A METHOD FOR PREDI CTI NG A PROPERTY OF A BASE O L FIELD OF THE | NVENTI ON
This invention is directed to a nethod for predicting a property of a base
oi | and twoaotwmmdschart. BRI EF DESCRI PTI ON OF THE DRAVWKRGYSE00GORIE7L
illustrates a blend chart having curves defining the typical relationship

bet CCS VIS @W ' g@@ 100R with
Cﬁe\\,/v?gg 220R, Che@ikgrEQO%ﬁ‘i%ggI{ §E§§3§§%§ %gﬁﬁf}%ﬁevron% a'nd@égevron \éVIZOR,
Chevron 4R and Chevron 220R, and Chevron 110RLV and Chevron 7R The circle

to the left enconpasses the targe .S and Noack volatility
needed for 5Wnul ti grade engi ne 8 =R the center enconpasses

the target ra”@ﬁzs@ﬁv&@%n\&%w%%"’é:!ﬁw@‘{@é@?ds'ﬁsé&:aﬂﬁ%%%a&ﬁﬁ y 0U/ddet | or ade

engine oils. The circle to the ri enconpasses t'arget” range of

VI S and Noacit arel Wta bistyd siwetied for 15Wnul ti grade engine oils. Chevr on
110RLV is a new base oil with inproved properties. Chevron 100R, 150R, and
Chevron 220R are commercial Goup Il base oils. Chevron 4R 5R and 7R are
comerci al highly par afféﬁ - Ql Chevron 4R and
Chevron 7R are Group |11 WEINGTS oup Il base oil.

FI GQURE 2 IIIustrqieﬁsgﬁzblg&s@r&@@&tb&wbﬁmm&kwmw aémﬁ%ltm&eﬁmthe CCS
VIS and Noack vol atili Chevron 100R The bl end chart has a second

poi nt def i négiagpnghg b@@@% SEn Y IRGBAE Tornd MNopel veltiiyadiddandsRef The bl end
Cho on o AL BB B Py eceRar Septl MachafflanabitY o
a CCS VI S of{i3842n fdwad NoaetornvDEeR | tham‘mmﬁi@n:}i{}hwrm AB6R, andt he chart.
Chevront TIORLY and Chewron TR, The cirgle o the el encompasses the
target range of CCS VIS and Noack volatility needed for W multigrade
gnging oils. The cirdle in the center encampasses the targst rangs of COS
15 VIS and Noack volatility nesded for 10W mulligrade engine alls. The circle to

the right encompasses the target range of OGS VIE and Noack volatility

neadad for 15W multigrade engine gils.
Chevron TI0RLY is a8 new base il with improved properties.
Chevron 100R, 180R, and Chavron 3208 are commeraial Group H base oils.
20 Chevron 4R, 5R, and TR are commaercial highly paraffinic unconventional
base olis. Chevron 4R and Chevron 7R are Group i base oily, and
Chevron BR is & Group H base odl
FIGURE 2 Hlustrates a blend chart having a first point defingd by the
CC8 VIS and Noack volatility of Chevron 100K, The blend charthas a
2% second point defined by the OC8 VIS and Noack volatility of Chevion 7R,
The blend chart has a third point defined by the CCE VIS and Noack volatility
of Chevron 220R. Curves are drawn betwesn the three points. A tamget point
of a CO& VIS of 3342 and a Noack wolatility of 1173 is placed on the charl
The chart instructs 2 user how much of each of the thres base olls may be
30 blended o meet the tauget point properties,



The chart instructs a user how nuch of each of the three base oils nmay be

bl ended to neet the target point properti es. DETAI LED DESCRI PTI ON OF THE

| NVENTI ONWOehiofi3pisons: The term "conprising” means i ncl edirngg2elae4@renent s

or steps that are identified followng that term but any such el enents or
st eps are not exhaustl\gg;}“;@pggpggm(}mgr@gtgg@mm\her el enents or

steps. "Consecutive nuffbérs of carbon atons ' neans that the base oil has a
di stri but i orddeifn il »ocar bon nol ecul es over a range of carbon nunbers, vvi th

every nunber of

have hydrocar bon ﬁb 5%’3‘%@3 n?%%.fﬁ%@ﬁiﬁ%ﬁh%@%&%ﬁ%ﬁ&@%%&i 0 W|th
gv;a][y c?r boﬁdMﬁWfﬁi mmmmmﬂ'b&’i bWstammm?&mamw&he base oi l
iffer fromeach other consecutive nunhers rbon, ato as a
consequeRce SRBAB Y T ETDPOUTE TR e ORI SRS TR ng
consecutive numbeps, ok GalkDai 86 S cofffhn %W s?eem@tﬁét%@ﬁﬁ%@% ?‘H‘O Sﬁh

hydr ocar bon synt heS| S reaction, the source of carbon atons is
hydr ocar bon dwstibcitrest é}f{é’@mmm mplconiescadsenrsagemi aarkon mmsbars wsih

Pet r ol eunderj ved feeds have ons rb .

cont rast 't o WEBNHbEs g ER bt TaP ARt e el B ORR AR o

made from a pResvnidesskrbod Méhﬁ@w@ﬁ@@ Whoiny €BUHES cpfrogarions Ass have a
nmore |inear structure, conprising a relatively | on%?backbone wi th short

br anched@ Tn@%w‘aww%@wﬁ%mm&@mﬁn diegtydio BIrpHEBHER I e a

st ar - shaped I Lisdecans t ed as

three decaneﬁgr%’oI%gét':%§ egﬁgﬁ g&@g{%@g {%gﬁ% {ki pol n%}e%%%éé%ﬁ g%{‘hﬂé %%)ed

nol ecul e i s coinsegeiwadi t?mrvm‘g Mm@elma&wﬁmba@& n;i aiﬂae"emi;m have fewer

and | onger branches that gg/ gocar bon tgpl ecul e % ga g t he, base

oi | di scl osdd REFETE mmhemﬁ arbon atoms. For exampls, sn e Fischen ropsch
hydrocarbon synthesis reaction, the source of carbon atoms 8 00 and the

18 hydrocarbon molecules are Bt up ong carbon ator at a time. Pelroleum-
derived waxy feeds have consscutive numbers of carbon atoms, In contrast
{o an off baged on polyvalphaciefin, the molscules of & base ol made from a
wasy fesd and having consecutive numbers of carkon sloms have g more
linsar structurg, comprising 2 relativaly ng backbons with short branches.
20 The classic textbook deseription of 8 polvalphaociefin is g stershaped
modscule, and in particular fridecane, which iy Hustrated as thres decans
molecules sftached 3t 3 contral point. While a star-shaped molecule i
theorstical, nevertheloss polyaiphacisfin molscules have fowsy and longer
branches that the hydrocarbon molecules that maks up the base ol disciosed
<5 herein
& "base stock” Is a lubricant component that i produced by & single
manufacturer to the same speciiications (independant of feed sourcs or
manufacturers ocation): that meetls the same manufacturers speaification;
and thet is identified by & unigus formuls, product identification numbsr, o
30 both, Base stocks may be manufaciursd using a vanely of different
processes including but not limited 1o distillation, solvent refining, hydrogen
processing, oligomerization, esterification, and rersfiting.



A "base stock"” is a lubricant conponent that is produced by a single

manuf acturer to the sanme specifications (independent of feed source or
manuf act wer2os/d3ezat i on) : that neets the same nanuf act uPem/Us2&PM¢ds73 cat i on;
and that is identified by a unique formula, product identification nunber,

or both. Base stqg¢ ;s@é@”%a{%&%ﬁﬁ&é%&ﬁ&a&@id?%iif?er&ﬁf b %’s@&ké’.i fifigr ent

processes including but not limted to distillation, solvent reflning,
hydr ogen pr cedsbionigr biridggne th zaiditves ntotfewdiidciablionis ansiivey gddinsidhg. A
"base oil" is a.base stock or blend of different base stocks. It is
sui tabl e fo@gﬁﬁgﬁﬁﬁﬁﬁsw th additives into finished [ubricants neeting

desired specificaf rigRs: sthok BRSE 8 ogledabalred of IRad |HORRIS hiaoe oiferhase
stocks that have different viscosities but are in the sane base stock

gr oupi ngSandiFrwiiesHit st HEntanae tupe sioek RogRInGRRR Fam BEs®R| " has a
boi l'i ng rangﬁ 8&3&@9&9“ mately 65Q0F to 9000F ( 343X to 482C), a pour point
not greater | ﬁan‘ about -5C, and a kinematic viscosity at 100C of about 4 to
about 5 mM2/s. AA Highbhyupaliaidd ol 'hasne boliegtraopabi bpgmxsendield 858 FGooup | |

G L1l i), .havin ter than 72% ffinic | d |
Chan 906 naiRRET o BHRe T B el ot GEHRE ihan sha SO0 Rne by
ASTM D3238- 9%q4-RenpPEeN&H; R00TF Nt dhnR Rl dizak 50Am ASTM D3238- (6

(Reapproved 2005) 1s the "Standard Test Method fQE,_CaI‘“g:uI ation of Carbon
Di stri bdfli on and fsthigblyurasifigioupoavarisns osepel iopdumuail] & Gyouthi! n-d- M

thi s appl | B o il ARate B T B R S o fese he "
nor mal i zat i omypPriends Sananshe tisl-Rf stdigsikol lowing: A) If the Ca value is |ess
that the sumis TogoM Byres sty Ao Dasees ReSored 2BB8] wik™! ¥ =
normalization. ASTM DIZIR-U5 (Reapproved J0US) s the Standard Test
18 Method for Calcylation of Carbon Distribution and Structural Group Anglysls
of Petrofeurn Oils by the nab A Method. This method is for "olefin free”
fexdsivoks which ars assumad i this application to mean that that olefin
contant is 2 wit%h or less. The normslization process consists of the ollowing:
A) if the Ca value is less than zero, Ca s sel o zerg, snd Gn and Cp sre
20 incrsassd proportionally so that the sum s 100%. B} Hihe Gnvalue s less
than serp, On is set o zero, and Ca and Cp are inorsasad proportionally so
that the sum is 100%; and C) F both On and Ca are less than zere, Gn and
Ca are set o rere, and Op s st to 100%.

258 Tesl Method Resciiptions:

“Boiling range” is the § wi%t boiling point (o the 88 wi%, inclusive of the
and points, o maasursd by ASTM D §352-04 and referred to harein a8
Simlist. A hndrocarbon with 8 bolling rangs of 700 (o BOOF, for sxample has
a 8 wi% bolling point grester than 700°F and a 88 wi% bolling point less than

30 SOIYF

"Kinemalic viscosily” is a maasurement in s of the resistance o

fiow of 1 Theid under gravily, detsrmined by ASTM R445-08.



