& METHOD FOR PREDICTING A PROPERTY OF A BASE OlL.

_ FIELD OF THE INVERNTION
This invention is dirscled i & method for predicting & property of @ base
ot and {0 2 blend chart,

SUMMARY
In a first aspect, there is provided a method for predicting a property of a
base oil, comprising:

a. seletling afirst base stock and & second base stock;

B, ﬁmpanﬁg @ chart having: '

& first pointwith o fist viscomatio proparty under jow ?amg}amtwa—
singd & first volatiity of the first base stock;

i, & second point with s secend viscorelric property undsr ipw
tsmperature and & second volatility of the seoand base stock;

5. blending the first base stock and the second base stock in varying
proportions to consiruct @ curve betwian the first point and the secand
point on fhe chart; whersin the curve pradicts whether s base off that is
& blend of the first bage stook and the ssoond base stook will meet
base ol requiremards fore § mighed lubticant

d, I the curve folis below & point representing the base of raa:gwmmeﬂts
for the finished Wwhbricant, then the base ¢l bend of the first base slock
and fhe secohd basy stock are capeble of making the finished
fubricant;

2. if the.curve fally above the point representing the base ol requiremants
fr the finished Ribfinard, then the sorrect tvps of 8 rimvestock s
ascertained by & direction and 2 distancs one would need 1 shift the
CLIVE,

in a second aspect, there is provided a blend chart, comprising:
& & first point defined by a first viscometric property and 2 first volaiiity of
a first base stosk
B, & second point defined by a sesond viscomatis property and & sacond
sacong ‘xro’fﬁt%i%ty* of & second base stuck;
o, & curve drawn betweean the first nointand the second pointthat
predicts & third viscometric property-and & fnind vokatiliby of one o more
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biends of the first base stock gnd the seoond base stock; and

. ope or more farget fanges encliosing desirad values of a fourth
viscometric property and g fourth volalifty thet are fefuisd to meel s
specification for s finishey lubricant; whersin the g&siﬁmn of the curve
ralafive o the sneor more tﬁég&t ranges pradicts whather a Blend of
the first base stook and the sseond bass stock will mest the
sg&ciﬁc&ﬁ%&n-?ar-@hé Bnished ubricant.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 tlustrates & blernd chart having curves defining the typical
refationship between CC8 VIS @-25°C and Noack valatiiity of blands of
Chevran T00R with Chevron 2208, Chevron $10RLY and Chawron 2208,
Chevron 5R and Chevron 220R, Chevron 4R and Chevron Z20R, and
Chevron 110RLY and Chevron TR, The circle {0 the lefl encompasses the
target range of COS VIS and Noack volatilty needed for W mulligrade

engine oifs. The cirale in the cendsr encompasses the fargst rangs of CO8
VIS and Noack volatility neaded for 10W multigrade engine olis. The cirdle to
the righi encompasses the iés‘gaf: range of CC8 VI8 and Noack volatiiity
neadad for 15W multigrade enging ofls,

Chevron 110RLY i & new base ofl with improved properties,
Chevwon 100R, 150K, and Chevron 220R are commercial Group 1 base ols,
Chevron 4R, 8R, and TR are commercial highly parafiinic unconventional
bage olis. Chevron 4R and Chewron TR are Group i bage oils, and
Chevron BR is & Group § base off,

FIGURE 2 iustrates a blend char having a first point defined by the
CC8 VIS and Noack volatility of Chevron 100R. The blend charthas g
sacond poind defined by the OC8 VIS and Noask volatility of Chevron 7R,
The blend chart has & th'srt% point defined by the CC8 VIS and Noadk volatility
of Chevron 220R. Curves are drawn between the three poirds, A target point
of 2 008 VIS of 3342 and & Noack volsiility of 11.73 is placed on the chart.
The chart instructs 2 user how much of sach of the tres base oils may be
biendad to mest the target point properiies,
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DETAILED DESCRIFTION OF THE INVENTION
Definitions: | ‘

The ferm “comprising” means including the slements or sieps that are
identified ?&iiﬁ:«wiﬁg that term, but any sush olerents or steps are ot
exhaustive, and an embodiment may include othsr elemenis or sleps.

“Consscutive numbers of carbon atoms” means that the base ol has a
digtribution st}f.%zyﬁmmrﬁm motegules over a range of earhon numbers, with
swvery menber of aarbon ﬁumt}éz_‘a in-befween, For exampie, the base oif may
have hydrocarbon molscules ranging from $22 to C38 or from ©30 o 080
with every carbon number in-betivesn, ?h%--&‘;ytir_é:ﬁaiﬁéz}ﬁ rudecuies of the
Brase ol differ from sach other by consecutive numbers of carbon stoms, as s
conssquence of the waxy feed used to-make the base ol sigo having
consevufive numbers of carbon atonis. For example, in the Fischer-Tropsch
hvdrocarbon synthests reaction, the source of sarbon atoms is 00 and the
hydrosarbon malecules are bullt up ong carbor atom at & tme.  Palroleum-
éiss?és{e"eﬁ wany feets have consscutive numbsrs of carbon atome. It confrast
to-an ol based on polyaiphaciefin, the molscules of & base pil made from a
wasy fead and having conseculive numbars of carbon atoms have & more
finear structurs, comprising a relsthely long backbone with short branches.
The classic texdbook description of a polysiphacisfin is 8 starshaped
molecuie, and in pariculer tidecans, which s Bustrated ag three decans
molesules attached at's contral point. Whils 8 star-shaped molecule s
theoratical, nevartheless polyaiphacisiin molecules have fewer ared longer
branches thal the bydrogarbon molscuies that maks up the base oll disclosed.
hereis. |

A "base stock” v & ubricant component that & prodused by & singls
manufachner o the same specifications (independent of feed sourcs or
manufaciurer's location): that mests the sams manufaclurer's specification:
and thet s dentified by 2 unloue formutls, product identifioation number, of
both. Base stocks may be manufactured using a varisty of different
processes invluding but not limited to distiflation, solvent refining, hydrogen
processing, cligomerization, esterification; snd rersfining.
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A *base off” is 2 base stock or blend of differsnt base stocks: His
suitable for blanding with additives Into Brished lubricants mesting desired

- specifications,

A*bese stock slate” Is a produst line Of base stocks that have differant
viscosities but are in the same base stook grouping and from the seme
manufaciurer, '_

A “light neutre! base off' has 8 boling range of spproximately BSGF o
QUOSF { 343°C 1o 48270), a pour point nob greater than abowt ~§°C, and &
Kinsmatic visoosity at 100°C of about 4 o sbout 5 mm¥s.

