hese il adi®ea o overal |

advant age when commer ci al

better
base oi
t ar get y|m

base

demand

Gatiia

ne

chdnpee B o Bt Pl Chhor PR

fanot her enbodi nent,
hydrocracklng zone can al so be sel ecte
t hat corﬁesponds to the target yield

on

utral

Lk A

can

commer ci al

base oi

e SETRA B
the operating conditions in the

to produce a yield of the base oi
demand for

&§qgt neutra

O ‘meet a new

ght

neutral. More severe hydrocracking raises the VI of the waxy internedi ate
fraction, while. .cracking nore of the waxy. internediate fraction into. lower
boi | i ng hydrttepetiens (some of whi cHQRUY Bbes subsegtibitBgssdi st HiRddasut| of
the original base oil that is produceqé,A Met hod fo gPredictlng§§a Property
of a Base Q)| We provide a nethod for ?edict ng a @ opert) %ase oi
that conprijSes SQleENGdRnl 1 TST| Dase ygpock and a spgond base siggk. A
chart is priepared. having.a.firstipoint. that is.a.first. visgonmetric.property
under | ow tjenpebieniisb{\HE).aF i rst volatility of the first base stock. {The
chart al soihas a secgﬂg point that is a second visconetric property under
| ow t enperdture and a“Second V0|atI|I§% of the sec base stoc% The ifi rst
base stock jand the sefond base siock 8 bl enfled | aryi ng B$t|ons to
construct & curve 10 TS 744
30 FaF 731 891
20 7485 781 T4
46 TEQ 786 732
0 773 80 748
70 7 807 79
a0 810 82e U8
a0 825 840 813
a5 844 864 g38
505 &% 888 /&7
Qo7 Q45 go4
Kinamatic Vis @100°C, 4.381 454D 4.041
s
Noack Volatility, wi% 8.2 149 232
GOS8 VIS gt -25°C 1367 1414 1233
Flagh Point, COC, °C AT 211 208
- Pour Point, °C -18 15 A4
Ohddator BN, hows 5.8 28.4 18,1
Total &romatios 0.0875 00538 02284

~ 18 .




between the first point and the second point on the chart. The curve

predi cts whether a base oil that is a blend of the first base stock and the
second bawe 2toasheoi | | neet base oil requirenents for aPCirnisgéve4dsabri cant .
If the curve falls below a point representing the base oil requirenents for
the finished [ubricants, then the base oil blend of the first base stock
and the seq@igl-Dase ST OCK are capabiesiaf ekl Noy fhei {Tmiehedhoprggant’. | f
t he curve fallg above the point fepresenting the base oil riequirenents for
the finishdd lubricant, then thel correGff typeiof a i m stdck i &
ascert ai neg-hy-—a-gt *M*i“"‘. ane at-st-gnge-—one-wott eed-t-g-shi-ffxt-he
curve. In an %é%ﬁﬁ%*ai?ﬁ%%‘t ‘f%g%ﬁn shed ‘tubri can |sk§a¢1 engi e oi i‘sgtn sione
enbodi ments the finisgged lubricant is a nmutti grade engine q@il, such as
5W XX, 10WiXX, or 15W XX, where XX is selected fromthe grqup consistiing of
20, 30, 40, 50, ard 60X PR one efrbodi ment the|first and sedond viscometric
properti es ‘under—tow-tenperature-areCES-ViSat=25Ctnanotherenbodi ment
the first volatility and the second volatility are Noack volatility. In one
enbodi ment the cufiverdradds cdbloyint beil sp@ifsm,&smpf ﬁs&ﬁh@m@m TR ases oi |

requi renents for the finished Iubrlgant m.stock is ne

R e rpeb anist e Hanet OhaEetr dPeret kope B FaaeriR ) PERET G as
Proper 1 = 3kl oMerd RBaBkuBil), Hng oF EREHadh pERLIiORe QY BippBbe. e

trimstock : base oil; as |ong
as it ha¥ damimed‘iqm@m% tﬁfﬁ‘gﬁ“ @hﬁ&‘i!m EW@? thevsliedecing Qfﬁ@@@@bm@ﬁ% di recti on.