Cp are increased proportionally so that the Ca are set to zero, and Cp is
set to 100% Test Method Descriptions: "Boiling range" is the 5 wt% boiling
poi nt to wWbeoB®3w%, inclusive of the end points, as neaEUrsdodP4683IM D
6352-04 and referred to herein as Si erist A hydrocarbon with a boiling

range of 700 to 94 t han
7000F and a 95 wm % ¥§§Eﬁgﬁgﬁ%%§§?t an 98/%@%@%%%&???%&5 téggéél ty" is

a measur energffdch Qﬁt&ﬁﬁms@mmhéﬁaﬁgglm hedangpatit givcositaot theiwdl. ubigehiggeavi ty,

ot eoes s el BB Aire e aRhade DR hars B M BBl

ki nematic vmqesmég&;g@é@taagg@;ﬁ wRe TR pheyriihe Vt of an oil, the lower its
tendency to change viscosity W|th t enper at ur e. I.S. e sured according to

ASTM D 2870- 04. "mm&a—rﬁm w&@&i&ﬁaa@@wrﬁﬁmw (istysitge (ccs vis) is a
measur ement #Qg&%r | C&fﬁ%& ﬁlazabgsgs%%%m&@a rﬁaﬁ LOuIRASKELS ﬁx%% RLTIC

properties o ing base oi S under Tow tenmperature an oW shear .
CCS VIS is detperticserd lbyickEhlyiRsBR98- a@@armszmsemwmmmmm at

st he mass GRSOT 5 Gl Bbeen B A SEMUR B8 S €15 W& Neimebhe ot i s

heated at 230Gk berfip @@@@;@gnaugg . B @k Lasin awn through |t for 60 m nutes,
measured accordin to ASTM 0- 05, Procedure B. "Pour poinf is a

nmeasur effént of t H Q%W@iéﬁ!ﬁt}f’éﬁ defingd ahthe BwepIcd cBf exrgeeses In weight Begin to
flow under cerlaiDCRLRLULLY SODRESILR SRPEI kP B%onthirR RoRAR fPaflfler m ned
through | for 80 minutes, measured ascording to ASTM DSS0R-08,
Frocedure B
Four point” s & moasuremant of the lemperature at which 2 sampla of
15 base ot will bagin o Bow urder sartaln carefully controlied conditions, which
san be determined as desoribed in ASTM D 8080-02,
‘Flash point” is 8 measurg of the endency of the bass ol o form &
farmmable mixture with air under controliad laboratory conditions. s
measursd using 8 Cleveland open cup spparstus {(manual or sylomated), by
20 ASTM D g3-08a
“*Osidator BN messuras the responss of 3 base ol in a simulated
applioation. High valuss, or long times to adsarb ons Ber of oxygen, indicale
good stability, Oxidalor BN can be measured via o Dornte-typs oxygen
ahsorption spparatus (R, W, Domts "Oxidation of While Olls,” industrisd and
35 Enginesring Chemistry, Vol 28, page 28, 1838}, under 1 almosphers of pure
oxygen at J40°F. The time, In hours, to absork 1000 md of Gp by 100 grams
of ofl iz reported. I the Oxidator BN test, 0.8 mi of catalyst s ussd pear
100 grams of oil, The catalyst is 2 mixturs of soluble metabnaphthenales
simulating the average mstal analysis of used crankeass ol The additive
30 package is B0 miliimoles of zing hispolypropylenephenyidithiophosphate
per 100 grams of ol
“Weight perpent aromatics” gives an indication of the UV and oxidation
stabiity of a bass off. ¥ can be measured by HPLGUV. Iy ong embodiment,

vl



"Fl ash point" is a nmeasure of the tendency of the base oil to forma
flammabl e m xture with air under controlled | aboratory conditions. It is
nmeasur ed weizng)/(m:@lsevel and open cup apparatus (manual oPCIASIMAESY3 by

ASTM D 92-05a. "Oxi dator BN' neasures the response of a base oil in a
simul at ed apphike@ats eBnqlikeh u‘é@ig@%w@éﬁ FQRGak! 1850 Beradsnidaeney | i ter of
oxygen, indicate good stabil Oxi dator BN can be neasured via a

Dor nt e- t ype {Gseyigan &ﬁgéé’fﬁﬁmm&m@mw aswpmRatagrapby SiELCorpetam. anupiadmi t e

Qls,"” Indust, rl m 936), under
1 at rmsphere @gﬁfggggﬁgﬁgﬁyﬁ‘g&%%&éﬁ?nﬁg %C%% tﬁp%gﬁ?zé riaaorb 1000 m
of G2 by 10QtgH®st d@htsﬂt&tsﬁrﬁeﬁ&eoﬂzﬁ@@ual Srofisicubsaton (B testsll Rwdhel  of

catal yst is used per 100 grans of oil. The catalyst is a mxt_gre of, sol ubl e

met al - napht H@ﬁﬁ%’*é@ Eeeﬁaéasm‘?ﬁgettﬁ\é spoevalgEtioer anddhnrydios Bpe b sB M kcase

. Th d i
8: spol ygr gp en;iéﬁh%%?hggﬁﬁ éﬁﬁ%g%‘%ﬁ%@%ﬁ%ﬁ%@ﬁ&% ma miﬂs afw th per cent

aromati cs" diassschineirrdics atédmwedbr dhebi @\bmmmbdét?bm §hal§mui§?yﬁ§gf a base

. It b d by HPLC- V. | di pent, t duct ed
ising & Howl BOTRA AT Ea00 e R et AR BU b R PP PeiRance.
Li qui d Chr onRtegsad iodtRlg) dauss %ﬁhﬁ%@ﬁ#&i@%éﬁfﬁ@@@m épﬁ"éﬁéﬂafﬁ&m&vﬁﬁ ray

UV-Vis detector interfaced to an Chenstation. ldentification of the
i ndi vi di& ayvedat ﬁ%ﬁi@ﬁé@%@sﬁ&ﬁ&@iﬁe ib@%@éweihlmﬁaﬁ %@U@&N@ﬁ? FhBOEY s of the

UV spectral t I ed for this
anal ysi s di f‘gg{E d}g}?e agﬁa?}gﬁ%t#%:ﬂ &Q ecu %%tg e y o@r%“lfcﬁmboazl s of their
ring- nunber;ﬁé@iﬁ’a&@mbleéﬁi;)&mwsmwe ol @l’msetz;t h@m@iwsmng tagioh@dd i C
cont ai ni ng ecules eIueflrg foII d rEgo,ég}/cllc romatics in
order of inci® SRS HHhES RERRS %%? 5&‘@[‘ Rl 8%t ics with
f: rr?g' ar dOU%zécgth +&RaRRGE We aliReS! %h&éﬁé@%%iv& t8lthy bufd RRddkl Hbi9BLAR the
15 analogs to 8 degres dependsnt on the amount of alky! and naphthanic
subsiitution on the ting system. Gusntification of the sluting aromatic
compounds can be made by integrating chromatograms made from
wavelengths optimized for sach general dlass of compounds over the
appropriate refention fime window for that sromatic. Retention time window
20 fils for each aromatic olass can be detemined by manually svalualing the
individual absorbancs spectra of elwting compounds at different timss angd
assigning tham to the appropriate aromatic class based on thelr qualiistive
similarity to mods! compound absorplion spestra,

25 Base DM
We have developed an improved base ofl comprising hydrocarbons

with consecutive numbers of carbon atoms. In one smbodiment, the base ofl
has a boiling rangs from 700 fo §25°F (371 {0 488°C), a Vi from 10§ fo 115,
and g Noack volatility less than 18 wi%

30 in a second embodiment, the base off has a balling rangs Fom 700 o
QRBF (371 1o 488°C), a Vi from 105 1o 118, and a COS VIS at -85°C loss
than 1800 mPas.



el ute sooner than those w th naphthenic substitution. Unequivocal

I dentification of the various base oil aromatic hydrocarbons fromtheir W
absor bancwogpwazp@scan be acconpli shed recogni zi ng t hat PCaiSRo09®ads73

el ectronic transitions are all red-shifted relative to the pure nodel

compound anal 0gs ¢ ﬁar@%%s%@&ﬁé%gé%t% @&%m&g; f@ﬁg@h@%ﬁ 7enek

napht heni c substltutlon on the ring system Quantification of the eluting

aromati ¢ cor§¥&inds? '&:&?1#6@"%@6‘3%? &@gﬁ&f@ﬁ@%ﬁﬁ%ﬁﬁﬁ@@ﬁﬁﬁ% SnaEe sfipbm

| th
noor ont Lot & TS ROR 0" GE BR ST 25 fLfORp Be YIRS N KRR L ow
linmts for each anepidcobhass Cahabr iged drom TRE durhrtasUidk dasevsl faditi ng the
2551 o NG ¢ NG 16 VHENABSH Syereatrel apomati 0n GPAYLC DROSIHS (RO AT t ot 1 ve
simlarity tQdmdels GUERALADROIAM @) 19996113, 1BEIE 19! oe1hRy e gevel oped

an i nproved conpri si ng hydrocarbons w th consecutive numbers of
carbon atons. | n Orebasbodbavativwt Mondasdadity, desralibleit B Eﬁm‘gée fr om 700

to 925F(37 t 0,496 from105 to | at I|tyless
than 18 wt % ?‘“hmg“s&%ff éﬂﬁﬁ&m%ﬁﬁ%@ﬁ?ﬁﬁéﬁgﬁ%&%&ﬁf%ﬁ@b ?%iht %ange from
700 to 925F {@Z@gt@&g%@g v Jrnerg 409 tox g%, and a CCS VIS at -25C | ess
t han 1500 nPa.s. tn a d embodi ment, the base oil has a boiling range

from 7000t 0 925F {37 %m@w@i the bessoliresan UasletyrBithyldaaieal® 0o nPa. s,
and a rat| Ogﬂézi_ﬁgagéﬁ yol atd ﬁaé%r&t%i%e\éﬂ%@#%%%ﬂ%@%g% kd Gy R 1100 from