A highly parafiinic unconventional base o' is 2 Group i or Group
base ofl having grester then 72% paraffinie carbon and less than 30%
raphthenic carbon by nd i anslysis

Mod-hd analysis s done by ASTR DI238.8% (Reapproved 2005Y withy
normatization. ASTM D3238-85 (Reappwoved E@i}%}fisf%hé Btandard Test
Mathod for Calaulation of Carbon stribution and Structural Group Analysis
of Petroleum Odls by the nud-M Method. This method fs Tor “olefin frag”
fendstocks which are sssumed iy this application to mean that that olefin
content is 2 with or fess, The normalization process nonsists of the Tollowing:
ﬁ;}_ ifthe Ca value ts less than zere, Ga is'sel o zew, snd Un and Cp are
increased proporfionally so that the sum iy 100%. B} ifthe Cn valus is less
thars zeny, On is sat o zero, and Ga and Cpave inorsased proportionaly so
that the sum is 100%: and C) ¥ both On and Ca aré less than zero, Gnoand
Ca are setio 7o, and Gp is setio 100%.

Test Method Descriptions: :

| “_%%ii'ﬁg range” is the § wit% bolling point to the 85 wi%, inclusive of the
and points, s measured by ASTM D 8352.04 and reforred to harein as "
SimDist. A hwerosarbon with g bodling range of 70010 BOOF, for sseamiple has

a 5 with boiling point greater than TOUMF andd a 55 wi% bolling point less than

QOUF.
"Kinematic viscosity” s & measuremant In mivie of the resistanne to

How of 3 fluid under gravily, determined by ASTM D445-08.

;-3-.-_:
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“isunslly indes” (V1) isan empiioal, unitless number indicating the
effect of tamperature change on the kinematic viscoalty of the oll. The higher
the V1 of an ofl, the lower its tendency 1 change viscosity with temperature.
Yl s measured scoording to ASTRM D 2270-04.

*Coid-cranking simulator apparent viscoslty” (CCEVIS B a
measurament in millipasost s&cwmﬁé, RS, to measure the viscomalric
properiies of jubricaling base gils under low tlamperaiure and low shear.

GOS8 VIS is determined by ASTH D 5283-04. OCE VIS may be measured at
different femperatures, such as -25C or 380,

“Nosck volatility” s defined as the mase of o, expressed In weight %,
which i lost when the ofl is heated &t 250°C with & constant fow of air drawn
through i for 6 minutes, measured according to ASTM DSBOD0E,
Procedurs B,

Pour point” is 2 megsurgment of the temperature at which a sampla of

 base ol will begin to Sow unider certain caretully controlied conditions, which

can be determined oy desoribed in ASTM D B830-02.
“Flagh poind” is & measurs of the landenay of the base oll i form &

 fimmmnable mivlure with air under controlied laboratory condifions. #is

mpasuted using & Clevelsnd open cup spparatus {ruanuat or automated): by
ASTM D 82-D8a,

“Oxidator BN measures the responss of & base oil in a simulated
application, High valuss, or long times 10 adsorb one ter of coygen, indicate
good stability, Oxidator BN can be measured vie.a Domile-lype oxygen

ahsnphon spparatus (R, W, Dormve "Oxidation of White Olls,” Industrisl and
Enginegring Chemisley, Vol 28, page 28, 1838}, under 1 almosphere of pure

otygen o 340°F. The Hime, in hours, 1o absort 1000 mf of G by 100 grams
of ofl Isreported. inthe Oxidator BN test; 0.8 ml of catalysl is used par
00 grams of ofl, The catalyst is & mixture af solulvle metabngphthienales
simulating the average mels! analysis of used crankease off. The addilive
package is 80 millimoles of zing bispolypropylenephenyidithiophosphate
par 100 gramsof of

“Weight percent arumatice” gives an indication of the UV and oxidetion
stability of a base oil. toan be measured by HPLG-UY.  In one ambodiment,

-
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e toet is conducted using & Hewlet! Packard 1050 Series Cuaternary
Gradient High Performanes Liguid Chromatography (HPLC) system, coupled
with & HP 1050 Diode-Aray UV-Vis detector intsrfaced to an HF Chem-
station, %sﬁ@tiﬁmﬁmﬁ the individusl gromatic dlassas in the base ot can be
made on the basis of the UV spaciral pattern and the slufion time. The amino. |

colurmn used for this ahalysis differentiates sromatic molecules largely on the

basis of their nng- numbse {of double-Borid number). Thus, the singls ring
srormatic contairing molecules slute first, followsd by the polyeyclic aromalics
in ordsr of increasing double bond numbser par molesuls, For sromatios with
sirritar doubde bond sharacter, those with only alky! substitution on the ting
shite sooner than those with naphthenic substtulion. Unsoauivocal

- identification of the-various bass ol sromatic hydracarbons from their UV

sheorbance speiclra can be accomplished recagnizing that thelr peak
electronic transitions are all red-shifted relative to the pure madel compound
analogs 108 degres dependant on the emount of alky! and naphithenic |

substitution on the ring system. Cuantification of the wluting aromatic

goripounds can be made by Ent&gs‘aﬁﬁg shromatograms mads from
wavelengihe optimized for sach general tlass of compounds aver the

-appropriate relention e window for thet aromeatic. Relention ime window

fimits for each-aromatio class can be delamined by manusdly svaluating the
individual sbsorbanos specira of sluting campounds at different times ang
ausigrng tham o the appropriate aromatic dass based on their qualiistive

- gimilarity to mods! compound sbeorption spectra.

