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A 110 NEUTRAL BASE QL WITH IMPROVED PROPERTIES

SIELD OF THE INVENTION
This invention is direcisd to base ofls having consscutive numbsrs of

carbon atoms and a defined bolling rangs, with improved Noack volatifity,
improved COS viscosity, or a desired ratio therenf. This invention is also
directed {0 & process (o make the base off, and a base ol made by the
process of removing a lower bolling fraction from & selected original bass ol
This invention is also directed {o a8 mathod for pradicting a property of a bass
ol

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
{hevron $20R, Chevran THORLY and Chewron 220R, Chevion SR 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
multigrade engine oils, The cirgle 1o the night 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!
kage olls. Chawon 4R and Chevron TR are Group I base oy, 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,
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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The chart instructs a usar how much of sach of the three bass olls may be
blendead v mest the target point propertiss.

DETALED DESCRIPTION OF THE INVENTION

Rednitions!

The term “comprising” means including the elements or steps that are
identified following that term, hut any such slaments or sleps are not
exhaustive, and an smbodiment may include other slementds or steps.

‘Consesutive numbers of carbon atoms” means that the base ot has a
distribution of hydrocarbon moleoules over & rangs of carbon numbers, with
svary number of carbon numbers in-bebween. For example, the base off may
have hydrocarbon modscules ranging from G232 to €36 o from C30 ko 80
with evary carbon number inbetween. The hydrocarbon molecules of the
base off differ from each other by conseautive numbers of carbon sloms, ag &
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
derived wayy feads have conssoutive numbers of carbon stoms. 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
minlecile, and in particular tridecansg, 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,

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

W3
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both, Base slocks may be manufactured using a variely of different
processes invhuding but not imited {o distiliation, solvant refining, hydrgen
processing, oligomsrization, selerification, and rerafining.

Afbass ol is a bass stock or blend of different base stocks, i
suitable for Mending with additives into finished lubricants meeting dasied
apacifications.

A “hass stook siale” s & product ling of base stocks that have different
viscosities bul ars in the same bagse stock grouping and from the sames
manufacturern

A “light neutral base off” has a bolling rangs of spproximately SEIF o
SOO°F { 343°C 1o 482°0), a pow point not greatsr than abat ~8°C, and &
kinematic viscosily ot 100°C of about 4 to sbout § 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%
raphthenic carbon by ned-M analysis,

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”
feadsiocks which ars assumed in this application to mean 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
that the sum is 100%; and ) H both On and Oz are lsss 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
arwd points, as measured by ASTM D 8382-04 and seferred o hersin as
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
SROF.
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“ingmatio viscosily” is 8 measurament i s of the resistance 1o
fow of a Suid under gravity, determined by ASTM D445-08,

Wiscosity index” (V1) is an smpitical, unit-less number indicating the
gifect of lomperaiure change on the kinematic viscosily of the oil. The higher
the Vi of an off, the lower it tendenoy to changs visoosity with tlempsratise,
Vi s measursd agconding to ARTHM D @2706-04.

“Cold-cranking stmulator apparent visooeily” (CCE VI8 B g
messurement in millipascal seconds, mPa.s, to measure the viscomelric
propertias of lubricating base olls under low temperaturs and low shear
CCE VIS is determined by ASTM D 528304,

“Nosck volatility” is defined as the mass of oil, expressad in weight %5,
which s lost when the off is hested st 250%C with a constant iow of abr drawn
through it for 86 minules, measured according o ASTM DSR0A-QE,
Frocedure B