poi nt 1 epr eI RLCERE MR B A Gl PERERES PSR Rk e cant 1

ri cant.In
one enbodi ”W@Wt%@i}fﬁ?pﬁtﬁ bRger sttbknvéiiers ﬁem:ﬁbMexgﬁém% tharblat he trim

stock are al fgm%v%lijgf the Emgg? %&a&% ?ra%%&g %}ls}au? %ge?gmt@om%s{%% ‘«ar’?‘w at. 29“8 o
well sbove 1700 mPas.
10
Example 2

{ithars have manufactured base oifs having 3 SUS viscosity st 100°F

of approximatsly 110, othenwise knowr a8 110N bage olis, One sxampls is
ConocoPhillips 110N, Ancther example is a8 "H1ON blended with Fischer-
1§ Tropach derivad basea olf, Chevron 220K, and Brgon Mygokd 100, This
' socample is fully described in UR Patent Application No, 12/047 887, filed
March 13, 2008, Kinematic viscosity in mm™¥s at 1D0°F can be converted to
BUS viscosity ot 100°F according to the arithmatic and the reference table
provided in ABTM D 218108,

20 The properties of these two comparison bass pils are shown in
Table i
Teblg il
Typical Proparty ConoooPhiflips | “T1ON" Example
10N from 13/047 887
Viscosity Index 85 104
Kinamatic Vis @100°C, 418 4087




for reducing formul ation costs and for sinplifying engine oil
. For the purposes of this specification and appended cl ai s,
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as including all structure and mnet hods 'fhat fall within the scope of the
appended cl aé@mﬁ@@l\/PLES

Blends of 10W-30 mulligrads enging o wens made with bends of

different base stocks. Thay were blendsd {0 all have gpproximatsly the same

§  kinematic viscosily at 10070, An additive package was sslected thal was
designed to formulate anging olls meeting both AP CJ4 and ACEA ES heavy
duty anging off specifications.

The composition of these sngine off blends, and their propertiss, are
desoribad in Table B The "X’ in the {able Indicale what bass slocks ware
16 included in each of the blends,
Table H
Base Stocks, wi%h Rl | Blend | Blend | Riand
1 2 3
Chevran 5R >4 '
Chevran 110RLY X X X
Chevron 220R X X X X
Chayron SOOR X X '
Chayron 7R <10
8 oSt Group i Bage <20
Stock




Exanmpl e 1: Sanpl es of Chevron Neutral
Pl ant .

Chevron Rich

nond Lubricants Q|

al

100R were received fromthe
Chevron 110RLVbase oils were made by

vacuum diwoi2bio/asgeoef f a | ower boiling fraction from thePCnasea/oMsas r al
O | 100R. The distillation cut points were approxi mtely 660 to 670CF. The

average properties of the Chevron Neutral O1 100R base oil, and the
properties ofghue sthddeeenl Chevrion 1I0RLVibagg of bseral € (58N Belrew, in
Table I: Tabje | The renoval of the | ow boiliing fraction Chevron 100R
gave inprovefents in a nunber of idifferent deS| r ed b'ése ope?*t'
including lo Noack-vol-atitity; siing t shpoi
| owering of m§§§%gﬁﬁ%§?§? i ncr easi ng of the oxi dat’i on ity, a
reduci ng of the aromatics. Another benefit jwas that the CCS VIS at -25C was
still maint aj.ned.well. bel.ow.1500.nPa,.s....Prilert.6-t-hi-s—i-Rventi-on,—it-had
been expected?ﬁ?@ﬂ‘@%e removal of t ha*%wer boi l i n@‘f@@ﬁﬁﬁ*‘%’ﬁ%"?ﬁmul d i hcrease
the CCS VIS atiz=25 above t790 nPais 5 S)
manuf act ur ed §}§§§§§r Tn%eg;w ng_a SUS vi scosi tf%? B%)of XI{H-%%IG y 110,
ot herw se knDimeasathlON @490°0] | s. @ 1@xanphed s aihdcd i {pSTELAON.
Anot her exanple is a 110N bl ended w th Fijscher-{ Trops¢ iived bage oil.
Chevron 220R ““ﬁ‘i‘léSErgon Hygol d 100. This exanple is full ribed in US
Patent AppliCgE 1270477887, &R {13, FPH38: AT
viscosity in Mg}ﬁ%r 100QF_can_be 3%1“%/%?&% t%o SUS ﬁ)sc t_100F
accor di ng t o} Khecliifdiifat nd¥and thefdéfarenct. ﬁﬁb éEﬁﬁ)\' gt in1ASTM D
- pr.operti-es.-of-t-hese-two.-campari-gon;-base o -e-ishowa—
2101- 05 The RERRid Pt ST O R
Pour Point, °0 S2PMex 1 34 -38 § | -35
HTHS, mPass S4Mim | a8 | a8 38
MRV &@-30°C, mPas.s SORCO(Max) | 18857 | 18874 18334
Yiald Strass Fassg Fags | Pass Pass
Branning Brookfield §
¢ € 18657 | 33361 25805
~30°0, mPass
Gelation index | 12{Max} 5.4 8.1 B8