Base DI

We have developed sn improved base ofl comprising hydrovarbons
with sonsecutive numbers of carbon atoms. in one smbadiment, the base ofl
hig  boling rangs from 700 1o 825°F (371 o 488°C), a Vi from 105 to 145,
and 8 Noagk volatility less than 18 wit, |

In & sevond ambodiment, the base off hes » bolling range from 78040
B2E°F (371 to 495°C), a VI from 105 to 115, and 8 COS VIS &1 -25°C less

than 1500 mPa.s.
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in = third embogdiment, the base off has @ bolling rangs from 700 fo
G2Z5°F (371 to 496°C), a CGS VIS at -25°C of at lsast 1100 mPa.s, and & ratic

of Noaok volathity to 008 VIS at -25°C muttiplied by 100 from 0.80 1o 1.55.
The base ol has g V] hat s lees than 120, such that the base ol falls.

with the VI range of a Group i beseolll In some embaediments the Vi s from

105 w 118, such as from 107 to 115, 107 to 118, 1081 134, or 118 to 115,

The base off hag o ow Koack wolatiity, generally lees than 25 with or
jess than 20 wi%. in some embodiments the Moack volatiity isless than
18 wi%h, less than 17 with, or lass than 15.5 wit,

i ane amhotiment the base off has an Ceidator BN thet is grester
than 18, 20, 22, or 24 hours, In some smbodiments the Osxidator BN of the
bas# ol is Hgher than the wiginal Oxidator BN of an original base off from.
which the bass off is mads,

in one smbodiment the base ol has & high Bash poirg, such as greater
than 210°C, greater thar 215°C, or greater then 220°C. Generally, the base
o has o flash poipt isss than 278°C.

i one embodimant the base oif has & low with wial aromaticg, such a8
fans than 0.20 with, less than0.10 wi%, of fess than 0.05 wi%.

One feature of the base oif is that i can be blended into & wide vaviaty
of high quality finished lubricants by blending the base oif with orie or more.
sodifives, Examples of finighed bricants that can be made from the base ol
inchude enging oils, greases, heavy duly motor ofls, passenger car motor oils,
tansmission ard torgus fuids, naturel ges engine oils, markte lubricant,
raflrotd lubricants, aviation lubricants, food provessing lubricants, paperand
forest products, matalwerking fiuids, gesr lubrcants, compressor lubricants,
turbing olis, hydraulic olls, heat transfer olis, barvier fluids, ard other indusirial
products. in one embodiment the bese oil can be blendad into a multigrade
engine o, Examples of mulligrade sngine olls that can be blended with e
bane off are BWRCK, 10WXK, and 15W-RX, wherein XX & seledied from the
group consisting of 20, 30, 40, 50, and 80,

The base oif may addiionally camgﬁ?%s&a-ﬁémné base ol inons
embodiment the second base ol &s & Broup B bass .ol Group I, Group i
and Grouy- IV base olls ars definad in Appendix E of the AP 1508

ol
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spedification, Aprll 2008, A Group 1 base olf has greater than {sz“r&{-guai o
20 persent saturates and lses than or squs! to 0.03 percent sulfur and has &
Wi gmaﬁe}iﬁanwﬁq@% to 8 and less %ﬁam 120, A Grouy Whase off has g
greater than or sqisl o B0 perentsaturates and less than or equal to 0.3
percent suliur and has & Vi greater than or squal to 120, A Group IV base ofl
is & polyaiphaoiefin. The second base oll, for example con be ong having &
kinamatic viscoslly &t 40°C trom 40.00 (o 48.00, such ay & 220 nsulral.

in some erbodiments the hase off addiionally comprises s second
base of, In one ambodivnent the base off containg less than 20w, Ises
than 10 wi% Group i or Group IV base off, less than & wi%% Group M or
Giroup IV base ofl, or no Group 1 or Group IV base ofl. in another
smbodimant the bass off dontains less than 20 widh, less than 10 wi%, or no
highly paraffinie unconventional base ofl. One example of & base ol that can
be: made without any Group U or Group TV base ofl, is base ol having &
Kinematic visoosity ot 40°C Trom 28.00 132,00 wms.  This base ol could
be referred 1y a8 & 180 neutral base oil. This 150 neutral base off has parfect

propetties for blending with additives, and evary with no other base oflg, Info

angine oils. # can be blanded inty 10 engine oils thal mestmodarn
spacifications, including low Noack wolsdility. Examples of modem
spevifications that these sngine oils can mest are the ACEA 2007 fimits for
ABIBI, AXBS, and AS/BS for gasoline and diess! engine oils.

In one smbudiment the base off can be blended info & W grade. &
TOW grade, and 2 15W grade engine off without a igh amount of Group i or
Grovp 1V hase off i the blend, In anather embodiment the base ofl can be
blended inlo & W grads, 8 10W grade, and 2 T5W grade without & high
amount of highly peraflini unconvertional base of, Ghroup W, Groyp IV, and
highty paraffinic unconventional hase olis are offen considerably more
gxpansive than other Group | bass oils. In gngther embodimentd, the 8W,
disclosurs, & high amount of Broup I or Group 1V base ofl is consideret o
be greater than 20 wi%, or in some embodiments @ high amount can be
greater than 40 wi%, In one embodiment the base off can be blended into a
SW grade, & 10W grade, and & 15W grade engine off without any Group #itor