‘Paur point” s a measurement of the tamparaiure st which g sampis 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
msasurad using & Clevaland opsn cup apparstus (manus! or stomated), 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 vig 3 Domte-dype oxygen
absorption apparatus (R W, Dornte "Onidation of VWhite Ollg,” Industrial and
Engineering Chemistry, Vol 28, page 26, 18386}, under 1 atmosphere of pure
oxygen at 340°F, Ths time, it hours, to absorh 1000 mid of 0 by 100 grams
of ofl is reported. In the Oxidator BN tast, 0.8 mi of catalyst is used pey
100 grams of ofl. The catalyst is a mixture of sciuble matal-naphthenales
simulating the average metsl analysis of usad crankoase oil. The additive
package is 80 millimoles of zing bispolypropyienephanyidithinphosphate
par 100 grams of ofl,
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“Welght percent aromatios” gives an indicstion of the UV and oxidation
stabdity of a base pil. # oan be measured by HPLGUV. In one smbodiment,
the tes! v conductad using 8 Howlelt Packard 1050 Berles Quaternary
Gradient Migh Performance Liguid Chromatography (HPLC) system, souplsd
with & HF 1080 Diode-Array UV-Vis detector interfaced 1o an HF Cham-
station. idsntification of the individus! aromatic classes inthe bass ol can be
made on the basis of the UV speclral pattern and the slulion time. The aming
column used i this analysis Jdifferantiales sromstic molscules largely on the
basis of thair ring- number (v double-bond number). Thus, the single ring
aromatic containing modecuies alute first, followed by the polyoyclic sromatics
in arder of inorsasing double bond number per molculs. For gromatics with
similar double bond charactsr, thoss with only alky! substitution on the ring
alute sconer than thoss with naphthenic substilution, Uneguivocsl
identification of the various bass off aromatic hydrosarbons from their UV
shaorbance spetra can be accomplished 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
wavslengthe optimized for each general 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
simifarity to model compound shsorption spaclra.

Base Od

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 828°F (371 10 48670}, a Wi from 108 o 119,
and a Noack volatility less than 18 with,
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in a second embodiment, the base off has g bolling rangs from 700 fo
QAEF (371 W0 488°C), a Vi fram 105 1o 119, and 8 COB VIS a1 -35°C less
than 1500 mPas

it @ third embodiment, the bass off has s budling rangs from 0 o
QERF (371 10 486°C), a QUS VIS at -25°C of af iesst 1100 mPas.s, and &
ratio of Noack volatility to CC8 VIS a1 2570 muiliphed by 100 fom 380 {0
1.88.

The base oif has g Vi that is less than 128, such that the base off falls
with tha Vi range of & Group H base ol In some embodiments the Vi is from
108 to 119 or from 105 0 115, such as from 107 o 115, 107 o 113, 108 ko
114, or 110 o 118,

The hase off has & low Nosck volatility, gonsrally logs then 25 wi% or
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%.

i ons embodiment the base olf has an Oxidator BN that is grealer
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
than 310°C, greater than 218°C, or greatar than 220°C. Sanarally, the bass
off has a flagh point less than ITE°C,

in one embodimant the base off has 8 low wits total sromatics, such as
toss than 020 wilh, loss than 010 wiS, or less than QLIE witis,

One featurg of the bass off is that # can b blended into 8 wide varisty
of high gquality finished lubricants by blending the base oll with one o morg
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
forest products, metehworking flulds, gesr kibricants, compressor lubricants,
furbing olls, hydraulic offg, heat transfer oily, barrder fitids, and other industrial
products. In one embodiment the base olt can be blended into 3 mulligrade
gngine of, Examples of multigrade enging ofls that can bs blended with the

~ 8~
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base ofl gre BWXX, THWLKX, and 18WLXX, wherain XX is selected from the
group consisting of 24, 30, 40, 80, snd 88

The bass off may additionally comprise & second base ol Byons
embadiment the sscond Dase ol is g Group H bass ol Group #, Group i,
and Group IV base olls are defingd in Appandix £ of the APUIS08
specification, Aprit 2008, A& Group I base ol hag grealer than or equstito
80 parcent saturates and less than or squal io 003 percent sulfur and hes o
V1 greater than or aqual fo 80 and Iess than 1230, A Group i base ol has
greater than or aqual 1o B0 percend saturales snd lsss than or egquat 0 0.03
pargsnt sulfur and has & Vi greater than or equsl o 1200 A Groug IV base off
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 oil. In ong embodiment the base ol contains loss than 20 wi%, loss
than 10 wit Group H or Group IV base oll, jess than § wi% Group i or
Group IV base ofl, or no Group B 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 &
kinamatic viscosity st 4070 from 28.00 1o 32.00 rvis. This base off could
be referred 1 as & 150 neulral base ol Thin 150 nautral base ol has perfext
properties for bending with additives, and evenwith no other base olls, info
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.