0.80 to 1.55. ase oi | such that the

base oi | falbdgantilib tdtesr\than dngerighabOGatyy BN diasexgiihal Haseseieom
enbodi nents the Vl %Js frgm 105 to 115, such as from 107 to 115, 107 to 113,
109 to 114, Wpch e pase ps s made,

in one ambodiment the base off has a high flash poind, such 3 greater
15 than 210°C, graster than J15°C, or greater than 230°C. Generally, the base
oil has a flash point less than 278°C.
In one ambodiment the base it has s low Wit olal gromatlios, such as
joss than 0.20 wite, less than 0.10 wi%, or legs than 0.08 wil,
Ome feature of the base ol s that it can be blended info & wide variely
20 of high guality finished lubricants by blgnding the base ol with one or muore
addiives. Examples of linished lubricants that can be made from the base ol
include angine olls, graasss, heavy duty motor oils, passenger car motor oils,
transmission and torque fuids, natural gas engine oils, marine lubricanty,
ratiroad lubricants, aviation lubricants, food proosssing lubricants, paper and
25 forest produsts, metabworking fluids, gesr lubricants, compressar lubricants,
turbing oifs, hydraulic olls, heat transfer oils, barrier fluids, and other industiia
produsts. In one ambodiment the base off can be blendad into & multigrade
engine ofl, Exsmples of multigrade sngine olls that can be blendsd with the
hass off are BWLXY, 10WLXX, and 15W.XX, wherein XX i selpcted from the
30 group consisting of 20, 30, 48, §0, and 80,
The base of may additionally comprise a sscond bass ol Inone
ambodiment the second base off is & Groug § bass ol Group i, Group 1,
and Group IV base oils are dafined in Appendix £ of the AP 1508

R



The base oil has a | ow Noack volatility, generally less than 25 wt % or |ess
than 20 wt% I n sone enbodi nents the Noack volatility is less than 18 w %

| ess t harw@20m039298r | ess than 16.5 W% | n one enbodi meot/ush@9olasses oi | has
an Oxidator BN that is greater than 18, 20, 22, or 24 hours. In sone

enbodi rrents t f at sl I gi nal

Oxi dat or % gﬁ%%??g%%%ﬁ%sé%ﬁ@%ﬁﬁgé lz}iﬁ f‘%‘&%ﬁggﬁﬁ@g?f éiﬁgaiﬁgdg In one
enbodi rrent tgile;&ésmset willrdtas méﬁﬁwﬁ?ﬁmmimﬁwsﬁ%i gjiibawed hdsad 210C,

ter thag,2 15 C t aner al Ly. the, base. h
! aeh poi nt axeRienndtoRediiiib srlAk BER TannePne bl BFpaREEt Bk om w o6
total arormt%réﬁtaw&@hmaé hgss magnt%m&a%s kag Sedd@anr kQuet 8 006 | ess

than 0.05 wt% One feature of the base oil is that it can be bl ended into a
wi de var Pet @%ﬁ@fﬁ.%ﬁf%aaﬁﬁw & Vhommser hapryr caves i) Sdding bhieasast oi |
BN one O RIS aonduiBR] ShellechhiaRE b KGNS bl SRNAGERAC fTrom
t he base 0|I ran ssion a torque ural ‘gas engine o

mar i ne | ubr ikGamhstic msmm4&)’5?%0@%&&@3@%&8&)%&&3@&a:ﬁiﬁ% szgui:abd

processi ng | ubricants aper.. and for cts, .etal workin | ds, gear
| ubricants, conprséhie 8@% Fjif,‘a‘?fg’é ié)?%’ #*@“@?5@“{9%‘*@3&%@ eat
transfer oi '&mbarrwmefém@ma&%@%% it w@éshwésspsh@ﬁ@@@t% Bs@ne

enbodi ment the base oil can | ended into a mul gra e engine oll.

Exanpl edlof tﬁant’%ﬁgﬁ&‘dé’%s‘@ngu%@f &m@m@m@aﬁ iﬁ‘é“ﬁﬁ"@‘h ad%niCiraup M obase oi |

are 5W XX, 1QW | C he group
consisting o %ﬁvﬁ%4é? ()5% %%6@&%& 3a$\§§%$%i g?q’;} m%ﬁ% ionally
conprise a sgapfginias&wobhse bra contsisnhedithmn ROt sewmszb%aml brns a

Goup Il base oil. Goup || oup |11 nd. G ou bas oils are defined
in Appendi x TESR¥ Wﬁiﬁlﬁfmﬁﬁ S iDREE| f%n,%%??(g Fo® & Ea@?(?ﬂﬁ ¥ Base oi

has greater 4nanQr@gidlantGroup 81 or Group IV base ofl, is base oil having a

18 kinsmatico viscosty at 40°C from 28.00 10 32.00 rands. This base olf could
be referred 1o 88 & 150 neutral base ol This 150 neulral bases ol hag parfect
properties for blending with additives, and evan with no other base oils, into
engine oils, # can be blendsd into 10W engine ofs that mest modem
spaecifications, including low Nosok wolatility. Exsnples of modem

28 specifioations that these enging oils can meet are the ACEA 2007 limits for
AJBZ, ABYS, and ASES for gascling and diessl engine ails.

in one symbadiment the base off can be blended into & 5W grade, 8

TOWY grade, and g 15W grade sngine ot without 8 high amount of Group B or
Group IV bazse off in the blend, In another smbodiment the base ol canbe

28  bended into 8 BW grade, 9 10W grade, and 2 THW grade without & high
amaount of highly peraffinic unconventiona! base ol Group B Group IV, and
highly paraffinic unconventional base oils are often considerably more
sxpensive than other Group § base olfs. In another smbodiment, the B,
TOW and 15W grades are all mulligrade engine ofls, In the context of this

3¢ disclosure, & high amount of Group Hor Group IV bass off is considered fo
be gregter than 20 wi¥, or in some smbadiments & high amount can be
greater than 10 wi%, In one embodiment the base of can be dlendsd into &
SW grade, 8 10W grade, and a 15W grade enging off without any Group # or

7



90 percent saturates and |l ess than or equal to 0.03 percent sulfur and has
a VI greater than or equal to 80 and |ess than 120. A G oup IIl base oil
has greatwo 20102039295 equal to 90 percent saturates and | @s3/ushem/oars72qual to
0.03 percent sulfur and has a VI greater than or equal to 120. A Goup IV

base oil is @ m@l yehphaos of R nidhe m&&@kepé%a@ﬁmnﬁ% Rl &:¢88 be one

havi ng a ki ne ic viscosity at 40C from40.00 to .00, such as a 220
neutral . sordsehbbiitoreriy Qmé@baﬁé‘tfé igrade) dirgd ARVY 93’ Mﬁ@ﬁ%@ aideednd base

oil. In one g an 10
W% aroup. | 13MGrOep et AE Ty o fadteT SRG VBB YV bR T

base oi I, ormoBigtIdaalKIK, aw@}@umm\/m@s;ex@n@ il 48! eipotdines andbosiimmnt the

base oil _contai ns | ess t han w% less t 10 wmt % no hi ghly

par af fi nfic URCHRBHEGITH sagat %338?33 W@i@@ﬁé@ﬁjﬁ@“ﬁ?ﬁf 2@%2% oil that can be

made wi thout any Group IIl or Goup IV base oil, is base oil having a

ki nematic viscosity at 40C from 28.00 to 32.00 m"rQ/s. This base oil could

be referred Fmeass & VoOuhniuroBabage oil. This 150 neutral base oil has
per f ect propert| for bl endi ng wi.th ad |ve% and evgn WIIh no ot her base

t
oils, into engi ne (?;Frgw B8 FEFOBE 1Bt Lﬁm?“f’ﬁ DESHANGFRE s that neet
modem speci ficgad] InRNSn chifeklganol aniNgaskonghat vl frd. 050y, e @igfgmder n

specifications that theSe engine oils can neet_ are the ACEA 2007 Tinits for

A3/ B3, A% Bilosgidviisiily Tt 2548 o0 Wit aite ap ssainadb§rhe DRl L5 hiveme
Srbed: ot | Pind by O RIS b Popuastaad ety HGAARG, o0 @
oil in the bbswdod, Iwhmab’;( ksxéms&rmndlﬁm& h&hegtm%eem_akse wm&la&y bt éﬁiéféﬁtl into a
par af 1 i o e FohaT HactV biet Rrdhpey  Plongr b 6 e R 5
paraf finic ugenVEREIRPRhatBaLIRIst 8 VAL IRldraRa s ans LaGRaD YDt atity,
18 and a8 CCB VIS at ~25°C that is within 200 mPa.s of the origingl CCS VIS at -
28°C,
in one embodiment, the base oft has » ratio of Noack volatility o
GOS8 VIS at -35°C multiplied by 100 within s desired range. The degired
rangs may be from .80 0 1,558, from 0.80 i 1.40, from 4.80 1 1.38, o from
20 Lk 130
in ong embodimen, the original base off has an griginal Kinematic
viscosity 8t 100°C from 3.75 to 4.48 mm%/s. When the lower bolling fraction is
removed this raises the kinemalic viscosity of the bass ol Inone
ambodiment the base oil has a kinamatic viscosity al 100°C from 405 o
258 4.75 ram'fs.
in one embodimend the lower bolling fraction is gl of the hydrocarbong
iry the original bass ol boilling below & certain femperature, such as for
sxample 825°F, 850°F, 858°F, or 880°F.  The lower bolling fraction is
removed by carefully controfled vaguum distiliation having a tower top
30 temperature, a tower bottom tempersture, & tower 1op pressure and & tower
hottorn prosswre that are selected o remove ail of the hydrocarbong in the
origing! bass off bolling below the cerlain temperature. Various different typss
of vacuum distillation control systams may be smploved, such as those faught