The Cheavron TIORLY gave 8 technics! advantage, in that much kower

quantities of the more sxpensive and highly processed Chevron &R or

o

i
bhase ofl,

Chavron TR were needed o blend excellent 10W-30 engine oils meeling both

P 044 and ACEA ES heavy dudy engine off specifications. Blend thad no
Group I base off or Group IV base o, Blend 2 had less than 10 with Group

for Group IV bhase ol
Blands 1,2

18 base ol

Exgmple 4
The chart shown in FIGURE 1 was prepared by selscling differant

Blend 3 had loss than 20 wi% Group it or Group IV
> and 3 sl containad no highly paraflinic unconventional

pairs (having a first bass stock and g second base sfock} of petroleum

AR -



Table I'l. Table Il Exanple 3: Blends of 10W30 nultigrade engine oil were
made with bl ends of different base stocks. They were bl ended to all have
appr oxi newel2gidaieeossane ki nenmatic viscosity at 100C. An a&daiuseae/opesskage was
sel ected that was designed to formulate engine oils neeting both API CJ-4
and ACEA E8 heavy duty engine oil specifications. The conposition of these

engi ne oi | Blsangs Cranson Basé sﬁfaﬁ@%ﬁa@s@@m@&% descyidhaddgicTal @ 11 . The
"X"s in the table indicate what base stocks were included in each of the

bl ends. TabMeHE worslhoat a_aimae@@me& angoHattieg the eears &ydrstioeintisad snuch

| ower quanti e VE 5R or
Chevr on 7R ePaBeiftith 3 %F sHRC AR e BaPay CIRPREBaRT s " Doc
APl CJ-4 angnRfEk @yk@mgkdﬁm&am‘mﬁme LR WRewi-REBakndibs Nlsekd 1 had no
Goup 1 Blend 2 had,less than 10 wt%Group

b I
11 o Goupoibiaasn of Be kN WatF ressu R0 11 SRUBA FICHFE G oup
|V base oil Sibﬁhgmﬁ'?@%htéﬁ@béﬁﬁ*é pSP ai ned no highly paraffinic

unconventi ona The chart shown in FI GURE 1 was
prepared by sel edttiernghadi $hewem FEARE 1 blow ingludes podds pdses suoeRt and a

VIS at - SRl ARl RRS ol el S A s R R ot i g
the points (asddkratiatiiol, nth@@@krﬁémmdswmnm Rrecay o0 ¥nyciehar ThalBrends of the

paired Chevron base stocks vvere made i n var |ng roportj and the CCS VI S
at - 25CHENnd HHEAEECROIE RTINS 0 S BlcHUSC ﬁ%mg%ﬁ‘&% W&% FRATH A and