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
blended into 8 BW grade, 2 10W grads, and 3 15W grads withowt & high
aanount of highly paraffinic unconventions! base ol Group l, Group IV, and
highly paraffinic unconventiona! base oils are often considerably mors
gxpensive than other Group H bass oils. In another smbodiment, the SW,

o
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TOW and 18W grades are all mulligrade engine odls. In the context of this
disclosurs, 3 bigh amount of Group i or Group IV base ofl is considered to
b graater than 20 wi%, or In some embodiments a high smount can be
greater than 10 wit, i ons embodiment the base off can be blendsd info &
SW grade, 8 10W grade, and a 15W grade anging off without any Group 1l or
Group 1V base ot in the bland. In ancther embodiment the bass off can be
bended into a SW grade, & 10W grade, and a 18W grade engine off without
any highly parafiinic unconventional bass ol 3W, 10W, and 18W grades and
mudtigrade SWEX, 10WXX, and 18W-XX engine ol viscosities are defined
by the BAE J300 spacification, published November 1, 2007,

Progcass fo Manufasture Base Qi

Wae provids 8 process to manufacture a bass off, comprising
sstecting an origing! bass off having an original Vi from 88 to 118, an origing
Noask volatility from 20 1o 30 wit, and an original CC8 VIS at -258°C from
TH0 to 15800 mPas.s. We ramove g lowar bolling fraction from the origins!
base o, whereby 2 base off is made having & kinematic viscosity 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 lsast 3 wilh lower than the original Noack volatiiity,
and 8 DOB VIS at -25°C that iv within 200 mPa.s of the origingt CC8 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
1.0 o 130

iy ons ambodimant, the origing base off has an original kinematic
viscosily at 100°C from 3.75 to 4.45 mmfs. When the lower bofling fraction is
removed this raises the kinematic viscosily of the base il Inone
gmbodiment the base ol has g kinematic viscosity at 10070 from 405 1o
4.75 mm'fs,

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

.
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removad by carefully controlied vacuum distiliation having o wer kp
femperature, & tower bottom temperaturg, 8 wer Iop pressure and a tower
bottom pressurs that are selected o remuove gl of the hydrocarbons in the
original base off bolling below the cerlain temperaturs. Various differant types
of wacuum distiliation contrd sysioms may be employed, such as those tsught
in L&, Pal, Nos, 3,288,388, 48717082, or 4,884,148, iy order 1o provide the
highest vislds of desired fragtions and axact sut points,

oy one smbodimant the Vi of the base ofl s &t lsast 8 higher than the
original Vi of the originad base oll. For example, in this embodiment § the
origingl Vi is 108, the Vi of the base oif s al least 110, The Vi of the base o
is loss than 120, such that the base off s a Group H bass oll. Inong
embodimeant, the base o has g Vi from 108 to 118, or 108t 118,

The Nosck volatiity of the base oil is ot Inasl 3 wi% ower, and up o
20 wi% lower, than the origina! Noack volstility of the origingl base ol In one
ambodiment the Noack volalility of the base oll is al lsast § wit%h lower than
the original Nogok volatiity. In ancther smbodimant the bass off has a Noack
volatility loss than 18 wi,