VB



expensive than other Goup Il base oils. In another enbodi nent, the 5W 10W
and 15Wggrades are all nultigrade engine oils. In the context of this

di scl osurw 2a103gdysanount of Group 111 or Goup |V basePoiriuse@9nessss der ed
to be greater than 20 wt% or in sonme enbodi ments a hi gh anmount can be

greater than %@é@ Nk, mm‘s&d& @mmw@z@gg@ 195} iCaRiebe: phandetd nto a
5Wgrade, a 10 rade, and a 15W grade engi ne oi | W thout any Group 111

orGoup |V tiagﬁeasmeﬁmfﬁ@mm%ﬁmmm aprberar e BsEient the base oil can be

o ended 1m0 2 o410 G R 95 R o B SYLCHPHEPRLRS S Mot
mul ti grade S0 \ﬂﬁwéﬁ@(;ﬁﬁ;gm &M%% Sngirameld, ;wﬁs@emmtﬁw@a? gtidef i ned by
R T T AT

comprising selsctuag @b, %g m&ﬁ'm@g%@a% s BICID 18P bl Wbyl Trom 95 to

115, an origlna ack volatili rom 20 % and an original CCS
VIS at -25C§mbm§ém m msMsvmWéﬁsﬁ\ie ‘EégL ondBSboitiEng fraction

fromthe original er n ematic
viscosity at 10065?5? éﬁésagﬁﬁ %q%‘-ﬁgﬁgggﬁ\ﬁ JE ggﬂ !ﬁ%geésgmg lF(%igher t han
the origi nal pdddn &@éﬁkhy@km bi’&g}s&%i &s@a@m a@ﬂsiylaeaésé sagm%zdamai trhamst he
ori gi nal Noack volatilit - 25C t hat wthin 200 nPa.s

of the df giwabodoenitie: é{ag&k'gg%t& 5i’$rf3f6ﬁ§ igﬁﬁ&?l ﬁ@ﬁ{eaﬁ ﬁé"’%&%“f% f3fas a
oL e Aol ol N PR WP Hher GRERIMANRAL SR AOBR, °
1.40, from OuBkiitpleks3BandB Wikem 1.0 to 1.30. In one enbodi nent, the
ori gl nal Dase ol | heR AT IS L1 IRl K BETRLECN 569 blo Hed QU g om 3. 75 to
original COB VIR a1 -25°C. In ong embodiment the OC8 VIS a1 -28°C of the
18 bhose off s within 178, 150, or 1285 mPas of the original CES VIS st -25°C. In
one ambodiment the bass ol has 8 CUS VIS gt -28°C less than 1500 mPas.
in another embodimant the hass of has 8 COB VIS 81 -25°C greater than
1100 mPas.
i one ambadiment the base o has 8 boiling rangs from 700 (o 835°F
20 (3711040870
fry one ambodimeant the base o is made by 3 process including the
additional step of hydrooracking a hegey hydrocarbon feedstosktin e
hydrogracking zone to oblain 3 greater amount of the original base oil. The
heavy hydrocarbon Teedstock has hydrotarbon molecules with & carbon
25 number of 020+, and has 2 § wit% bolling point greater than SOC°F {(318°C)
Suifable sxamples of heavy hvdronarbon feadstocks includs vasuum gas off,
deoiled vacuum gas oll, slack wax, Fischer-Tropsch derived waxy feed,
petroleurn wax, high pout paind polyalphaciefin, foots ofl, normal alphs olefin
wax, deolied wax, microerystaiine wax, and mixtures thereol
3¢
HYDROQCRACKING
in ong embodiment the operating conditions in tha hydrooracking zons
are those fvpical of cormenercial hydrooracking operations, in another

w8



renoved this raises the kinematic viscosity of the base oil. In one

enbodi nent the base oil has a kinematic viscosity at 100C from4.05 to 4.75
m2/ s. | rwonrzetoanszydi nent the | ower boiling fraction is &C/uskooviogss?3
hydrocarbons in the original base oil boiling below a certain tenperature,

such as for sﬁ%@é@h@n@@@ﬁmx@@ﬁ?%&n@ﬁéﬁs 19O B0Ghcratlignd % aROLdibREd

fraction is renpved car ef ul control l ed vacuumdi stillation having a

tower top tA&NPeRERy rﬁe‘\ﬁéﬁ"}ﬁmﬁéﬁ@?ﬁﬁw Sredaiapetes gredu sidastnisepngr essure and
a tower bot tgr%g%ﬁ%ég}z HEE wt'th’a&ﬁ Q%&%Xﬁ ez{ii%\/?\sfﬁ%ﬁsa&& §rra SRy %tﬁ‘}?é%‘a 5&?&?@@%%&%(3“ bons

in the origi €' or I"hol & certain ure I'ous
di fferent typgsndbagacium diffetidiatisiimeont tel s}mtsmwﬁmh@smﬁw oyed,

such as tau htin U S. Pat. s. 3.365,386,, 4,617092, or 4,894,145; in
o dor T o5y SRR FgRE e e FRISTIs R ESPen A P BRESSR B ACt  but
points. In Q@%ﬁﬁ%@%wwéﬁ% di’sfs‘siésﬁﬁgl%?cﬁ Pbteh ﬁTa’%Hf? QA%L sRrfi gher than

t he original e orlglna base oi For exanple, 1n this enbodi nent
if the ori gigiaatewmrsm@‘a o toh drovh gtﬁateh'&xa@a%éew&%mﬂ%waw idarsediax  The VI

of the base 1Sl han 12 h, a Goup Il base
o1 T one fBirish: b ierbRESEhEdmaHE ind BRb R BRRisesin'8a S o hos 1o
115. The Noaﬁdﬁfwsﬁééﬁmglz’&‘s&%@Q:ﬁ’mti’éws@@é@{iqusﬁeﬁta %h&&%ﬁn&ssm%b@wer and up
to 20 vvt%lovver t han the or g i nal Noack volatility of the or|%| naI base

0| |. Int8ne ?ﬁﬁ%ﬁékmﬁ ﬁfﬁ@“ R cpotabgegs @‘Iﬁ?}%wﬁs&s asgithan SUat®heast 5
e o0 B8 KA UBIORE ERR YB\PELLT G e SORABA Tt
t he base oi |lemisodiviemt ﬁ%@@ﬁeﬁﬁ%&gwﬁsime {dng Hlrdalcr@BSw/idSimtre 886otekicone
e s of t hEBVEg T ecdReen foatteck Fhadieo ifisp FOREIORE e of 1 has
a CCS VIS atgragdfih@s 30 0Raclia00 tia48 it of a waxy intarmediate.
185 The original base off has an origing! Vi from 85 1o 115, an origingl
Nosok volatiiity from 20 10 30 wit, and an original COS VIS 81 -25°C from
11040 10 1500 mPas. The temperaturs inn the hydrotracking zone will be within
the range of from about 500 °F {280 °C} to about 800 °F (480 "), such as
within the rangs of from aboud 850 °F {348 °Ch to sbout BOD "F (438 °CL A
20 tolal prossurs above 1000 palg s ussd, For example the tolal pressure can
be above about 1800 psig, or above sbout 2000 peig. Although greater
maximun prossures have been reporiad in the lerature and may be
operable, the maximun practical {olsl pressure generally will not axceed
shout 3000 psig. Liguid hairly space velooily (LHSVY will usually fall within the
285 range of from sbout 0.2 1o sbout 8.0, such as from sbout 0.5 to sabout 1.8
The supply of hedrogen (bothy make-up and recycle) is praferably in excess of
the stolchiomstic amount nseded 1o crack the et molstudes and will
usually fall within the range of from shout 500 to about 20, 000 standard cubic
foet (BOF) per barrel. In one smbaodiment the hydrogen will be within the
3 rangs from about 3000 to about 10,000 SCF par barrel,
The catalysts used by the hydmoranking 2one are composed of
natural and synthetic matenisls having hydrogenation and dehydragenation
activity. These catalvsts are well known in the st and are pre-sedacied i

S48 .



I n anot her enbodi nent the base oil has a CCS VIS at -25C greater than 1100
nmPa.s. In one enbodi nent the base oil has a boiling range from 700 to 925F
(371 to 4A86Qp10/03p2950ne enbodi nent the base oil is nmade PETAISPIODESSI3

including the .rocracking a heavy hydrocarbon feedstock in a hydrocracking

zone to obt %&E@Wt@@éeﬁ%@@@w@é 0k #rB8uaE gl éa@é:;éa@gm@u siafhermheavy
hydr ocar bon feedstock has hydrocarbon nol ecules with a carbon nunber of

C20+, and hdwdsewagkiog petdiviig g@iﬁﬁ%eégtﬁmﬁﬁtan%%ommw@@ﬁ fosdsioabl e
exanpl es of iQ%%gﬁgacﬂég&a‘& m émlg?sg @%ﬁ LA WD, %f%'s&m% eoi | ed

vacuum gas Oi TY 6Op5C waxy eed rol eum
wax, high pmf'smtim@e ﬁaby@tﬂhaﬁiwﬁ |iﬁ3 upgratied o khe ooginal badepbi oI efin wax,
deoi | ed ya m crocrystal line wa m xt ures .t hereaf. HYDROCRACKI NG I n
one enbodi m?r’?tg PRHEY. %ﬁ“ﬁﬁ ?@H%Wl“@@ v$ih SERETHY FFEEFE AT HRPTbne are those

typical of comEREGhL amfﬁ;&@%@&a&, s@&&@&m @aﬁmkam%td@eé 1AReelBRt he

operatl ng conditions in the ydrocr INg zone are sel ected to convert a
heavy hydr ocamorsitbectlitmskinibaditpriadestpasitas cagd iated nigyyrausieinghan 30

i - 1 ol t P BRCSURE R bR TRL B BRER R RBFAER S IR, acki ng

zone can be }elsefiecd, sl canver forabihedus by theosirmhnThkeedst ock to a product
sl ate containin from reater than 30 wt% from eater than 32 wt% or from

gr eat er 1¥hadvd ﬁﬁtf%&@f? dehiasgparsdiep ﬁ?'é*&?%"@“%ﬁﬁm??ﬁg AFEPEFEHTE B8 ent s
Convert & heae PR o D O b A B B R I P g | ess
t han 60 wt %eidreestst MadaBnt Yeilesspadrals MChagdooexamgle, thiasl, 380kt % of a
waxy inter md{%é?ﬁgﬁfgéﬁ%cﬁmgsﬁsn & a%imsm patiadium and combinations thereof are

known hydrogenation components of hydrosracking catalysts,

15 iy one embodiment, the upgrading of the waxy inlermediate fraction
includes the steps of hydroisomerization dewsxing in an somenization reaclor
sid hydrofinishing in a hydrolinishing reactor.  Hydmisomerizetion dewsxing
and hydrofinishing are well known inthe arl. One example of & sullable
upgrading process is describad in U8 Palent Neo 8,337,018, whare the

20 isomerization of the wayy intermadiale fesdsinck is carried out st g lower otal
prassune than the hydrocracking operation

Base Ol by Progess

We provide 2 bass il having & kinematic viscosity st 10PC from 42 fo
25 4.8 mimls, a Vi from 108 to 115, and a Noack volatility less than 18 wi% by a
DIGOSSS comprising selecting an original base o and removing 8 lower bolling
fraction. The origina! bage off has an crigingl Vi from 88 o 115, an original
Noaok volatilify from 20 to 30 with, and an originat DEB VIS a1 -258°C from
1004 to 1500 mPacs. The base ol properiies and processes are the same as
30 deswibed sartlier. For exampls, the onginal base ol may optionally be made
by hydrocracking a heavy hydrocarbon fesdstock in & hydrocracking zone,
wharein the oparating conditions in the hydrooracking Tone sre ssietitad o
convert the heavy hydrocarbon feedstock fo a product slate containing

w41 .



enbodi nent the operating conditions |I the hydrocracking zone are sel ected
to convert a heavy hydrocarbon feedstock to a product slate containing from
greater twearoBm3n9% to | ess than 40 wt % of a waxy i nt er Fedits@9/044¢323
original base oil has an original VI from95 to 115, an origi nal Noack

volatility fdfﬁgte%%émﬁw\t $ad %@m%t@a a@@tm% Whirak ug:%?&téd fMnE100 to

1500 nPa. s. e tenperature I n hydrocracki ng zone will "be wthin the
range of frmmm@@@i F@ﬁ(m&i)ammbwﬁ t@@ase(mémwaw@a@aﬁswfw t hin

pr essur o abdedosser i° FEURE it cBuREl el rar Ra R 1 B (B

above about {1888 pSid or@for@baveraboat 2000 psig. Al though greater nmaxi num
pressures have been reported in the literature and may %géog rahl e, the

maxi num fr act i cal NiseRTpRdERIH et gREral @ﬁ/*%‘mﬁ %&Sﬁ*@i@k@ @tioresd psi g.