"
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Group IV base ol in the blend. in another embodimant the base oll can be
blendead into a 5W grade, & 10W grade, and a 15W grade angine ofl without
arny highly paraffinic unconventional hase ofl. 5W, 10W, and 15W grades and
miultigrade SWLXX, 10WLXX, and 15W-XX engine ofl viscosities are defined

by the SAE J300 specification, published Novembsr 1, 2007,

Process to Manufacture Bass Ol

We provide a process to manufacture a base off, comprising
selacting an originatl base off having an oviginal Vi from 88 1o 115, an original
Nosok volatility from 20 to 30 wi%h, and an ongingt CCS VIS & -25°C from
1900 1o 1500 mPas. We remove 3 lower bolling fraction from the origingl
hase off, whereby a base ol is made having a kinemalic viscosity at 100°C
from 4.2 to 4.6 mmdfsa Vi that s ot least 4 higher than the oniginal VI, a
Nosck volatility that s af least 3 wi% lower than the original Noack volatility,

and g OCE VIS at »28°C that is within 200 mPas ot the original COS VIS at -

28°C.

i one embodiment, the base off has & ratio of Noack volaliiity to
COS VIS at <8°0 multiplied by 100 within a desired range. The desired
range may be from 0.80 to 1.55, from 0.90 to 140, from 8.80 o 1.30, or from
1.0 10 130

in one embodiment, the original base off hae an original kinematic
visgosity at 100°C from 3.750 {0 4.45 mm&s, When the lower builing fraction &
remaved this raises the kinemalic viscosity of the base ol inone
embodiment the base off has g kingmatic vistosily at 100°C from 4.05 o
475 mmiis. |

it one erdodirnent the lower bolling fraction is all of the hydrocarbons
i the original base ofl bolling below a certain temperaturs, éuah as for
gxampie §25°F, G8Q°F, GES°F, or B80°F.  The lower bolling fraction is
removad by carefully controfied vacuum distillation having a thwer fop
femperatire, & towear bottom temperature, & tower 1op pressure and & tower
bottom pressure that are selected to remove all of the hydrocarbons in the
ariginal base of bolling below the cenain temperature, Various differand types
of vacuum distillation control systems may be emploved, such as those faught

B
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UG Pat Nos. 3,365,388, 4,517002, or 4,804,145; in prder to provide the
highest vields of desired fractions and exast cut points,

I ohe embodiment the VI of the bass ofl is st least 5 higher than the
original Vi of the grigingl base ol For example, i ihis embodiment i the
fs less than 120, such thatthe base ol iz & Group 1t base ofl. Inone
ambudiment, the base off has & VI from 108 to 118, or 105 to 115

The Noack volatility of the base ofl is ol least 3 wi% Jower, and up o
20wt lower, than the original Nosek volatiity of the original base ol iIn one
ambaditnet the Noack volatility of the base oll is atleast § wit iower than

the original Noack volatility. In another embodinent the base off has & Noack

volatility less than 18 wi%.

The SOS VIS af -25°C of the base oif fs within 200 mPas of the
origingl CUS VIS ot -25°C. In one smbodiment the CCE VIS al -258°C of the
base off is'within 175, 150, or 125 mPas of the orighal COS VIS et 258°C. In
ane smbodiment the base off hag 2 CO5 VIS st-25°C less than 1500 mPas,

in another embodimant the hase of has 3 COB VIS a1 -25°C graaler than

1400 mPas.

In one ambodiment the base ofl has a boiling rangs from 700 to 885°F
{571 1o 406°C}. .
C inone embodiment the base ofl s made by & process including the

sidditionsl step of hydrocracking s heavy hydrcarbon feedstock ina

hydrogracking zons to oblain » greater amount of the original base oll, The
heavy hvdrozarbon feedstock has hydrosarbon molecules with & carbon

numbsy of G20+, and Has a Swi% olling point greater than SU0°F (318°C),
Buitable sxamples of heavy hydrosarbon feadsivoks inchuds vasuurn gas ofl,

deolied vacuum gas off, slack wax, Fischer-Tropseh derived way Teed,
patrolewrm wax, high pour puint polyaiphaciefin, foots ot normat siphs plefin
wa, deolled wax, microorystaiine way, avd mixtures thereol.

HYDROCRACKING
In one embodiment the operating sonditions in the hydrooracking zone
are those fypical of cormnmersial hydrocracking oparations. n another

.-



WO 2010/039295 ' PCTIUS2009/046873

14

1%

20

28

K

arbodiment the apetating condiionsin the hydroorasking Tong arg selected
to convert & heavy hydrocarbon fsedstock to & product slate contairing
gramter than 30 wi% of 2 waxy intermediate fraction which Is upgraded 1o the
oniginal bese ol ko different embodiments the opensting conditionsin the
hyidrocracking zons can be aslecied o convert & heavy hydrosarbon
feedstonk to 2 product slate containing from greater than 30 wid%, fram
greatar than 32 wi%, or from greater than 34 wit of & waxy intermediate
fraction. In differerd ambodiments the oparating condiions in the
hydrowracking zone san be selecled b cotwert o bieavy hydiocarhon
fesdstock t0 & protdus slate containing lass than 80 with, lsss than 50 wi%h,
loss than 40 wi¥%, or less than 35 wi% of & waxy infermediate fraction. none
embodimernt the operating condiions | the hydrocracking zong are selected v
sairveert 8 heavy hydrocarboh Teedstork © o produd siate Sontaining hom
grester than 200w1% 1o less than 40 wi%h of & waxy ntarroediate.

. The original base ofl has an original Vi from 88 fo 118, an origina!
Noack volatifity from 20 to 30 wi%, and an original GCEVIS st -25°C from
P00 i 1500 mPacs. The temperature in e Rydroorasking zone will be within
the rangs of from about 500 °F {280 °CY to about 800°F (480 “C), such as
within the range of from about 850°°F (345 °C) o about 808 *F (425 °CL A
toisl pressure sbove 1000 palg s used. For example the tolal pressure oan
e gbove about 1800 peig, or above sbout 2000 peig. Although grester
maximurn pressures have been reported in the literature and may be
onsrable, the maxdmum praciios! total pressure generadly Will not exceed
sbout 3000 peig. Liguid howly space velooily (LHEV) will usually fall within the
range of from about 0.2 to about 5.0, such 55 from about 0.5 to sbout 1.5,
The supply of hydrogen (both make-up and recycle} is preferably in excess of
the stolehiomelric amount needed to orack the fargel molecules and will
usually fall within the range of from about 500 to about 20,000 standard cubic.
feat {8OF) perbamed. In one smbodiment the hydrogen will be within the
range from abott 20000 sbout 10,000 SCF pey bawel.