used t0 Cconghi Uels BrQioBe small squaras in the center of the chart are TOW-XX
enging oils, and the ares circling the small circles on the right side of the chant
are 18W.X angine oils,
in this sxample, base off requirerments for 8 10W engine ol wers get
18 having 2 CC8 VIS at 35°C of 3800 and 3 Noack volglility of 14w, The
chart in FIGURE 1 was referred o, and i was found that the curve betwesn
Chevron TIORLY bage off and Chevron 320R base oif foll below and dlose fo
the pointd representing the base ol requirenants for the 10W enging ofl. This
gave & geod prediction that the 10W engine ol requiraments could be mst
20 with a blend of only these two bass oils, and not requiring any trim stock.
if it was desired that the engine off have mostly Chevron 100N and
Chavron 220R bass o, then an amount of i stock would need 1o be used
to mest the same base off requiraments. Based on the chart one would
nradict that blending In of Chevron TR {rim stock would be 8 good choles to
28 bring down the Noack volatility of the bass off bland to within the desired
rangs. Based on the chard o would also predivt that blending in of
Chavron SR or Chewron 4R trim stook would be & good chaies to bring down
tha CUB VIB at -25°C of the base ofl blend to within the desired range.
Example &
3¢
A targst point with a2 OB VIS at -2570 and Noack volalility of 3342 and 11.738
was salected. This targst point defined propertiss thal will meet a TOW-XX
grads sngine o specification. This targst point was placed on 8 blend chart.
-8 .



ffKei Eftp he first and second points. The chart shown in FIGURE 1 al so
I ncl udes points where current commercial nultigrade engine oils were tested
for CCS W6 2at0/03288 and Noack volatility. They tended t ®@Ctlusgte04d85% 0 ar eas
on the chart. The area circling the small triangles on the left side of the
chart are 5WXX engine oils, the area circling the small squares in the

center of thechaiedhe dé&"%%&s?&%k@@e%&:&@ {RRASl €O 696 e Lrdignand he sl |

circles on therig chart are 15W XX ine oils. In this
exanpl e, badeamklvoiatiitivs cifiaest Fon féssm%@@ﬁﬁ%%ﬁﬁ HE M etihagndg a CCS

wes ref err oANE ARITTES NLC PSR vhil Pt oTrbo B baR RA st ey
base oil angh %M&&nzmeﬁ%f@ﬁm@wbéwh&hmmmﬁldﬁ‘ms‘t@imﬁé&W

representing the base oil requirements for the 10Wen . This gave a
good pr edi ctﬁio%ﬁéﬁﬁﬁ?ﬁ%&w&ﬁ&“ﬁ%’ g he Sves @%ﬁﬁd%@w ®ith a

bl end of On'%}gﬁgs%ﬁgg& RaRe gﬁm&n%@gﬁstﬁ%ﬁygﬁ BnBys pobmback. If 11

was desired engl ne 0| have’ evron 10 Chevron 220R
base oil, tgns éiwmin:mmid@ﬁ@t‘sﬁﬁfﬁr&ﬁﬁih@ﬂ&ﬁ%ﬁﬁ%ﬁfmms&t@ shmrusedaed theet t he

sane base oil ased on the L. - e

bl ending in %?k?)gg?ﬁggr?#ﬁﬁw E%"Wcﬁﬂ?{%m%gaégggw%%%ﬁg"&@%&%ﬁ%gkdovm

t he Noack vqgg@étgwéymgfga@wp@@ﬁe oil blend to within the desired range.
Based on the chart one would al so predict that blending in of Chevron 5R or

Chevroni4R trim stock woul d be a good choice t o bring down the CCS VIS at
20, O h 1828 SR, ol s AT o SO 915998 Ler
Moack volatiity of Chewran 100K, The blend chart has a second point defined
by the CCS VIS and Noack volatiiity of Chevren TR, The blend chart has g
third point defined by the COB VIS and Nosck volatility of Chevron 220R.
18 Cuives are drown betwesn the thres points o fam & termnary blending spage.
A targst point of 8 COS VIS of 3350 and a Noack volatility of 11.78 is placed
on the chart. This target point is characteristic of a typical 10W-XX finished
tubricant product base off blend. The blend chart instructs a user as o how
much of sach of the three base oils may be blendead v mest the target poind
20 properiias.

