METHOD AND SYSTEM FOR SCREENI NG LUBRI CATI NG O L
COVPCSI TI ONS BACKGROUND OF THE | NVENEI ON 1. Technica
Field [0001] The present invention relates generally
to a nethod and systemfor screening |ubricating oi

. conmpositions. 2. Description of the Related Art [0002]
Formul ati on devel opnent of |ubricating oi
conmpositions can be difficult and time consum ng due
to the conplexity of the fornulation m xtures as wel |
as the often conpeting performance properties of the
| ubricating oil additives used in the conpositions.
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obi | e I ndustry Associ ati on,
requi renents need to be
satisfied. As such, many different tests need to be
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lubAeding S GndbiifiGlsent test apparatuses, are
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q plied to the hundreds of sanples
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candi date conposition require manual operation. This,
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Standards defined by the Japanese and United States Automobile Industry Association,
multiple competing test requirements need to be satisfied. As such, many different tests need
to be carried out. Conventionally, these tests are carried out using different test apparatuses,
are time-consuming, and are relatively expensive, particularly when applied to the hundreds
of samples which may be required to be analyzed.

[0003] Presently, research in the lubricant industry involvgs individually forming
candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate composition require manual
operation. This, in turn, significantly reduces the number of compositions that can be tested

and identified as leading lubricating oil compositions. Accordingly, existing approaches rely




and identified as |eading |ubricating oi

conposi tions. Accordingly, existing approaches rely on
the experience and intuition of the fornulator to
provi de recomendati ons for new fornulations. [0004]
It would therefore be desirable to provide a nethod
and systemto rapidly identify |leading |ubricating
oi | conpositions which neet, for exanple, industry
speci fications, custonmer specifications, etc., while
al so predicting the cost involved in making such
conposi tions. Additionally it mould be desirable to

on?l%rerx er ntce gr?dwe {mt]otn Lfl‘?he r%ﬁﬁt@%tor {1 ﬁ)éov’if'ie rsté%qliar&qtl%rﬁofor new
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provide a method and system for sinplifying
idenBfinigading lobricksue bid poraprsitishs Whivhinest, ifergxemple, industry specifications,
conmpositions. [0006] It is a further feature of the
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on which formul ati ons are based by conputerizing the
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formul ati ons. [0007] Accordingly, in one enbodi nent of
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met hod conprising (a) inputting into a conputatlona

deV|ce an amount of each of the at |east one
Sd 0] i.tive, based on the total weight

conposition and, optionally, a
| ue of at |east one property aSSOC|ated wi th each
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for simplifying formulation development of lubricating oil compositions.

[6006] It is a further feature of the present invention to vastly increase the information
on which formulations are based by computerizing the analysis of information required for
such formulations.

[0007] Accordingly, in one embodiment of the present invention a computerized

~ method for screening a lubricating oil composition having at least one base oil of lubricating

viscosity and at least one lubricating oil additive is provided, the method comprising (a)

inputting into a computational device an amount of each of the at least one lubricating oil
additive, based on the total weight of the lubricating oil composition and, optionally, a value
of at least one property associated with each of the at least one base oil of lubricating

viscosity; (b) computing a prediction of at least one lubricating oil composition property-




viscosity; (b) conputing a prediction of at |east one
| ubricating oil conposition property 2 determ ning
test result for the lubricating oil conposition; (c)
conputing a cost for the lubricating oil conposition;
and (d) outputting the results. [00081 In accordance
wWith a second enbodi nent of the present invention, a
- conmputer systemfor screening a lubricating oi
conposition having at | east one base oil of
| ubricating viscosity and at |east one |ubricating
oil additive is provided, the system conprising (a)
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| east one |ubricating oil additive is provided, the
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program device readable by a machine, tangibly embodying a program of instructions

executable by the machine to perform method steps for screening a lubricating ol

- composition having at least one base oil of lubricating viscosity and at least one lubricating oil

additive is provided, the method steps comprising (a) inputting into a computational device an .
amount of each of the at least one lubricating oil additive, based on the total weight of the

lubricating oil composition and, optionally, a value of at least one property associated with

each of the at least one base oil of lubricating viscosity; (b) computing a prediction of at least

one lubricating oil composition property-determining test result for the lubricating oil

composition; and (c) computing a cost for the lubricating oil compaosition.