Li d hourl t. nge of
f Irglr%I aboutJ 0&%&@% %%Qg{u%%goiywsucl-éﬁ %‘»%rﬁ?ﬁi out Bé%{){ng‘é‘%%' t@rﬁﬁ'{?;é%hg
supply of hyesagem é@h%mtnﬁd@mmxﬁ?mmﬁgﬂt@)autwt pusf o abhg Highselbess of

the stoichio rlca unt edt l.es and wi ||
usual 'y fal |{§T§§|§ ﬁ??ﬁ Wﬁ%@% Gﬁ‘fmftg% @%8&@?&? fgg?éﬁ%%f’} %53356%0 st andar d
cubic feet (p%&tmwrm@réeﬁt b bR RRBNRIEROLTHER BbrirRechy deaaei Nk hijhbe within
the range from about 0 0 to about 10,000 SCF per barrel, The catal ysts
used i n1he i braekiing penet éﬁ@mgéﬁi%ﬂwﬁ&%ﬂ%ﬁ @ina Y RERBT] %"*
materials h 0

catal ysts a?gg‘?\%%ﬁlrg%%% r&%& ﬁ%é%%%q:t nga{%g%%ggyse ect ‘ﬁét%%rdgé‘g e target
nol ecul es arnigipeditgehdseoitiesane, m@dm&ﬁammm polidesanyie seleatki im:g cat al yst
is selected to convert a heaEvy hydr ocarbon feedstock to a product slate
cont ai ni ng dNEBHHBLM WIS ¥Gni fi cant amount of a waxy internediate
fraction which wl &ﬁhm%@ﬁtérﬁ %ﬁ%&r&&t@%m@ﬁé@wﬁt‘m HpRemhaky

comer ci al cracking cat al ysts generally contain a suppo
15 zone oo albo be selected {o produce a yield of the base @si t?‘}at sorrasponds

o the target visld based on commercial demand for light neutrel. More

severs hydrooracking raises the VI of the way infermediate fraction, while

sracking mong of the wagy infermadiate fraction info wer bolling

hydrocarbong {soms of which will be subseguantly distilled out of the origingl
20 bass off that is producsd).

A Mathod for Pradiction s Properiv of 8 Base Ol

We provide g method for predicling & property of & base oil that

comprises sslecting o first base stock and & sscond bass stock, A chartis

25 preparad having 8 first point that is 8 frst viscometiic property under low
temperature and a Srst volatiiify of the first base stock. The chartalso has &
second point that & 3 second viscomelr property under low temperaturs and
3 secand volatilty of the second base stock, The first bass stock and the
sacond base siock are blended in varying proportions fo construct 8 curve

30 behween the first point and the sscond point on the charl. The curve predicts
whether o bass off that is & blend of the first base stock and the second base
stock will moet bage ol requirements for a finished lubricant. H the qurve falls
below 2 point representing the base off reguiremeants for the finished
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consisting of alumna, silica, silica-alum na conposites,

silica-alum na-zirconia conposites, silica-alumna-titania conposites, acid
treated cweaysio/mswstal line alum nosilicate zeolitic nol @Cultsromioesses, such
as zeolite A faujasite, zeolite X, zeolite Y, and various conbinations of

the above. Theidwk qaen M BRLSNKIGRDSNALI PE KARPOBER bAd IR EAMNY LGRS St
of a netal or netal conpound of Goup VIII or Goup VIB of the periodic

tabl e of thetetiensnianstipohrekindhernishabrpionds Slherruve Bl slmgnipre,
cobal t, nickel ] al.at l.au adl 0 Qi nations
t hereof are %ﬁ%*m*’%g %‘%&%ggh%é? %}%%’gégr?r%%lﬁgéﬁéﬁgg %@%%%i@r?%ggg*al ysts. In
one enbodi neEhi cotrhet pgroddi gy shck e avessinined by redirationfaracs dassiue! udes

t he stepg of hydroj soneri Z%ﬁﬁg{% dewaxing in an isomerization reactor and
hydr of i nPshitiE YRV TRRE ST 81 R¢™¥Peact or . Hydr oi someri zati on dewaxi ng

ydrof i ni shing ar g ue3lieuiulrd tho Bodtibn AenexaRl & Bing et AblReupgr adi ng
process is described in U S Patent No 6,337,010, whefe the isonerization
of the waxy Twived redisive 10 dadsthectharbischnwne i dbisalssariptamrit ot al pressure

t han the hydrocracki.ng..o |0n....Base QU] by Process Ve .provi _base oi l
having a ki mesdree RCUBERIgt Bt Bl v A e e T IR Bty Tos
to 115, and ia Hhgagk onelrabldd kxal @98 thagidiB oitle byam frno ahssswampsd si ng

sel ecting an original base oil and renpving a |ower boiling fraction, The
origi naﬁgba§%afcﬁhﬁ ghest igravngriiainevi-axie Sve e ResmgR eF \W%Fﬁiﬁm k
volatility fg L a: 9 ﬂ@g% A HERNAL Hoh 25C from 1000 to
1500 nPa. s. fﬁgﬂ?é%\gééeﬂﬁa%‘%%{%er |e§2él?i dﬁ%ﬁ)‘%lsssé“s g%gﬁt g'geemgame as descri bed
earlier. For exarpiss charbisaireginnath tase asis havinyg tstwstily jrobehighde by

Ty oer Aokt g 8 AL A OFRER BT 28 el VA B TERAL L oo (o
praparty from high to fow 38 one moves sway from the origin, then the

18 position of the curve being ‘above’ in fact means that the curve B on the
upper value sids for the volatility and the viscomstrio propsrly rathsr than
visually on the upper sids in the charl, i the chad is drawn with the yaxis
having the volatifity from high o low as one moves away from the origin of the
chart and with the viscomelric property from high to low as ong moves away

20 from the origin of the chart, then the position of the curve baing "below’ in fact
means that the curve i3 on the lower value side for the volaliity and the
viscometdrin propenty rather than visually on the lower side in the chart

in ong embodiment the finished ubricant is an engine ol I some
ambodiments the finished iubricant s & multigrade angine off, suth as

25 BWAX0 TOWLX, or 18W-XX, where XX i ssiscled from the group consisting
of 20, 30, 40, 50, and 80

in one smbodiment the first and second viscomelrioc properties undsy
low temperaturs gre COS VIS at -25°C. In another embodiment the first
volatility and the second volatiiity ars Noack volatility.

38 in one smbodiment the curve falls above the poind representing the
hase off requirements for the finished lubricant, and & trim slock is neaded to
shift the curve below the point. The frim stock is & base off thet has propettiss
that bring the curve in the correct direction, For sxample, the tvim stock may

- 48~



convert the heavy hydrocarbon feedstock to a product slate

cont ai ni nggreater than 30 wt % of a waxy internediate fraction which is

upgr aded wo 20toen3ga95gi nal base oil. I n another enbodi menPCTiUsSe0lAES7DI | can
have a ratio of Noack volatility to CCS VIS at -25C nultiplied by 100 from
0.80 to 1.5 S ey iehessahed ment,
the renovi nS) éggg}fg §Eg% %&T%}gﬁ ﬁfggyr?ﬁgw}ﬁ%lél%ﬁ a(%I\:gut §|l$$t t hat produces a
yi el d of therbpsdicsihaliving &i‘@rmé*smhm mfrssa:ﬁt»:%mg%m yﬁ@lﬁ@rﬁésé@sﬁ the

base o 1t nati ogk Bnddp i IR LR bt Rob InERSknliE T e cmna

for Iight nwﬁmbgg@mgﬁd;ﬁl;@ﬂ;;@mggy@i;;g@e;grand for hi gher qual i ty base oil
is increasing, as it Ieads to ov aI | better giée oi | plant proflt bility.
1