The catelysts used i ihe hya&mms&kéng zone arg sompoged of
ratuiral and synthetic materials having hydrogenation and dehydroganation
activity. These catelvsls are well known iy the art and e pre-selacied o

40~
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eratk the target mvlecules and produce the desired product slate. The
hydrocracking cafalyst is selected to seinvert a heavy hydrocarbon feedstook

to & product siate containing a commerciafly significant amournt of 8 wey

intermediate fraction which Wil be upgraded to the original base ofl.
Exemplary commersial sracking catalysts generally contain & support
consisting of ahuming, slica, slica-aluming compusites, sitice-slurning-zirconis
somposiisy, sifica-alumina-titania composites, acid troated clavs, orystafine
alurinosiicate zeoliic mulsoular sleves, such as zeolits A, Taujasite, zentife
%, zeolite Y, and various combinations of the above, The
rydregenationdehydrogerstion componernts geterally consist of & met&ﬁ ar
raetal compound of Group VI or Broup VB of the periodic table of the
slements. Metals snd their compounds such as, for example, coball, rigkel,
rasiybdenum, ungsien, platinum, nalfadium and combinations theveof are
knovern hydroganation cormponents of hydrooracidng catalysts.

in ane embodiment; the upgrading of the waxy infermediats fraction
includes the steps of hydrolsomerization dewandng in an isomerization resctor
arid hydrofinishing In & hydrofinishing reactor.  Hydroisomerization ghowsxing
angd %sycimf rishitg are well knowrn in the art. - One example of s sultabis
ﬁpgsaézng process is described 1 in 1.8, Patent No 6,337, 010, where the
jeomarization of the waxy intermeddiats feadsiock s caried outate fower fotal
pressure than the hydrogracking operation.

Wi provide a base ol having & kinematic viscosity a1 10070 from £210
45 mmzfsa:k_ & Vi from 105 to 115, and a Noack voletiity less than 18 wi% by a
process comprising sslecting an origingl base oif and removing & lowey boliing
fraction, The original base ol has an original Vi from 85 1o 118, an originet
Noack volafility from 20 {0 30 wit, and an ofiginat DC8 Vig-al -28°C fom
100010 1500 mPas. The base off properties and processes are the same a8
desciibed salier. For example, the onginal base ol may optiohally be made
by hydrocracking a heavy hydrocarbon fesdstock in a hydrocracking zons,

wharein he oparating conditions in the hydrocracking zone sre selected to

convert the heavy hydtocarbon feedstook to a product sigie containing

LI
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Noack volatiity to 008 VIS at -25"C multiplied by 100 from (.80 01,55, from
0,80 to 1,45, or from (.85 10 1.35.

i one embuodimant, the removing s done by seleating & distiftation out
point fhat groduces a vield of the bass oll thet coresponds 1o a farget visid
hasad on 8 commerciat dernand {97 3 ight neutra! base oil. The higherihe
distiiiation cut point the lowsr the yield of light neutrsl base oft that s
produced. This can be an advantage when tommarsial demand for fight
neutral bass off is Tow, yat demand for higher quality base ol & incragsing; a8
it leads to overall better base of plant profitabiiity. As commercial demand for
light neutrat base off changes, the distifiation cul polnt can b selected o
meet 8 new rarget vielkd, _

In anctherembodiment, the operating conditions in the hydrooracking
zone tan alee be selected ;s: produce & vield of the base off that corresponds

1o the target vield based on dommercial demand for fight neulral. Mors
severs hydrooracking ralses the VI of the weory Intermeciate fraction, white

cracking mors of the wazy intermediate fraction inte lower boiling
fydronarbons {some of Which will be subsequantly distiled out of the:origingl
base of that is producsd].

A Method for Pradicing & Property of 2 Base O

We provide & methad for predicting & property of & base off that
comprises seiscting @ first base stock and & second base stuck. A charlis
prepared having s first point that s g first viscometric property under fow
temperature and & Srstvolatiity of the first é}a&@‘sémk; Theohat slso has a
secong point ’éﬁm.’i& & second viscomettic property under low temparature and
@ seoond volatility of the second besestock. The Tirst base stockcand the
seoond base stock are biended in varving proporfions (o construct & surve
betwean the first polnt and the sscond point onuthe charl. The cuive predicts
whether & bass ofl that is & blend of the first base steck and the second base
stock will meet base off raquirsments for 2 finished ubrinant. B the curve falls

pelow & point representing the base oil reguiremants for the finished

w33
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iubricants, then the base oif blend of the fiest base stock and the second base .

stock are capable of making the finished lubricant. I the curve falls sbove the
point reprasenting the base ol requirements for the finished lubricant, then |
the corract type of & i stock is asceriained by g dirsction and 3 distance
one would nead 1o shilt the cune,

in this discioswre the position of the curve as being sither ‘above’ o
‘below’ is relative 10 how the ohart is drawn. For this desaription, tis
assumad that the chart is drawn with the y-axds having the volatility from Jow
fo high as one moves away from the origin of the chast. itis alsoassurnad
that the chatt is drawn with the x-axjs having the viscometrie property charted
from low to bigh as one movas sway from the origin of the chart

if the chart is drawn with the y-axds having the valatitity from High to low
#5 onie moves sway from the origin of the chartand with the viscometric
praperty Trorm gh to low a8 one moves away Trom the origin, then the
gwiﬁm of the curve being ‘above’ In facl means that the curve s on the
upper value side forthe volatilty-and the viscometric property rather than
visualy on the upper side in thel chart, I the chart is drswn with the y-axis
having the volatifily from high fo low as one maves away from the origin of the
chert and with the viscometric propety from High 1o low 28 one MOVES sway
from the ovigin of the chart, then the position of the curve being “below’” in fact
meoans that the curve is on the lower value side for the volatiiity and the
viscomettin propary rather than visually on the lower side in the chart,

in one erbodiment the finished bricant Is an engine oll. In some
shodiments the finlshed ubricant s 2 multiprads engine off, such as
SV, 1OWSX, or T5W-XX, where XX is selected from the group consisting
af 20, 30, 49, 50, and 88,

in one smbodiment the first and second viscomaelric properties under
jow temperature are DOS VIS at-25°C. In another embodiment the first
volatiity and the second volatilty are Noacl volatiity.