The LS VIS al 25°C of the bass ol i within 300 mPas of the
original CC8 VIR ab 2570, In one embodiment the 0GB VIB 1 -28°C of the
base ol is within 175, 180, or 128 mPas of the origingl COB VIS 81 -38°C. In
one ambodimant the base off has & COCS 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
{371 to 488°CL

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
sumber of G20+, and has a § with bolling point greater than S00°F {(318°C).
Suitable axamples of heavy hydrosarbon feadstocks include vacuum gas ol
deniied vaculim gas off, slack way, FischerTropsch derived waxy feed,

Z G
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patrolewn wax, high pour point polyaiphaciefin, fools o, nurmal alpha olefin
way, deolled wax, microcrystaliing way, and midures thareof

HYDROCRACKING

in ons smbadiment the operating conditions in the hydrocracking rone
arz those typioat of sommmerciad hydrocracking operations, n ancther
ambodiment the operating conditions in the hydrocracking zons are selscled
o corvat! 3 heavy hydrocarbon feedstock to g product slale containing
graater than 20 with or greater than 30 wi% of & waxy intsrmadiste fraction
which s upgraded o the original base oil. in different embodiments the
sharating sonditions i the hydrooraeking sons can b selecisd o converl &
heavy hydrocarbon fesdsiock 1o 3 produat slate cordaining from graatey than
S0 with, from graater than 30 wit, from greater than 32 wi%, or from graater
than 34 wi% of & waxy inlermediate fraction. In differsnt embodiments the
operating conditions it the hydrosracking zone pan be selented fo convert
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
a product siate containing from grester than 20 wi% or greater than 30 wits to
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
the range of from about B0 °F (380 °0) to about 800 °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
opsrable, the maximum practical total prassure generally 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.

~ 30~
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Liguid hourly space valoglty (LHEV) will usually fall within the range of
from sbout D.2 1o sbout 5.0, such as from about 0.5 to sbout 1.5, The supply
of hydrogen (Lot make-up and resysle} is prefarably i exosss of the
stoichiomestrio amount neaded 1o orack the fargst molscules and will ususlly
fall within the range of from about 500 to shout 20,000 standard cubic feet
{SOF} per barrgl. In one smbodiment the hydrogen will be within the rangs
from about 2000 to sbout 16,000 8CF par barrel.

The calalysis used iy the hydrograsking zone ane composed of
natural and synthelis matenaly having hydrogsnation and dehydrogenation
activity. Thass catalysis gre well known in the art and & pra-selestad fo
orack the targel molscules and produne the desired product siate. The
hydrocracking calalvst s selscted 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
Exemplary commerciad cracking catalysts generally contan a support
consisting of slumina, sificg, silica-aluming composiias, silica-alming-giroonda
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
hydrogsnationddshvdrogensation scomponsnts generally conslst 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.

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 ere wall known in the st One sxample of a suilsble
upgrading procsss s desonibed in ULS. Patend No 6,337,010, where the
isomsrization of the waxy intermadiate feadstock is camisd oul st 8 lower totsl
pressurs than the hydrocracking operstion.

-41 -
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We provide a base oif having a kKnematic viscosity o 100°C from 4.2 to
4.8 mms, a V! from 108 o 118, and 2 Noack volatiity less than 1R wi by 3
process comprising selecting an original basa off and removing 8 lower batling
fraction. The griging! base off has an origing! Vi from 85 to 115, an originsl
Noack volatility from 20 1o 30 with, and an original CC8 VIS &t -25°C from
1000 to 1880 mPa.s. The base ol properties and procssses sre the sams as
describad eather. For example, the crgingl base ol may optionally be mads
by hydrogracking & baavy hydrocarbon feedstonk in & hydroracking zoneg,
whargin the operating conditions in the hydrocracking zone are selsclad o
sonvart the heavy hydrocarbon fesdstook o 8 produst slale containing
greater than 30 wite of 3 weaory inlermediate fraction which is upgraded o the
original basa oil. In another embodiment, the base off can have s ratio of
Noack volatility to CO8 VIS at -25°C mulliplied by 100 from 0.80 10 1.588, from
G.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
producsd. 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
Hight nsutrad base off changes, the distillation cut point csn be sslscled to
meet a new target viskd,

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
hydrocarbons (some of which will be subsequently distilled out of the origingl
base oif that is produced).