The saries of ines constructed betwaen the thves edges of the temary
blending space represent thres degrees of distance away from gach bass ol
component. Far instance, going away from T00R towards the TRIZZOR blend

4]

ourve, a user will encountsr thres lines along the way that are spacific 78%,
B0%, and 25% tiedines batwesn 100RZZ0OR and 100R/TR blend curves.

The composition of sach blend compunent at the target point is defined as a
ratio of distances, namely, the distance from the componeni point o 8
30 pempendicular ine through the target point divided by the distance from the
component poind to the opposite adge of the temary blarding space. For
axampds, the amount of 7R in the base off blend of 1D0RZZORTR would be
in bebween 258% and 50% based on the fact that a8 perpemliculsr fine through
20



was selected. This target point defined properties that wll nmeet a 10W XX
grade engine oil specification. This target point was placed on a blend
chart. Thrwe 2dioif3ea9ent base stocks were sel ected that haPeTTSovioHsas - 25C
and Noack volatilities different fromthis point, and their CCS VIS at -25C
and Noack volatilities were placed on the chart. This blend chart is
denonstr at edyd. Q}% ' S 2 WRLRed kRN sReiomeikdder P NESadafdrd ng the
CCS VI S at g%%%ﬁgﬁd t g%ﬁ§§%§¥$§?§§3?$§; otgghch of the thrge base oils.
The curves @&t dlesihar spagk? Rnéi daiishprosasy dstionm Erel lifeand 28R p8itnt was

posi tioned. Thi,s hl end.ghart. ST [ & ,hat these three base oils can be
used to nakém§§§§§@magf&gggﬁé%ﬁgggﬁéég%ggg%?nately the CCS VIS at -25C and
Noack volatility of the target point Figure 2 illustrates a blend chart
having a first point defined by CCS VIS and Noack volatility of Chevron
100R. Th& bl end chart has a second point defined by the CCS VI S and Noack
vol atility of Chevron 7R The blend chart has a third point defined by the
CCS VIS and Noack volatility of Chevron 220R Curves are drawn between the
three points to forma ternary blending space. A target point of a CCS VIS
of 3350 and a Noack volatility of 11.75 is placed on the chart. This target
point is characteristic of a typical 10WXX finished |ubricant product base
oil blend. The blend chart instructs a user as to how nmuch of each of the
three base oils may be bl ended to neet the target point properties. The
series of lines constructed between the three edges of the ternary bl ending
space represent three degrees of distance away from each base oi

conponent. For instance, going away from 100R towards the 7R/ 220R bl end
curve, a user will encounter three lines along the way that are specific
75% 50% and 25%tie-lines between 100R/ 220R and 100R/ 7R bl end curves.

~21 .



The conposition of each blend conponent at the target point is defined as a
rati o of distances, nanely, the distance fromthe conponent point to a

per pendi cwsbani1oda3p®3t hr ough the target point divided by rhe/useewansss from

t he conponent point to the opposite edge of the ternary bl ending space. For
exanple, the anobunt of 7R in the base oil blend of 100R/ 220R/ 7R woul d be in

bet ween 25%gmnagi5dg based on the fact that a perpendicular |ine throughthe
target i es%ﬁgn the tie-lines that are conposed of 50% (closer) and
25% (furt he. afvdgese TR, clneiR®ar process is done for 100R and 220R such

compr i o ng. e REsBe R W R B p OB B Grboadmspueata e i
the base oi | hessefoibhid bigiranggkiom 700 th@BRIT 8T 400°@0a% from V! from

105 to 119; and a Noack volatility less than 18 w% 2. A base oil,
conpri sifg: hy@%&?%r@‘%ﬁ?%ﬁé@%@ﬁ @@3%‘%3%“’%% carbon atons, wherein

the base oik h bai Ligg-tange from 700 to 925F (371 to 496'C); a VI from
105 to 119; Rén%%gg%@’ %?S%at §250 | ess than 1500 nPa.s. 3. A base oil

conpri si ng: hyhrboadons willt toreensteutiwdsnunbeabopfaioasbehsio®s wherein

bt pac of ar Fasecet S406 HRARDSRgRiRlh B bR R R OB AT 1P 5 ocs
VIS at -25"C nubd teph t ®0arity s THOS Aiemt 02 8T 10skhd5 1540 rfhg.sbase oil of claim