in ohe embodiment the curve falls sbove the point representing the
base off reguirements for the finished lubricant, and a tim stock is neadsd to
shift the curve below the point. The trim stock is & base off thathas properties
that bring the surve In the comect direction. For sxample, the frim stock may

-4 .
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be & Group I, & Group W, or & Group ¥ base oif; &5 long as it has desired

pmgaﬂﬁz% that bring fhe curve in the correst direction. Generally, less of the
frim stock s nesded ‘iha sloser the putve 18 in the gmn‘i representing the base
ofl requirernents. for the findghad lubricant,

In ane amba:szi}mmt the first base stock, the ssgomd hase stock, and
the i stock are sl Soup L There can be gdvardsgss o using af Broup {1
for reduging farmulation sosls amﬁ for simpiifving engine ol oualifications,

For the purposes of this specification and appendad claims, unless
otherwise iﬁw’iﬁﬁ_ﬁ;ﬁ%ﬁ , all numbers expressing guantities, gﬁeméntag% or
propotions, and other numericat values used in the speciiication ang slaims,
are to be understond as being modifisd iy 2l Instarices by the term “aboul”
Furthermore, all rangss disciosed herein ans inclusive of ihe endpoints and
sre independently combinable. Whenever & numerical range with = Inwer
fimitangd an upper imi are disciosed, any number falling within the renge s
slso specifically distlosed.

Any torm, abbreviation or shorthand not defined s understood to have
the ordinary meaning usad by a parson skilled in the artt st thelime the
application s filed. The singular forms "a,” “an,” and “the,” inchide plural
references uriess expreasly and uneguivocally fimited to ong instance,

Af of the publications, patents and patent applications sited in this
appfication are herein incorpdrated by reference in thelr entirety to the same
axtentas fthe :ﬁ%&cﬁn@sums}f'&m inclividual publicadion, paterd applicetion or
patent was specifically and individually ndicated o be inporporated by
reference In s entirety.

“This writtery description uses examples t© disclose the invention,

inchuding the best mode, and also to snable any person skiled in the art to

make and use the ﬁmfﬁﬂiim kany modificalions of the exemplary
ambodiments of the swaﬂism disclosed above will r@aﬁﬁy ooout to.those
skiliad in the art. Accordingly, the invention s 1b be construed as neluding all
structure and methods that fall within e scope of the appended claims,

T
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Bariples of Chavron Neutral OF 1D0R were recsivad fiom the Chevron
Richmond Lubrizants Off Flant. Chevron THIRLY base ofle were made by
vacuurr distiling off 8 lower bolling fraction fram the Chavron Neutrst Ol
100R, The distilislion cut points wete approsimstely 580 1 870°F. The
average properties of the Chevron Neutral O 100R base off, and the

properties of two different Chevron 1HORLY base vils are shown helow, in

Tabla 1
iable
Propeily T10RLY Base | T10RLY Base | 100K Bass
Qi RE i
Viscosity index 112 118 108
SimbDist (Wi, °F
0.5 B8 881 g18
B 713 71 872
10 727 731 &84
Pk 745 781 744
A 7H0 TES 732
40 TT3 T8O 748
&0 TES 783 764
80 787 8GY T8
70 810 a2 TH5
80 825 8B40 B4
80 844 god g38
5 858 888 a7
G858 807 845 0L
Kinematio Vis @100°0; 4§, 301 g 540 4.041
mm®ls
Noack Volaliily, wib 18.2 14.8 232
CUS VIS at -25°C 'i_fiéz? 1414 1233

N
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Froperty TIORLV Bage | TI0RLV Bass | 100K Base
ol O O
" Elash Point, GOG, °C 218 IR S8
T Bowr Bt G T HE TR
Cixidator BN, hours SEE - EEE 161

Tt Aromatios B0E7E GOE3E | Go%84
Roack Vomtiy / COS VIS | 148 | 108 188
al :
-25°C X 100

The removal of the Tow bolling fraction of the Chevror 1O0R gave
irrprovemants in a number of diffatent desited base ot properties, Indluding
lowering of the Noadk wistility, reising of the flash poird, lowering of the pour
point; increasing of the oxidation stabiity, and reducing of the aromatics.
Anathar heheft was that the COB VIS 1 -25°C was stit rossrdasined wel
helow 1500 mPa.s Prior {o this invention, Thad besn expatied that the
removal of the lower bolling fraction would increese the CUB VIS at -258°C 1o
wall above 1700 FPas '

Example &

Orthere have manuiactured base olls having a SUS visonsity at 100°%F
of spproximately 110, otharwise known as V1IN bass ofls. Dne exampls is
CormeoPhifips 110N, Ancther expmpls is 2 "IN blended with Flscher
Tropseh derivid basse ofl, Chevon S20R, and Ergon Mygold 100, This
example isfully deseribad in US Fatent Application Mo, T3/047 BRT, fied
farch 13, 2008 Kinematic viscosily iy rerfs st 1O0°F can be convertad o
SUS viscosity at 100°F according to the arithmetic and the refersnce lable
provided i ASTM D 216105,

- 4B -
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The properiies of these two comparisot bass olly gre shown in