A4z
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We provide 3 methaod for predicting s property of @ base of that
comprises selscling o firs! base stock and 3 second base sfock. Achartis

preparsd having 3 first point that s o first viscometric property undear Inw
temperature and s Brst volatility of the first base slnck. The charl also hag a
zacond point that is & sscond viscometrie property under low tsmperatire and
& seoond volatility of the second base stock. The first base stock and the
sevond base stock are blended in varying proportions o construat 8 curve
betweer the first point and the sacond point on the charl. Tha surnes predicts
whether & base ol that is 2 blend of the first base stock and the second base
stook will mest bass off requiremeants for a finished ubricant. I the curve falls
below 3 point regresenting the base ol raquirsmments Ry the finished
fubiricants, than the base off blend of the first base stoek and the second base
stook are capable of making the finished ibricant. T the curve falls above the
point represanting the base oll reguirements 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
BW-XE, TOWLKE, or 15WLXX, where XX is selectad from the group consisting
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,

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
propsrties that 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,

13-



WO 2010/039293 PCT/US2009/046855

10

Pl

&5

BiE

in one smbodiment, the st base stogk, the sscond base stogk, and
the trim stock are all Group . There can be advaidages 1o using aff Group i
for redueing formulation costs and for simplifving engine o qualifications.

For the purposes of this specification and sppanded claims, unless
otharwise indicated, all numbers exprassing guantities, percantagss or
proporions, and other numerical values used in the specification and olaims,
ars fo be understood as baing modified n all inslances by the term "about”
Furthermore, all ranges disclosed hereln are inclusive of the sndpoints and
are indepandently combinable. Whenever a numernics! range with a lowsr
it and an upper imit are disclosed, any number falling within the range is
also specificatly disclosed.

Any tanm, abbrevigtion or shorthand not definad s understood o havs
tha ordinary meaning used by a person skilled iy the ait at the tima the

LYY

application is filed. The singular forms "8," “an.” and “the,” include plurad
references unless oxpressly and unsquivocsily imitad fo one instance.

Al of the publications, patents and patent spplications 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
referance in its antirety,

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 disclosed above will readily ocour 1o those
skilled in the art. Accordingly, the invention ik to be construad as including all
structure and methads that fall within the scope of the appendad olalms.

EXAMPLES
Example 1

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

vacuurm disgtiling off g lower bolling fraction from the Chevron Neutral O
« 44 -
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100R. The distillation oyt points were approximately 880 o 8Y0°F. The
Fvarags properties of the Chevron Neutral O 100R base ol and the
properties of two differant Chevron TIORLY base ofls are shown below, in

Total &romatios

Tabds §
Jablal
Proparty T10RLY Base | 110 RLV Base | 100R Base
O il Of
Yiscosity Index 12 118 108
Simbist (Wi%), °F
0.8
5 §68 881 818
10 T3 711 672
50 737 731 B9
a0 745 7H1 714
0 780 786 732
50 773 780 748
80 785 793 784
70 787 807 779
80 810 822 795
90 825 840 813
- 844 864 838
50.5 859 885 BST
807 945 S04
Kinematic Vis @100°C, 43971 4540 4.04%
s
Noack Volatility, wi%h 182 149 332
CO8 VIS at -235°C 1387 1414 1233
Flagh Point, COC.°C 298 211 208
T Pour Point, “C 18 15 v
Onddator BN, hows 258 284 18,1
608758 0.0538 0.3264
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Froperty o 110RLY Base | 110 RLV Base | 100R Bass
| o | ol Ol
Noack YVolatllity f CCS VIg 448 1.08 1.88
at
<2870 X 100

The removal of the bw boiling fraction of the Chevron 100R gave
inprovements in a number of different desired base off properties, including
lowering of the Noack volaiility, raising of the flash point, lowsring of the pour
poing, incraasing of the oxidation stability, and reducing of the sromatics.
Another benefit wag that the COS VIS 8t -25°C was still maintained well
pefow 1500 mPas. Prior (o this invantion, i had been expecied that the
removal of the lower boilling fraction would increase the CCB VIS sl -28°C o
well above 1700 mPas.