one |lubricating oil conposition property-determ ning
test result for the lubricating oil conposition; and
(c) computing a cost for the |ubricating oi
conposition. 3 BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 0010] Various enbodi nents are described bel ow with
reference to the drawings, in which: [0011] Figure 1
is an exenplary worksheet illustrating a hypothetica
| ubricating oil conposition and predicted test
results and a cal cul ated cost; [0012] Figure 2 is a
wor ksheet of an exenplary |inear regression nodel for

BHERHERCRISTIGN BEPASE bri8FinGQr the hypot heti cal
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Figure 1 according to an enbodi nent of the present
whitlventi on; [0013] Figure 3 is a worksheet of an

exenplary linear regression nodel for predicting an
0] dat i drigwradtis greaxgmplapyoorkseehlygtatiag e dapothaiisel lebridating oil

oil conposition set forth in Figure I according to an
comprdetinrand presictadiest prsekeand a qaleehtddenst; [ 0014] Figure 4

is a worksheet of an exenplary |inear regression nodel
[0F18} pr ediigtre Ads a aotkelatet damtexemplatytlinear regildssion model for predicting

hypot heti cal lubricating oil conposition set forth in
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i nvention; [0015] Figure 5§is a gg?ksheet of a% s
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second deposit test ‘result for t ypot heti ca
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according to an enbod ﬁen Re present invention;

[0013] Figure 3 is a worksheet of an exemplary linear regression model for predicting
an oxidation test result for the hypothetical lubricating oil composition set forth in Figure 1
according to an embodiment of the present invention;

{0014] Figure 4 is a worksheet of an exemplary linear regression model for predicting
-a wear test result for the hypothetical lubricating oil composition set forth in Figure 1
according to an embodiment of the present invention;

[0015] Figure 5 is a worksheet of an exemplary linear regression model for predicting
a second deposit test result for the hypothetical lubricating oil composition set forth in Figure
1 according to an embodiment of the present invention;

[0016) Figure 6 is a screen shot of a Microsoft Excel worksheet showing an exemplary
cost calculation model for the lubricating oil additives employed in the hypothetical

- lubricating oil composition of Figure 1; and




[0016] Figure 6 is a screen shot of a Mcrosoft Exce
wor ksheet showi ng an exenplary cost cal cul ati on node
for the lubricating oil additives enployed in the
hypot hetical lubricating oil conposition of Figure 1;
and 4 [0017] Figure 7 is a sinplified block diagram
illustrating an enbodi nent of the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT( S)
[0018] The present invention is directed to a system
and nethod for screening a lubricating oi

conposi tion conprising at |east one base oil of
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cost. Accordingly, the anount of manual effort used
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i ndividual cells wll herei nafter referred to by
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 that can be timely evaluated and characterized to identify leading lubricating oil compositions.

[6019] To illustrate the system and method of the present invention, an exemplary
worksheet 100 is illustrated in Figure 1. As shown in Figure 1, worksheet 100 has cells which
correspond to columns A through B and rows | through 24; the individual cells will be
hereinafier referred to by column and row respectively. For example, a cell located in column
A, row I, will be referred to as cell Al. Worksheet 100 shows a hypothetical lubricating oil
composition containing a lubricating oil additive package 102 having lubricating oil additives
1-12 (located in cells A2-A13, respectively), properties of a representative base oil of
lubricating viscosity 104, e.g., saturate content, sulfur content, kinematic viscosity measured

at 100°C (cSt) (located in cells A15-A17, respectively), lubricating oil composition property-




1-12 (located in cells A2-Al13, respectively),
properties of a representative base oil of

| ubricating viscosity 104, e.g., saturate content,

sul fur content, kinematic viscosity neasured at 100C
(cSt) (located in cells Al15-Al7, respectively),

| ubricating oil conposition property 5 determ ning
tests 106 (located in cells Al19-A22, respectively) and
the net average total cost (NATC) 108 for the
conposition (located in cell A24). [0020] The

| ubricating oil conposition property-determning tests
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B2-13 and cells B15-Bl17, respectively. As one skilled
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anmount of the lubricating oil conposition (outside of

addihecsadtd initheelpbridatin@ pil eddhticopackage d izl andthe nerraspormddgvalues of the
base oils and the |i ke which are present in the

prapenees$i4 asseciatdtigiil thenegrégntapivestis€ bie of luBSéatih € $idbdsiy 104 are set
calculated with reference to, for exanple, Figures
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listed in cells B 19-22 in association with each test
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wor ksheet 100 (Figure 1), and is associated with each
1g[ug*§ a}@ yidde degpeibed herembelow are also listed in cells B19-22 in

association with each test 106. If performed in a worksheet application, predicted test result
110DTI (located in cell A13 of Figure 2) computed from the worksheet for a lubricating oil
composition property-determining test, such as that shown in Figure 2, may be linked to the
respective (cell) positions in column B of worksheet 100 (Figure 1), and is associated with
each respective test 106.