PCTUS2009/046873

Table .
Tabke i
.
| Typical Property ConocoPhillips | 11ON" Example |
10N | from 121047887 |
Visoosity Inoss 55 T4
Kinasmatc Vis @100°C, PR 4067 |
mm_% |
Nonok Wolatiity, wivs 285 AGEE
CCEVIB at-25°C 1500 1256
Flash Pomnt, COC, 'L 158 R
Bour Poirt, 76 3 33
Vol Distiied at 700°F 14 (Max ) :
" Noack Volatildy / CUS VIS at 1.78 3,28
; 25°C K 100 |
Example &
Bilands of TOWL30 multigrade engine ol wers mads with blands of
different base stocks. They were blended fo all have approsimately the same
10 Kinemstio viscosity al 100°C. An additive package was selected that was
desigred (o formulste @mgim gils mesling both AR G0 and ACER £8 heavwy
widy engine of specifications, ' |
 Thetomposhion of ihese engine olf blends, and thelr properifes, are
described in Table . The X i the table indicate what base stooks were
1% included in each ofthe blands.

Table it
| Base Stocks, with Ref | Blend | Blendd | Bled
| vtz 3
“Chevion 5R =40 T
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| Rase Stocks, with o Ref. | Blend | Blend | Bleng

| 1 2 3

_ Chaveon T1ORLY X X b4

Thevion 2201 X 4 X %

“Theveon 8008 % ¥

;S?&%@;mﬁ R 21D s

ﬁ oSt Group Il Base | . ] | g =20

. Stock | ]

“Additve. Packags % X X X

| Properties Spec. Weasurements

ittty thaex. iR Va0 AG T 158

TKinemate Vis @A00°G, | 1T BI24 | 20 TR TRE T ED

e ]

"AB Graviy Filhpioald | 314 | 468 | a8 | 3

Noadk Violatiy, wiv T i) T A28 T 1288 | 1260 | 12.21

TEE VIS at 05°C EEDG 7000 | D453 | 6804 | 6706 | B603

Pour B, 6 B | G4 | 36 | 38 | -3

HIHE WP s A 1777 R Y Y R Y

VIRV @-30°C, mBas  GU000(Wa) | 19857 | 19674 | 20781 | 19434

' Yield $§§*ﬁﬁﬁé Pass Pasy Hagz | Pass | Poss
Soanming BrockRe @ o o

N ” | 16667 | 53381 | 32972 | 20805 |
30°C, mPas -
Gelation index  T(Wax) | B4 | 61 | 68 | 58

The Chevran 110RLV gave a technival adventags, in that mugh lower
gushiiiies of the more spensive and highly processed Chavron SR or
Chevron TR ware needed o blend excelient TOW-30 engine olis mesting bath

AP G4 and ACEA Eb heavy duty enging off spaciiications. Blend 1 had no
Group 1 base off or Sroup IV base ol Blend 2 had less than 10 with Group

1 or Group IV base ol Blend 3 had less than 20 wi% Group Bl or Group Iy

48
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t;m‘a oif. Blends 1, 2, and 3 alf contained ro highly paraffinic amae;mf@m%ﬁmé'

bane gll,

Example 4.

The char shown in FIGURE 1 was prapared by sslecting different
pairs (having o first base stock and 8 second base stogk) of petrolewm
darived Chevron base stocks, messtring the COS VIS al-28°C and the
Noack valiatlity of sach base stosk ard plotting the polints (a first poird and 8

séoond point) on a By chart. Blends of the pairad-Chevron base stooks were

made in varying proporiions and the CO8 VIS at -25°C and the Nosok
volatifity of sach of the blends were measursd and vesd 1o congirust o curve
somnecting e firstand sgoond paints.

The chart shown i FISURE 1 elso includes points whege current
sommarciat miltigrade enging ofls were testad for CC8 VI8 at -25°C and
Nosck volatility. They fendsd tocluster inte areas o the charl. The sres
eircfing the small triangles on the left side of the chart are BW-XX angine olls,

- the ares circling the small sgusres In the tentey of the chart are 1 OVY-5X

engine oils, and the ares oirling the small circles on the right side of the chart
are THWXK engine olls,

In this example, base oit requirements for & 10W engine ol wers set
having & OOS VIS s -26"C of 2800 and a Noack volatiity of 14 wt%. The.
ohart it FIGURE 1 was referred to, and i was found thet the curve Detween
Chavron 110RLY base ol ard Chevran 220R base oft fell balow and closs o
the point representing the base off requirements for the T0W engine ol This

gave g good pradiction that the 10W engine off reguirements could be met

with & blend of only thase twoe base oils, and not requiring any trivn stook.

i it was desired that the angine oif have muostly Chevion 100 and
Chgvron 2208 base off, then an amount of trim stock would nesd to be ussd
to meat the same base-ofl requitements. Based on the chart one would
predict that blending in of Chevron TR trim stock woukd be 8 good choiee o
bring down the Noack volatiiity of the base off blend to within the desired
range. Based on the chart one would also predict that blerding inof

T
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Chisvion S8 ar Chevron 4R frimy stock woul be @ good choiee to bring down
e GOS8 VIS at -38°0 of the bass ofl blend o within the degired range.

Exampi_ﬁ.ﬁ:

Atarget point with g COB VIS &t -28°C and Nosck volatility of 3342
and 11.73 was sslocted. This target puint defines properties that will mest &
WX grade engine ol specification. This target point was placed on &
Wland chiart, These different base stooks wers selected thet have CCB VIS st
25°C and Nosck volatiities different from this point, and their CC8 VIS al -
26°C and Noack volatiiities werg placed on the eharl. This blend chart is
demonstrated in FIGURE 2. Curves are drawn betwesn the points defining
the GOS8 VIS ot <28°0 and the Nosck volalilty of sach ofthe three base olls.
The curves defined & space inside the curves, whers the target point was
positioried, This blend chant demonsirales that these thres base oils can be
.ﬁ$@{£ o make & Base of blend having approximately the 008 VIS et -28°C
angd Nosgok volatility of the tergst point.