1, claim?2, or claim3, wherein the base oil has a VI from 105 to 115. 5.
The bas@&loi . of beRaith BB 2, or claim 3, wherein the VI is from107 to

115. hydrocarbons with consscutive numbers of sgrbon atoms] wharein the
bage off has s bolling range from 700 {0 835°F (371 1o 488°C), a CLS VIS
at -25°0 of at lesat 1100 mPax, and 3 ratio of 3 Noack volslility to a
COS VIS at -25°C multiphed by 100 from Q.80 o 1.58,
1§ 4. Ths base of of olaim 1, claim 2, or claim 3, wherain the base el hbas a W
from 108 to 115,
The base off of olaim 1, claim 2, or claim 3, wherein the Vi is from 107 o
118,
A The base o of claim 2, wherein the base ol has & Noack volatility less
20 than 18 with.
The base off of olaim 1, claim 3, or claim §, whersin the Noack volatifity is

o5

o

fons than 17 wit.
8. The bass off of claim 1, claim 2, or clalm 3, wherain the base oif can be
bendad inlo a SW grads, & 10W grads, and a 15W grads engine off with
25 loss than 20 with of Group H base off or Group IV base oil in the blend,
8. The base oll of claim 8, without any Group Bl or Group IV base ot inthe
blend.
10, The base oif of olaim 1, olaim 2, or olaim 3, wherein the base off can be
plended info o SW gradse, s 10W grade, and g 15W grads engine oll with
30 less than 20 wi% highly paraffinic unconventional base oll
11, The base oif of claim 1, claim 2, or claim 3, additionsdly comprising one or
more additives to make 3 Snished ubricant.

3



6. The base oil of claim2, wherein the base oil has a Noack volatility

|l ess than 18 wt% 7. The base oil of claiml1, claim3, or claim®6, wherein
t he NoackwO@abuxd3bissy is | ess than 17 wt% 8. The base oPCTafS2aaiessy, cl aim
2, or claim3, wherein the base oil can be blended into a 5Wgrade, a 10W
grade, and a 15Wggrade engine oil with less than 20 wt% of Goup Ill base

oi | or G oupggl¥hdasges alilsf bimher Miendin e iHkhababiodit iok mlgrad: W t hout
any Group Il or Goup |V base oil in t he bI end. .10, The base&r%;{of claim

1, claim2, orergiaemizndihereriioinie sies oil s 8 VHE prastied PhrdXa sw
grade, a 10W de 0 wt % hi ghly
paraffinic ung%%\%gn ?%33%%%& %ﬁ%?&k? %a’i%&%t:@[& f@ﬁgﬁéaigﬁl , claim2, or
claim 3, addi tivemddtinyg &fcﬁ@r&%&ﬁgﬁ@msbﬁ&mre additives to make a fini shed

| ubricang.1 he, base .oi.l 7 nished | ubricant is a
nul ti gr ade ér%%[ bgpe ol Qf*?f@ ﬁ\ﬂ?‘i‘gi"b%a@e&g%gn@%%n? SPTERUSEE G ade, a
10W XX grade, Qferdaliteoefi grade, wherein XX is selected fromthe group

consi sting of 20, 30, 40, 50, and 60. 13.The base oil of claiml1, claim2,
or claim 3, 14dihe beaakiip! e 1S ivhpraincibesngopd daseidi s OmE BReseoi | of
claim19, wher gn the second base oil is a Goup Il base oil. 15. The base
oil of claim 19, wherein the base oil has a kinematic viscosity at 40C from
28.00 to 324@0TnuwRhss of of claim 18, wharein the base off has a kinematic vistosity 8l

0 40°0 from 28.00 to 32.00 mm¥s,