[0021] For example, the individual predicted test result 110DTT shown in Figure 2
corresponds fo the predicted test result for the first deposit test 106DT1 shown in cell B19 of
worksheet 100 (Figure 1). Likewise, the predicted test results for other lubricating oil
composition property-determining tests (e.g., the oxidation test 1060T1, the wear test

106WT]1 and the second deposit test 106DT2) can be linked to the respective tests 106 as
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[0021] For exanple, the individual predicted test
result 110DTI shown in Figure 2 corresponds to the
predicted test result for the first deposit test
106DT1 shown in cell B 19 of worksheet 100 (Figure
1). Likew se, the predicted test results for other

| ubricating oil conposition property-determ ning
tests (e.g., the oxidation test 1060TlI, the wear test
106W and the second deposit test 106DT2) can be
linked to the respective tests 106 as illustrated in
Figure 1. If desired, target values for the
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additive 102 and the at |east one base oil of

resbedbive edditivegomipemanss ang vaBdng values for the properties associated with the at
least one base oil of lubricating viscosity of the composition may be inputted, e.g., manually,
into the respective cells associated with the at least one lubricating oil additive 102 and the at
least one base oil of lubricating viscosity 104.
[0623] Generally, the lubricating oil compositions for use in the method of the present
invention include a major amount of at least one base oil of lubricating viscosity, e.g., an
amount of greater than 50 wt. %, preferably greater than about 70 wt. %, more preferably
from about 80 to about 99 wt. % and most preferably from about 85 to about 90 wt. %, based

on the total weight of the composition, and a minor amount of at least one fubricating oil

additive. The expression “base 0il” as used herein shall be understood to mean a base stock
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[00231 Generally, the lubricating oil conpositions for
use in the nmethod of the present invention include a
maj or anount of at | east one base oil of lubricating
viscosity, e.g., an anount of greater than 50 wt. %
preferably greater than about 70 wt. % nore
preferably from about 80 to about 99 w. % and npst
preferably fromabout 85 to about 90 wt. % based on
the total weight of the conposition, and a m nor
amount of at | east one lubricating oil additive. The
expression "base oil" as used herein shall be
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or | ater-discovered base oil of lubricating viscosity
progedly knawn oF Iitarsliscangred hase pibaf nhigeasing visensiip bediio fygropigting
any and all applications, e.g., engine oils, marine
lutcrgzlaﬂirrgj:ékconmosigpnsd"ndamdtall epidicafiény) ds, sgote (&]s, marine cylinder
hydraulic oils, transm ssion fluids, etc.
oildddil fiinotiarlal fluids heh abagdadiclodlsftaahstisdom 8ol rete additionally, the
optionally contain viscosity index inprovers, e.g.,
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e.g., an ethyl ene-propyl ene copol yner or a styrene-
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epen pon the application. cordingly, the
se, 0
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a kinematic VISCOSItg range at
ordinarily range from about 2 to about 20 0 centistokes (¢St} at 100° Centigrade (C).

Generally, the individual base oils used as engine oils will have a kinematic viscosity range at
100°C of about 2 ¢St to about 30 ¢St, preferably about 3 ¢St to about 16 ¢St, and most
preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on the

desired end use and the additives in the finished oil to give the desired grade of engine oil,

. e.g., alubricating oil composition having an SAE Viscosity Grade of 0W, 0W-20, 0W-30,

0W-40, 0W-50, OW-60, SW, 5W-20, 5W-30, 5W-40, SW-50, 5W-60, 10W, 10W-20, 10W-
30, 10W-40, 10W-50, 15W, 15W-20, 15W-30, 15W-40 20W-50, SAE 30, SAE40 and the
like. Oils used as gear oils can have viscosities ranging from about 2 ¢St to about 2000 ¢St at

100°C.