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-
Trapach derivad basea off, Chevron 220R, and Brgon Mygoekd 100, This
socample is fully described in UR Patent Application No, 12/047 887, filed
March 13, 2008, Rinematic viscosity in mm®s st 1D0°F can be converted to
BUS viscosity ot 100°F according to the arithmatic and the reference table
provided in ABTM D 218108,

The properties of these two comparison base oils are shown in
Tabde I

Tabls ll
Typical Proparty ConvcoPhiflips | “TIONT Example
THON from 12/047 887
Viscosity Index 8§ 164
Kinamatic Vis @ 100°C, 410 4067
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Typical Property ConocoPhillips | "T1ON” Example
110N from 12/047,867
R |
Noack Vindatilty, wit% £8.5 40,58
GUE VG at 2570 1500 1288
Flash Point, COC, °C ” 188 | .
 Pour Raing, °C 12 23
Yoids Distilled at TOO°F 14 (Max.)
Noack Volatility / CCS VIS &t 1.78 3.32
ZEC X 100

Example &
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,

Tabis

Base Stocks, wi¥%s | Ref | Blend | Blend | Rland

1 2 3
Chevran 5R >4 o
Chevran 110RLY | | X X X
Chevron 2308 | TR X X X
Chayron SOOR X | X '
Chayron 7R o =D
8 oSt Group i Bage ; P [
Biack
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Base Stocks, wi¥%h Ref, | Blend | Blend | Blend
1 & 3
Agiditive Fackage | X X X X
Properfies Spec. Measurements
Viscosily index ' 138 1 140 1 80 | 138

Kinaematic Vis @100°C, f1.6-124 | 120 1 120 ) 20 | 1ag

mris

AP Gravity Iighepicall | 31 0.8 31.0 314
Nosck Volatifity, wit f3iMax) | 1228 | 1255 1 1280 | 123
COS VIS at -25°C S800-7000 | 6453 | 8RO4 | 8705 | 8803
Pour Point, °0 S2PMex 1 34 -38 35 | -38
HTHS, mPass S4Mim | a8 | a8 | 38 | 38
MRY &-30°C, mPass SO000Max) | 18857 | 19874 | 20781 | 18234
Yiedd Stress Fass Pass | Pass | Pass | Pagss

Branning Brookfield &
~30°C, mPass
Gelation index | 12{Max} 5.4 8.1 8.8 B8

18857 | 33387 | A2V | 2880R

The Cheavron TIORLY gave 8 technics! advantage, in that much kower
quantities of the more sxpensive and highly processed Chevron &R or
Chavron TR were neaded o blend excellent 10W-30 engine oils meeting both
AP G4 and ACEA ES heavy duty engine off specifications. Blend 1 had no
Group I base off or Group IV base o, Blend 2 had less than 10 with Group
i or Group IV base off, Blend 3 had less than 20 wit Group i or Group IV
bhase oft. Blends 1, 2, and 3 all condginad no highly paraffinic unconventionsl

Lase ofl.

Exgmple 4
The chart shown in FIGURE 1 was prepared by selscling differant
pairs (having a first bass stock and g second base sfock} of petroleum

AR -
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derived Chevron base stocks, measuring the CCE VIS at <28°C and the
Nosck volatiiity of each base siock and plotling the points {a first point and a
senond point} on a x chat, Blends of the palred Chevron base stocks were
mads in varying proporiions and the SC8 VIR at -25°C and the Noack
voldatility of sach of the blends were messured and used o construct a8 curve
gormacting the first and second ponts.