As commefci al derBrEerERRpEigRIN EEFE] PR RS @ﬁ@ﬁ"ﬁ‘ﬁ bapRSIRS @R at i on
cut poi nt C%ﬁﬁ?ﬁ?}%@&%é@@?%rﬁ‘f L AHeWeh r&%@%ﬂfﬁégﬁk %@%ﬁrm
‘ng conditio |ng

enbodi nent e opera ns 1 n t e hydrocrac ne can ai so be
sel ected to fpr mﬁm@wﬂmm;a@fsmwﬁﬁwm men@nawm:wﬁmimmhe t ar get

i eld based on c for neut.r r,e,severe
Kydr ocracki ng rai's® nms‘?{‘? ﬁ’é”?v\’ff’@eéf W&a d‘?%é}&g%ggéﬁ%‘ HRRRE e
cracki ng mr@h@mwmmw &t ﬁi&iﬁﬁ%@%)@;ﬁ?&éﬁﬁglc@@ms&@ d@&@ﬁa@@* ki ng

hydrocar bons (sonme of wi |l be subsequentl éFdl stilled out of the

ori gi naltf baﬁﬁﬁﬁﬁmﬁﬁa@mﬁ §?WW®=§ Vﬁﬁﬁﬁt@m}*@ i Ghe ppadiicationgn ﬁﬁﬁ“ﬁ%rty of

a Base O | ® 501 | that
conpri ses s\éﬁg%%ﬁ‘}g@ | rs%ﬂ%g%% %%ggggég{%g%%}s%@g %%k ‘Chart S

prepar ed hawurthsafire sl poiget @ét&ﬁ%&iz:shsﬁ@iﬂ ast inviusbendtihe engpopés sydunder
| ow tenperature and a first of the first base stock, The chart
S0 han o e GHPRRIIANY RamtTeae s AR A S oHBERE TBTGR SHTVA IHT | ow
tenperature gifandg an upper limit are disclosed, any numbsr falling within the rangs is
15 aleo specifically disslossd.
the i}?{imaw mesning used i‘}}f a parson aiglled in the art gl the time the
application is filed. The singular forms “3," "an,” and "the,” include plurad
refersnces unless expressly and unequivosally limited o ong inslance.
20 Afl of the publications, patents and palent applications oited in this
appiication are herain hoorporated by raferance in thadr entirety o the same
gxtent as if the disclosure of sach individual publivation, paterd application o
patent was spenifically and individually indicated o be incorporated by
reference in g entirely.
25 This written description uses sxamples (o discloss the invention,
including the bast mode, and slso 1o snable any person skilled inthe antio
maks and use the invention. Many modifications of the examplary
ambodiments of the invention disclosed abovs will readily osour to those
skifled In the st Accordingly, the Invention is v be sonstrued as including a
30 structure and methods that fall within the acops of the appended olaims,
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a second volatility of the second base stock. The first base stock and the
second base stock are blended in varying proportions to construct a curve
bet ween twWe 2biwesp29p0i nt and t he second point on the chaPCI/USh@90ussve

predi cts whether a base oil that is a blend of the first base stock and the
second base stock will neet base oilgxegutirements for a finished |ubricant.
If the curve falls below a point représenting the base oil requirenents for
the fini shed*@Miednts, then the base oil blend of the first base stock and
t he second base stock are capable of making the finished lubricant. If the
curve falls above the point representing the base oil requirenents for the
finished | ulidropiet of errdihBeotral €6 1 00PRPecof redadisidivahank Jissvagcer t ai ned by

a directjon and a distance on. ul d,.need 1 i ft the curve. In this

di scl os u’!?e fﬁ&‘%@?gﬁ“ m@%@ﬂ@’%vgﬁﬁﬁ%é g@ﬁig}ﬁ%‘%ﬁ SiFpRE MBRe BVt i s
drawn. For thiksdesstivnt | yWith the
y-axi s havi E@L&?gﬁ@%ﬁfﬂgf@i lbig'% yk}:g%rr€§ Sﬁ’q%?“é}wéﬁggﬁf %?esﬁ %g{%@%;smdgggﬁ@vh@%g h the

x-axi s havi A§PFheT e disshelion eulpripervgrschgrodthetely miticw 878°Ri giwas one

noves away fgom.th Ll.gin. .| N - hg dr ~with the
Ve s havi AYCHE PR by iRy Sl DFRE el AR T om 1 he
origin of thesghéies ohndy dirlhetththyhSeoMERINCHREODRE ke §%emm BbEhy e | ow as
one m)v$$ a\%%éifr‘omthe origin, then the position of the curve being
"above' *¥n &2 heans that the curve is on the upper val ue side for the
volatility and the visconetric property,digther than visually on the upper
side in the chart. If the chart is draWwn With the y-axis having the
volatility fromhigh to | ow as one noves away fromthe origin of the chart

and w t h t heqvi-sgofretri-e-property-keam-pi-gh-t-o-lanas-eore-meyesanway—):m t he
origin of t FEOR®Y ¢ then the posiétﬁﬁ}&vo%‘%?%e é&;{?\}%@gé%%& | bYW HaFer act
ieans that ithe curve is on the lower watue side forpfhe volatil ity and the
vi sconetri ¢._praperty rather than visually. on the lower. sidé.in.the chart.
Viscosity index 112 118 108
SimDist (Wi, °F '
Q.5 BEE 881 §18
5 713 11 672
18 Fé7 T3 841
&0 745 ‘ 7851 74
3¢ 780 » 768 738
40 T3 7RO T4R
50 785 783 | 784
8¢ 797 B0¥ ‘ 778
70 810 842 7us
80 835 840 813
20 844 804 838
8& 858 88& 887
R 87 945 804
Kinematis Vis @100°0, 4,391 4 540 4.041
mms
Nesck Volatiity, wiSh 182 148 233
CCS VIS at -25°C 1387 1 1414 1233




In one enbodi nent the finished lubricant is an engine oil. In sone

enbodi nents the finished [ubricant is a nultigrade engine oil, such as

5W XX, 10WMOXK10/0392935W XX, where XX is sel ected from thePgraispoooomsirsti ng of
20, 30, 40. 50, and 60. In one enbodinent the first and second visconetric

properties {gnggsny OW tenperat ure areriiSaile Al ARGy HdvaANOtBeRk fIdi0di ment
the first yolatility and the second volatility are Noack volatility. Ilin one
enbodi ment {the curve falls above] the pgé¥ nt represen@igng t heé bas&oi |
requir enent*s““fﬁgﬁ f i d

CRes 1’%&%}' Ta'g‘“‘f“tlfbl reant s and-g-trrmastock-irsn ettg
shift the gurve %e?%iﬁ tNE pornt.i The félr?i&m stock is gﬁbase oi | that has
propertiesithat PBeunBokheturve i n thejgorrect diregili on. kor exaple, the

tri m st ock fmayhe.a-Goup.tl,..a. Goup.lll .or Geoup-J\M.base.oil. .. .as.liong
as it has desi (XRFPOBEE BPEE that bri g% he chrve RA-the correct diredtion.

General |y, {tessafitd P stock™its RS jedthe-clkosersthercurygsis—ta the
poi nt representi#r?éggt%%i%éé%dé oi | requ?‘r‘errents f or PW ni shed q(‘g%$‘?cart I n
one enbodi medack Welatiity s LLMRAMSST ock, 11rike secpbnd bages stock, amdgghe tirim
stock are all Goup Il. There can be advantages to using akl Goup Il ifor
reduci ng formul ation #osts and flor si nplifying engine oil gqualificatians,
the purposes of thisscspeghficatiion and appended clai ns, unkess “otherw se
i ndi cat ed, {all._nurbers.expressing. quantities,ipercentages. or _proportigns,
and ot her nunerical values used in the specification and clains, are to be

under st ood as bei di f in.aldl Jns ces by the term..apout."”
Furthernore, all ﬂ%ﬁ%@?‘@h §§§h§sn§8ﬁ” &?‘%gr’%ﬁ ﬁg(gtf@ ?ﬁ%@u@%?ﬁég%g@g@%‘fﬁpoi nts and
are i ndepen@l@ﬁd@éz@ﬁ@k@_@@%b%@%aﬁé@w@i head ot BRGRMES Nnduliger i mt
and an upper limt are disclosed, any nunber falling within the range is

al so speci f f@utng af Ge ek volality gpmingpbibeiash Bt lovedEi phiRe el

defined ks wadersbaodi 0 NS «idation stability, and reducing of the aromatics.
Ancther benefit was that the QOB VIS a1 -35°C was still mainiained well
below 1500 mPas. FPrior o this invention, § had been sxpecied that the

removal of the lower bolling fraction would increase the COS VIR a1 125 C o

wall above 1700 mPas.
W
Example &

{thers have manufactursd bass ods having 2 BUS viscosity at 100°F

of approximately 110, otherwise known a8 110N bass oils. One sxample i
CanseoRhiflips 110N Another exampls s 3 "THONT blended with Fischer
Tropseh dertesd base ofl, Chevron $20R, and BErgon Hygoeld 100, This
example & fully descoribed in US Patent Application No. 12/047 887, filed

s
(%]

March 13, 2008, Kinematic yiscosity in ramis at 100°F can be converted to
SUS viscosity at 100°F acconding to the arithimetic and the reference table
provided in ASTM D 218108,

20
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the ordinary neaning used by a person skilled in the art at the tine the
application is filed. The singular forns "a," "an," and "the," include

pl ural reVerernoss29%nl ess expressly and unequi vocal |y | i rCTA$2009/0063¢3
instance. Al of the publications, patents and patent applications cited in
this application Y%%wﬁ?éﬁ!@%_ ANESEPRIG LSS M HShAELRAS st shbQhinentirety to
the sane extent as if the disclosure of each individual publication, patent
appl i cati on iéRigHt ent was specifically and individually indicated to be
incorporated by reference in its entirety. This witten description uses
exanples to disclose the invention, including the best nbode, and also to
enabl e any person skilled in the art to hglde ithnd use the invention. Mny
nodi ficagions of the exenplary enbodi mnents of the invention disclosed above
will readlily occur to those skilled in the art. Accordingly, the invention
is to be const g, NG i g ar T ST ge FoNwCATe RO _gtm W t hin
the scope of tihe ap%?ﬁggghgl ains. . EXAI\*PE’QE%ME%% e&mi: Sanpl es ?g Chevron
Neutral O 100R were received fromthe Che¥#dH R chireh L8Pt s O |

Pl ant. Chevr on-118RkY:base~oi s‘»wevﬁp&dewby»g, acttm-gh-st--H-ipg-of-f< a | ower
boi ling fractiion froMEHETon Neutral O PP100R. [The di &%%11ation cut

poi nts were appr OxiEhehyvebE T@"8/C0OR.” The savgrage propeglass of the
Chevron Neutral QG| 100R base oil, and the properties of two diffefent
Chevron 110RLV base oil ™Y & shown beliow, in Table I} Table | The renoval of

the | ow boi |i ng—fractionrolsthegrevran1t00Rgave—tnprover, ﬁf}gg““““1‘”‘1’l"“’i nunmber
of different desi rg@l‘aﬁ'ggﬁggfg%y* cﬁ)erti es, | ggfﬁdl ng | owerl'i g of the Noack
volatility, ralsing{als s sklastt poi nti, | owes(dg of the pagsgpol nt
i ncreasi ng of ithe_oxidati.on.stabhilityv. i .and.reducing.-of.-the.aronetics.