Figles 2 Mustrates a blend chart having & first point defined by GGG
VIS and Nosck volatllity of Chevron 100R. The blend charl has a ssoond
point-defined by the SOS VIS and Noack volatility of Ghevron TR, The blend
chari has o third point defined by the COS VIS and Noaolk volatility of
Chevron 2208, Curves are drawn between the thres points to-form & tamnary
blending space. A target point of 3 GOB VIS of 3850 and & Noack volatility of
$1.75 is plated on the charl.  This target point s charasteristic of & typlosd
1DWARE finished lubricant product base off blend, Thelarget pont i

positionsd withio the fernary blending space defined by the thise curves

drawn batwaen the three ﬁi‘i‘f@?ﬁﬁi;ﬁ&%ﬁt&_ The blerd chart instructs @ useras
to how much of each of the three bass ol 'may be blended o meet the targst
point propearties.

The series of ines constructed betwaen the three adges of tha tarnary
Blending spane represent thres degress of distance away from sach base ofl
ﬁﬁm;‘m%‘%&ﬁ‘é, For nstanos, going away Froem TOOR towards the TRZZOR bend

» 25~
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curva, & user Wil encounter Bves lines along the way that swe ag:&éséﬁm TEY,
5%, and 26% tedines between 100R/ZZ0R and 100RTR tland curves:
The composition of sach blend component at the target pointls.
defined ss 2 retio of distances, namaly, the distancs fromy the component
point to & perpandicidar line through the target point divided by the distancs

from the component point to the opposite edge of the tsrnary blending space.

For example, the ampunt of TR i the base of leng of 100RISZORITR would

b i between 35% and 50% based on the fact thal a perpendiculsr ine

through the target lies in between the tie-lines that are composed of 50%

toloser) and 25% Hurther away) TR, A similer progess is done for 100R ang

2208 such that the sum of these compositions is 100%.

B I
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WE CLAIE
4. A method for ;;;*a{iiﬁéng a propery of & base off, comprising:

o selecting & first hase stock and 2 second base sioek;

<X pmg:aamg & shart having:

i, & first point with & first viscomabic propery under jow lemperature
and a first volatiity of the first base stock;

fi. & second point With 2 second viscorhelris property under low
lemperature and & second volatiity of the senond base stock;

& blending the Trst base stock snd the senond base stock in varying
propoftions. to consiruct & curve batwean the first poirdand the second
point on e chart; whersin.the curve predicts whether 3 bage it thatis
2 blend of the Tirst base stock and the segond base stook will rmeet
base of requiremants for a nished lubricant;

g, if the curve falls below a point representing the base of requirements
for the finished lubricant, then the base ofl blend of the first base stock
gl e second bass siock ans capable of making the finished
lubricant

a. I the curve falls above the point representing the base off requirements
for the Snished kibricare, then the correst tvpe of a trim stock is
sscerteined by & direction and » distancs one would need o shift the
LI,

. The masthod of olaim 1, wherein the fnighed lubricant is 2 mulligrade

anging off.

2 The method of claim 2, wherein the multigrade enging ollis & BW-XX

grade, & 1OW-XX grade, or 3 1BW-XX grade, whersin X(is selected from
the group consisting of 20, 30, 40, B0, and 80,

. The method of claim 2, wherein the mulfigrade engine oil meets an englne

olf specification selected from the group of APHOJ-4, ACEAES, ora
combination thersof,

. The method of claim 1, wherein the firet viscomelris property under low
temperature and the second viscometrin property Lndes low temperature

arga QCS Wi,

. The method of claim § ‘whersin the OGS VIS s msasured at -25°C.

0
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7.

The method of claim 1, m&amiﬁ'fﬁe:firsﬁ velatiity and the second volatility
are Noack volatiity.

The method of claim 1, whersin the first base stock and the sscond base
stk ars pedroisum derved,

The method of claim §, wharein the first base stock and the seco! bage
stock are & Group ¥ or 2 Group .

44, The method of claim 1, wherein the i stook is 2 Sroup I & Group ;:ir

a Group B,

11, The method of claim 1, whersin the first base stock, the second base.

‘siook, and the trim stook ans a Group i,

12,4 blend chart, comgrising:

& a first point defined by a first viscometric properly ahd 3 first volatility of
2 first bass stook:

b, ¥ secund point definéd by a ,semn'é viscomeatrio property and & second
second volatlity of 3 second base stock;

o curve drawn between the first point and the' second point thet
pretiicts & third viscometre property-and & third volstility of one or more
hlends of the first base stock and the secornd base stock; and

& pne or more argel ianges enclosing desired valuss of & fourth
viscomettic property and & fouth volatiity thet are requited o meet g
'&gmaiﬁcaﬁmm:fw = Aintshed jubricant; whersin the posiiion pfthe curve
radafive {0 the one of more target tanges pradicts whather a blend of
the firgt base stock and the second base stock will mestithe
specification for the Snishad lubricant. |

13, The blend chart of claim 12, addiionatly comprising one or mors additional

points defined by an atditional viscomeiric proparty and a additional
volatiity of one or more other base stocks; and a position of one or more
of the additional points instructs & user of the chart how much of the one
ar more ofher hase stocks may be blendsd with the blend of the first bass
stock and e segond base stock o mest the specification for the finished
bricant.

14, Tha blend chart of tlairy 12, wherein the first, second, third, and fourth

vincomatric progenties are CUE VIS,

D%



WO 2010/639235 . PCT/US2009/046873

15, The tlend chart of ciaim 12, whersin the first, second, third, and fourth
volatiities are Noasok volatiiity.
18, The blend. chart of claim 12, wheveln the finished fubricant ts an '&ﬁg?ﬁéﬂ_ﬁ?
17. The blend chert of claim 12, whersin the one of more target ranges
5 sncloss desired values of COS VIS and Noack volatiity for one or more
mulfigrade sngine oils sefectad from the group of BYW-XX grade, TOWLEN
grade, 1EW-XX grate, and combinations thereof,

S