The chart shown in FIGURE 1 alsg includes points whers current
sommengial rultigrads sngine olls wers tosted kb COS VIS ot (386°C and
Noack volatility, They tended o cluster info arsas on the charl. The ares
pircling the small blangies on the ol side of the chart arg SW-XX enging ollg,
the area croling the small squares 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
having & CC8 VIS at 2870 of 3800 and 3 Noack volgtility 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
with a blend of only these two base olls, and not regquiring any Irim stoek,

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
bring down the Noack volatiity of the bass off blend 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 &

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 .
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Three differant bass stocks were selected that have CC8 VIS at -25°0C and
Nogok volatilities different from this point, and thelr CC8 VIS at -25°C and
Noack volatiities were placed on the charl. This blend chart is demonstrated
in FIGURE 2. Curves were drawn babwsen the points dafining the COCS VIS
at -28°C and ths Nosck volatility of sach of the thyes base olls. The cunves
defined 8 spacs ingide the curves, where the targe! point was positioned,
This blend chart demonstrates that these three bass ods can be used
make 3 base of blend having spprodimately the COB VIS & -28°C and Noack
volatility of the targe! poird,

Figure 2 Blustrates a blend chart having a first point defined by CO8 VIS and
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.
Curves ars drown betwesn the thres points o fam & temnary blending space.
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
properiies,

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
ourve, a user will encountsr thres lines along the way that are spacific 78%,
£0%, and 25% tiedines batwesn 100RZI0R 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

perpendicular ing 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 .
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the target e in betwosen the tie-lines that are composed of 50% {closer) and

28% (further sway) TR A similar proness s done for 100R and 220R such
that the sum of thase compositions is 100%.

~21 .
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WE CLAIM

1.

A base olf, comprising:

hydrocarbons with consecutive numbers of carbon aloms, whersin the
tase off has a balling rangs from 700 io 838°F (371 0 488°CY a Vi from
105 to 118; and & Noack volatility less than 18 wi%.

A bass ofl, comprising:

hydrocarbons with consecutive numbers of carbon atoms, wherein the
hase o has 3 bofling rangs fom 70D fo 825°F {371 1o 488°C), a Vi from
108 o 118 and 8 CO8 VIS & <25°C loss than 1800 mPas.

A hase off comprining:

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,

The base o of olaim 1, claim 2, or claim 3, whergin the base oft has a i
from 108 to 115,

The base off of olaim 1, claim 2, or claim 3, wherein the Vi is from 107 o
118,

The base off of olsin 2, wherain the base oif has & Noack volatility less
than 18 with.

The base off of olaim 1, claim 3, or claim §, whersin the Noack volatifity is
fons than 17 wit.

The base off of claim 1, clalm 2, or olaim 3, wherein the base sl can be
bendad inlo a SW grads, & 10W grads, and a 15W grads engine off with
loss than 20 with of Group H base off or Group IV base oil in the blend,
The base ol of claim &, without any Group H or Group IV base ol inthe
blend.

10, The hasy oif of olgdm 1, olaim 2, or olaim 3, whargin the base ol can be

plended info o SW gradse, s 10W grade, and g 15W grads engine oll with
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 auditives to makes 3 fintshed ilwicant.

3
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12, The base off of claim 17, wherein the finished ubricant is & muitigrade
gngie ol and the multigrade enging oll i a SW-XX grade, g TOWXX
grads, or 8 15W-XX grade, wherein XX s selected from the group
congisting of 20, 34, 40, 50, and 80,

§ 13 The base oil of claim 1, claibm 2, or olsim 3§, sddiionslly comprising 8
gscond bass ol

14. The bass off of claim 18, wherein the second base il is 3 Group H bass
oil.

18, The base of of claim 18, wharein the base off has a kinematic visoosity 8l

10 40°C from 28.00 to 32.00 mms.
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