7

1%

Flagh Foint, COC, °C 7 168 ~ .
Pour Point, °C | A2 23

Volth Distiled at 700°F | 14 (Max) B
Noack Volatiiity  COS VIS at 1.76 3.22

~25°C X 100

Exampls 3
Hlends of 100W-30 multigrads sngine olf wers made with bends of
different base stocks. They were blended o alt have approximately the sams
10 Rinematio viscosity at 100°C, An additive package was selected that was
designed to formulate enging oils mesting both AR G0 and ACEA £ heavy
duty engine of specifications.
The composition of these sngine off blends, and thelr properties, are
described in Table . The X in the table indicats what base siocks were
18 included in sach of the bends.

Table i
Base Stocks, wi% Ref. | Blend | Rlend | Blend
i 2 3
Chavron SR } T




Anot her

benefit was that the CCS VIS at
bel ow 1500 nPa. s.

Prior to this i

nventi on,

-25C was still

mai nt ai

ned wel |

It had been expected that the

renoval oWotzhw/d3exeer boiling fraction would increase t heCTCTS208b84@0U3 - 25C t o
wel | above 1700 nPa.s. Exanple 2: O hers have manufactured base oils having
a SUS vi scosf BysatBid@0kRl _appr gxi et €1y [1@efOtlNBlaMc € B BsnglDN base
oils. One exanple is ConocoPhilliips 110N. Anot her; exanpie is g "110N
bl ended wi th Fischer- Tropsch derived basejoil, Chevtoni 228R, {and® Ergon
Hygol d 100. (Thirs: s—fut-ty-descri-teg-rn-u§-Papent—Agphiicati-om No.
12/ 047, 887, f%ji)%\g%bh %Fal\é 2008.1 Ki nenati ¢ vi scas tc‘%/ I h /s at” 1000F can
be converted mmﬁﬂﬁmmom ty at {1000F accordigng to;(he arkthmet i3z and the
ref erence t abl.e nrn\ll ded..in..ASTMID.2161-05:iThe nrnnprfl os..of..fihese. .t
conpari son basBeWPPEOE shown in Table 11 T&bl d IIXExarrpI e 3: tndsi of
10W 30 mul ti g e o twere made-witt fr-bhendsofd ent—base
st ocks. They%\/\gérg%sglyg%ded to all thave appr oxi mat el y the sarr{e} Kinematjc
vi scosity ati aa&&*&m@aﬂsaseve package wasisel ectied that was desiggned to
fornmul ate en:a$ne oi I s neeting botth API CJ-4 and ACEA E9{ heavy iduty engi ne
oi | specific s, The conposi tijon of these engiine oil {bl ends, and their
properties, : 5 I TaplE ™ T T T ThE XS TN the Tabie Tindigcate what
base stocks were Inclu in_each of the blends. iTabl eThe evron 110RLV
gave a technical advantage, in tkat much | ower quantities of the norge
i hi.abhlac.nreaecoccad.--ChovieanBR.-O
eXpensive and‘“’mp%{fsé’s T T U Rpee. | Measuraments
Visoosity Index 135 | €0 | 4D | 139
Kinematic Vis @100°C, 11.8-724 | 120 | 120 | 120 | 12D
mmis
AP Gravity Fighvnioall | 314 GHRY 31.4 31.1
Noack Volatility, wi% CI3Max | 1328 1 1288 | 1280 L 122
S8 VIR at - 2570 FROG-FORG | 0483 | 8804 | 8705 | 8803
Poutr Polit, °C 2FMax) | <34 <38 <385 <38
HTHE, mPas J.4i0Min) 3.8 3.8 38 38
MRV @-30°C, mPas 83{3{13{7 Max) | 18887 | 18074 | 20781 | 18334
' Yield Stress | Pass | Pass | Pass | Pase | Pass
Scanning Brookfisld @ ' . ' -
JREST | 33381 | I217E | 2080B
-30°C, mPas
Gelation Index | 12iMag 5.4 8.1 §.8 88

The Chevron TTORLY gave a {echnical advaniage, in that much lower

guantities of the more spensive and highly processed Chevron SR or

o

Chevron TR wers needed o Mend sxcaillent 10W-30 enging olls mesting both

BG4 and ACEA B8 heavy duty enging off specifications. Blend 1 had no
Group H base ot or CGroup IV base ofl. Blend 2 had less than 10 with Groug

i or Group IV base off. Blend 3 had less than 20 wit% Group B or Group IV

T



Chevron 7R were needed to bl end excellent 10W30 engine oils neeting both
APl CJ-4 and ACEA E9 heavy duty engine oil specifications. Blend 1 had no
G oup |l Iwbasw/spiosor Group |V base oil. Blend 2 had | ep€TIUS200908687% % G oup
1l or Goup IV base oil. Blend 3 had less than 20 wt% G oup Il or G oup

| Vbase oil . pBkends Slends 1ahdudi aldl coondindted Mghikirghbfinpaiabbiehtonal
unconventi o base oil. Exarrpl e 4: The chart shown in FIGURE 1 was

pr epar ed byg§§§ tlng different pairs (having a first base stock and a
second base stock) of petrol eum derived Chevron base stocks, neasuring the
CCS VIS at -25C and the Noack volatility of each base stock and plotting

t he poi nts Exaftigls#: point and a second point) on a x-y chart. Blends of the
paired evron b wer e n roportions. and the CCS VIS
at -25C*nd the %%gééi %ﬁ?T?F}§£§$§§égW38 Wgﬁﬁ e q%?%ﬁﬁ%§§ﬁred and
used to con&rrggﬁa@ngwg iRRngetl BadtdhesddrisiamngosecandiRabms. The chart
shown in Fi al so includes points where current commercial nultigrade

engi ne oi | sdgdyed ﬁ-@%‘ff&f* pase slosiy @ﬁ%ﬁfi%@@dﬁ@%w wofaad by, They
tended t |1
triangl oo onCRRS B S ERS Bk MBRE BB TIOGE BBnfs [EbisP Pl REn ™,
circling t heesami bsmﬁﬁum By mﬁ&ﬂhé&i&aﬁ&m‘ thad piined é}hs&ﬁm“aimm&lm%%ml ne

il / ircli h d f th
chart af8 18wdbamGNRg RsPraoRs Sithe BESHTS oat L aht Hetfefnent s Tor a
10W engi ne %iaisw@rs;ﬁ @%&%ﬁ dJrans %&sﬁs%e%@a@érﬁé?&@ z@é&:ﬁzﬁﬁ&xs@:‘%‘i’m@ﬁw

volatility of 14°'w% The chart |n was referred to, and It was
found that taABeUnNgEhBSt Wt SRV iﬁ_moRLV base oil and Chevron 220R base

oi | fel I _bel ow andclaseto, | Ne-Rqyak { RTINS ot REWREREcbnt

requi rements for engi ne o
commerciat mulligrade enging olls ware testad for COS VIS ot -257°C and

15 Nogok volaliity, They tended o cluster into areas on the chart. The gres
oircling the small frigngles on the lefl side of the chart are BWXX angine oils,

the gres circling the small squares in the santer of the chart are 10W-XX
angine oils, and the srea cirling the small circles on'the right side of the chast
ara 1HWXX engins alls,

&u in this example, base oil raquirements for 3 TOW engine ol wers st
having 8 CUS VIS at -28°C of 2800 and a Noack volatility of 14w, The
chart in FIGURE 1 was referred o, and | was found that the curve babtween
Chevron THORLY base ol and Cheveon 2230R base ol foll balow and dloss to
the point represanting the base off requiremernts for the 1T0W engine ¢ll. This

25 gave a2 good pradiction that the 10W enging ol reguiremants could be mst
with & blend of only thess two base pils, and not reguiring any trin stock.

i it was desired that the engine off have mostly Chevron 100R and
Chevron 220N base olf, then an gmount of rim stoek would need o be used
to mest the same base off reguirements. Based on the chat one would

30 predict that blending in of Chavron 7R irlm stock would ba a good choice fo
bring down the Noack volatility of the base off blend o within the desired
range. Basad on the chart one would also predio! that blerding inof

1



gave a good prediction that the 10Wengine oil requirenents could be net
with a blend of only these two base oils, and not requiring any trim stock.
If it waswoesiwmsgsshat the engine oil have nostly Chevr @0TABRRIANGS7Chevr on
220R base oil, then an amount of trim stock would need to be used to neet

the sane basmeidn SRAUCSNEaS IR Bas etbcvdhiig behagba®BoMeLb Gripheltivet  t hat
bl endi ng in_of gé on 7R grﬁstock woul d be a good choice to bring down
the Noack v&iafF {5§¥ ~Fhe Hdbe e WI@%@F%W%&@ q9§deddansad range.
Based on the chart one would al so predict that blending in of Chevron 5R or
Chevron 4R trimstock would be a good choice to bring down the CCS VIS at
-25C of thetlaseiwfl blend to within the desired range. Exanple 5: A target
point with a CCS VIS at -25C and Noack volatility of 3342 and 11.73 was

sel ecte This target point defines properties that will nmeet a 10W XX

grade engine oi | Aspegdtieatdiens s s/iBanges Pehatwak Whagedsonse bl end
chart. Three different base stocks were selected that have CCS VIS at -25C

and Noack v8rdtilid wes sfeded edbisroamstumig e propriendhet villowalst at - 25
C and Noack sMah atd kil ; adan, t t
Genmonst rat edtrh X oSV 51 BuBGRLeah, Fhisdiiet ol EB BB | 5
c:ﬁ:s VIS at S&@@ mtt‘ﬁm@@ﬁ‘m@rgb&&ﬁ |s'sag&<megammm f;ma HavedeCBads fﬂ I's.

The cur S S ce, | | . e curv Il oin WwWas
positio ‘%N{QQW &?&pgﬁ%ﬁf?@%%% ﬁ*%ttfé%mt%ﬁgﬁt?‘:t‘ e@%ﬁgl"‘ﬁ’%g&ég@g Ts can be
used to mk?ﬁ%%@%@@é&ék@3&@%@9%&@%@%@%%@&%& trhe G68dYherak - 25C and

Noack volatility of the target point. Figure 2 Illustrates a blend chart

having a fi demasstatertiet FIRAIRBE. COSWESF & Raws SeRvosh Ha peinis S#itengvr on
e 11y MBSO, b, AREARNBRLELQURI R LY 105 FERe MR R0 Dot
CCS VI S andTheasiwolialiidd & gpade inside the curves, whers the targe! point was
1§ positionsd. This blend char demonsirates that these three bass cils can be
used o maks 3 base off blend having spproximately the GOB VI8 a1 -28°C
and Nosck volatility of the targst point.
Figure 2 Hlustrales 8 blend chart having a first point defined by CU8
VIS and Nosck volatiiity of Cheveon 100R. The blend chart has & ssgond
20 point defined by the COS VIS and Noack volalility of Chevron TR, The bend
chart has 8 third point defined by the COB VIS and Noack volalility of
Chevron 2201, Curves are drawn belwean the thres points to form a temary
blending spacs. & targs! point of 8 QOB VIS of 3380 and a Noack volatility of
11.75 is placed on the chart. This target point i characteristic of & typiosd
25 10W-KX finished lubrivant product base off blend. The larget point i
positionsd within the ternary blending space definad by the three cwves
drawn batwaen the three diferent points. Tha bland chart instructs a user as
to how much of sach of the three bass oils may be blended o meet the targst
point properties.
30 The series of ines constructed bebween the thres sdges of the temary
blending space rapresent three degress of distance away from sach base ol
componant. For instance, going away from 1Q0R towards the TRGZ0R blend

230 -



Chevron 220R Curves are drawn between the three points to forma ternary
bl endi ng space. A target point of a CCS VIS of 3350 and a Noack volatility
of 11.75 we2pleasedson the chart. This target point is clrarast@viosssre of a
typical 10W XX finished |ubricant product base oil blend. The target point
|'s_positionegdru bhids: Wiechesieyhbendboaimpane viaf iraedrdypddife Thuge curves

drawn between the three different points. | end chart instructs a user

as to how niith, ofrcedEl teftlindshatness w&&z@?%%’tﬂ%‘@’ﬁ R0 AU ESeet t he
Larget. pol Nt properd g5y The SPELER 1d LORSAREISKIHELERDBLIPRY. he three

edges of the ter na cereprese di st ance
away from eaghnb@se :Oldinaimpanenis, rioiell Nbtalistency dongthenweympoomil00R

t owar ds the 7R/ 220R bl endcur ve, user wll e cou ter t al ong the

way t hat5 ar 805 & BITIPBIEUSHIHS SHauaBiht F%‘@?g ﬁ%‘g Qﬁéﬁ&?w%@@ R and

100R/ 7R bl e t tar et
?z%negt A apérga tté;%ﬁf?ﬂ% thégﬁ’ﬁ‘yggés@%@e@ thﬁﬁsﬁ@%@ﬂ&ﬂg sgﬁa@é g

point is de narrel di'st ance from t
conponent p@’k}m&mmp@ por pending of R hithe mﬁ@wgﬁmm@tﬁa%éﬁ%%“mww Ji ded by

bl ndi ng- opgedh BEbER S 81 Phaf BBt bR shE Tact e e EadRufir R "o
100K/ 220K/ 7@1;\&%&%@@@;@@@: !ik?ﬂé WeeRwWaBHRe deSPEhaseseqrthesdibst S0that a
per pendi cul ar Iine t roug the target lies in betweenthetldﬁ;}d;‘tél gthat

are conpds edﬁiﬁﬁﬁtﬁ@%ﬁ(ﬁ% Birihea R O FUPTRBF PERSYR I RoNa Ry, rocess
isd f t
1005 Ve O ARRDTe et B S B SRSl i AR, O e o

conprising: a. selecting a first base stock and a second base stock b.
preparing a chart having: i. a first point with a first visconetric
property under |ow tenperature and a first volatility of the first base
st ock;
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ii. a second point with a second visconetric property under |ow tenperature
and a second volatility of the second base stock; c. blending the first
base st ockoant/whm®ssecond base stock in varying proport PORAISC@90®6333 r uct a
curve between the first point and the second point on the chart; wherein
the curve pngdief gmwhether a base oil that is a blend of the first base
stock and tHe~SeCoNd base stock will neet base oil requirenents for a

fini shed | ubk.i &anelhod for pradictingus peogamy of Hbbsevoll, pBTRESINGPr esenting the

base oil requirenents. o - I Nk shet [ J t he base oil bl end
of the first bﬁsga%éﬁ%‘%%‘g iﬁ%??lﬁ%égé%&én%éoggg“égéc}é%&%?g&&pabI e of making the
finished |ubri garggmgﬁgg@mWw@ falls above the point representing the
base oil requirenents for the finjshed |ubricant, the‘gﬁt he correct type of

a trimsPBock is dscBiFHHEE Wi & HF EREGBRERICBRYY SNERCEYORERREIM® need to
shift the curve. 2., ¢ a9l ~6 ksl ign the finished |ubricant
Is a nmultigrade engia;rgg%og?}lg{.%ﬁ%%é}@% ﬁaé%b%%@%fﬁkm 2, wherein the

mul ti grade engi nei oilssicsnd PRI DR adopnd viBOUWKigpagertyamdst kBW XX gr ade,

e g o o WSRO RE 4B F e b i Ehare e B i oo
oi | specificat konieekiagted tfd @b Reogr SUP RS slindFash st06kMh Fwirgr a
conbi nation thereof. 5. The nethod of claim1, wherein the first ,
vi scomet'fi ¢ pr opditepolinas i KR errerat g REtanen e Dot soRY apridbe ferepd
property under | Quutemperalile Mbath Heulepradicts whether s base oil that is
a blend of the first base stock and the seoond base stock will mest
base off reguiramands for a finished lubricant
g, i the curve Talls below o point representing the base off requirsments
15 for the finished lubricant, then the base off blend of the first bass stock
angd the second basy siock arg cagabls of making the finishad
fubricant;
g, if the curve falis shove the poind representing the base of reguiremants
for the finished brisant, then the comedct tvpe of 2 Irim stock is
20 ascertaingd by a direclion and 2 distance one would need to shilt the

SUE,

The method of claim 1, wharein the finishsd ubricant & 8 mulligrade

anging off,

3. The method of claim 2, whersin the mulligrade sngine ol is a BW-XX

25 grade, 8 10W-XX grade, or g 1BWXX grade, wherein XX is selscled from
the group consisting of 20, 30, 44, 50, and 80

4. The method of olaim 2, wherein the multigrade angine ol maels an engine
off specifivation selected from the group of AR CJ-4, ATEAES, ora
cormbination thereof.

30 B The method of clalm 1, wherein the first viscomelric property under low
tfempearature and the second viscomelrie property under low femperaturs
are a COS VIS,

8. The method of claim 8, wherain the OC8 VI8 is msasured at -25°C.
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6. The nethod of claim5, wherein the CCS VIS is neasured at -25C. 7. The
met hod of claim 1, wherein the first volatility and the second volatility
are Noackwoabawda3pissy. 8. The nmethod of claiml, wherei nPChaSRémsI6SDRSE
stock and the second base stock are petrol eum derived. 9. The method of

claiml, m%\.e*{ﬁ%%gé&ﬁ [FeiBRSE &&&%Kx i{@“@%@%i‘&%ﬁﬁﬁ?%ﬂ&@@é%@éé&@5{::?%&% a Goup

Il or a Goup |

The nethod of claiml1l, wherein the trimstock is a

Goup |1, a G aupNpack velalilifg oup | V. 11. The nethod of claim 1, wherein the

first base
12. A bl end

i g ey

vi sconbtric preogekiys gatoldn detiviipl atility of a first base stock: b. a
second pgQint_defined b econd visconetric property and a second second
By " he Seelhatishsd SRk Bed

vol atili

and the secondgpei e N8k

vol atility

base stock;

& i porhergin ediupl eyl VBB FeERRE PEE8L poi nt
F GteSe@ntihi rd visconetric property and a third
of one or m)re[%{%%% %@F@g‘fi rst base stock and the second

BEhihd mathedar chamel tvavgyein Harjossiont kos iGrgupldsirBbhualliues of a

fourth vi scorre%tgﬂ%gﬁr&perty and a fourth volatility that are required to

meet a specifi

or a finished lubricant; wherein the position of the

curve rel atiMeThe ridtRoORE cRimDRehdralonk eNees prerl eksovhialekea bl end of
the first base stock and the second base stock will neet the specification

for the'®ini she@ckudid Buntrim sickrus g eftithart of claim 12, additionally

conpri sing

vi sconetric property an

18

0

30

Oi%e&%@ﬁ@&ﬁgigd@&ﬁ%ﬁ%ﬁ%‘ poi nts defined by an additional
"an addi tional
& 3 first point defined by a first viscometric property and 3 first volatility of
a first bass stogk:
5. @ seconyd point defined by g second viscomstrio praperty and @ second
second volatiity of 3 second base stock;

a surve drawn behveer the first poird and the sscond point that

e

progicts & third viscometris propenty and & thind vodatilty of one or more
blends of the first base stock and the second base stock; and

g, one or mors srgst ranges enclosing desirad values of 8 fowth
viscomettic propenty and & fourth volatifity thet are required to meet a
speoification for g finishad kibricant; wherein the posiion of the curve
rafative o tha one or more {arget ranges pradicts whether a blend of
the first hase stock and the ssoond base stook will mest the
specification for the fnighed lubricant.

13. The blend chart of claim 12, sdditionally comprising ons o more additional
points dafingd by an additional viscomatric propsriy and an additional
yolatiity of one or more other base stocks; and a position of one or mwe
of the additiongl poinds instructs 2 user of the chart how mugh of the ong
o raora othar baze stocks may be blended with the blend of the first base
stook and the second base stock o mest the spacification for the finished
fubricant,

14, The bland chart of olalm 12, wherein the first, second, third, and fourth
wiscomeatri properties ars CUE VIS
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volatility of one or nore other base stocks; and a position of one or nore
of the additional points instructs a user of the chart how nuch of the one
or nore ovbenissmsst ocks may be bl ended with the bl endpofr/ush@ofuesss base
stock and the second base stock to neet the specification for the finished
| ubricant. X4 The thlenehabar fiabh 16| aerda &%‘s%@é’i%&dﬁetﬁﬁd %atn&:i {288RNd,

third, and fourth visconetric properties are S. The bl'end chart of
claim 12, wher &piatites srphieackeaddiily. third, and fourt h volatilities are

MoK oL e, RN Dhner GBEh o0l Rk o B BRI RPBR one o

mor e tar get 'ir?a’ﬁgess m&mg}ﬂﬁam ¢, whbugs gm oBESr WnSedndidloasdeyol atility
for one

r nore i,grad edf m.t.he group of 5W XX
ar ade, - 10w xx 7S 998G SR 6L U S ot MR o HSRN HE g e br ore
multigrade sngine m 5 selertad from tﬁa grovp of SWXX grade, 1T0W-XX
grade, 15W.XX grade, and combinations thersot,
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