I OO C of about 2 cSt to about 30 cSt, preferably
about 3 cSt to about 16 cSt, and nost preferably

about 4 ¢St to about 12 cSt and will be selected or

bl ended depending on the desired end use and the

additives in the finished oil to give the desired
‘grade of engine oil, e.g., a lubricating oi

conmposi tion having an SAE Viscosity G ade of OW

ow 20, Ow30, OW40, OM50, OWMG60,5W

5W 20, 5W 30, 5W 40, 5W 50, 5W 60, 10W 10W 20, | OWM 30,

| OW 40, |1 OW50, 15W 15W 20, 15W 30, 15W 40 20W 50, SAE
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Fof b el P 0 sl ! Ry g s e
T grredl Mgl SReafRinttos MerRalfing - oM e
[¢026] The base oil may be derived from natural lubricating oils, synthetic lubricating

oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocracked base stocks produced by hydrocracking
(rather than solvent extracting) the aromatic and polar components of the crude. Suitable base
pils include those in all A?I categories I, I, 1, I'V and V as defined in API Publication 1509,
14th Edition, Addendum I, Dec. 1998. Group [V base oils are polyalphaolefins (PAO).
Group V base oils include all other base oils not included in Group I, IL, III, or IV. Although
Group II, Il and IV base oils are preferred for use in this invention, these preferred base oils
may be prepared by combining one or more of Group I, II, III, IV and V base stocks or base

oils.
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oils or mxtures thereof. Suitable base oil includes
base stocks obtained by isonerization of synthetic
wax and slack wax, as well as hydrocracked base stocks
produced by hydrocracki ng (rather than sol vent
extracting) the aromati c and pol ar conponents of the
crude. Suitable base oils include those in all API
categories 1, 11, 111, IV and V as defined in API
Publ i cation 1509, |4th Edition, Addendum 1, Dec.
1998. Group IV base oils are polyal phaol efins (PAO) .
G oup V base oils include all other base oils not
[0020F] udeddenii Sh@kP ols indibde Airbral AlbribineAilk BRHAR, fofF:0HD e, liquid
11, 111 and |V base oils are preferred for use in this
Pl o R MR BO P L Bl RGP lubies ey T A BRATGS,
. St or_hbase 11s...9 [0027]. ful natural . .
na R R RR heo Phirds o R Ghive BhieeolBr 8. anima oits,
ex l.e,, liquid petroleumoils, solvent-treated or
ve Gt Bilsgethpiricnt PR U O s i i O SOghe Wive
araffinic napht henj c or m xed paraffinic-naphthenic
[028hes,  divel! aurhssisdutiicaingliindideshujaes noa Himiad taphydsocarbon
_vegetable oils (e.g., rapeseed oils, castor oils and
oil§ gndchati-supstitaied hydrecdrpdoeoils[s0028 polysefiatd syintagblymerized olefins,
| ubricating oils include, but are not linmted to,
e.gh pdiybatglehesn polgplopylemed, frapyderstibisbriylane edpdlydes ciidrivated
oi | s such as polynerized and interpol ynerized ol efins,

polgb@ylen@ppoiPUtickentess polpa--ddneHy RN decenes), and the like and mixtures
propyl ene-i sobutyl ene copol yners, chlorinated

theRQIARHABEL 88 S such Qb H&debﬂgéﬁﬁ%)tetraﬁﬁ&ﬂ@mé&@} cﬁlﬁ}ﬁg)rbgg%qnes, di(2-

pol y(]-decenes), and t I ke and m xtures

eth?ihgyﬁl)b%%%g,ﬁazng #gé;l ,Jlégli)c%gﬂlgﬁ%L Bﬁ:ﬂ A3 Bﬁﬁg}ygsz terphenyls, alkylated

et radecy enzenes
polGREY ST e T R DR g P gt TRl SRy P Eapa e
der&gﬁhj% Iﬁlg;ﬁogas%lné %lalgltgl%gﬁ iertréggann%l thee ltikrza.er s and alkyl ated
[0029] Other useful synthetic lubricating oils include, but are not limited to, oils made
by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,

isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are well

known to those skilled in the art.

- [0030] Additional useful synthetic hydrocarbon oils include liquid polymers of alpha

olefins having the propef viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cs to C)» alpha olefins such as, for example, 1-decene
trimer.

[0031] Another class of useful synthetic lubricating oils include, but are not limited to,

alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof where

10
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10,9 ést%lf'sr cﬁ%‘idﬁﬁd

derivative, anal ogs and honol ogs thereof and the Iike.
[00291 Ot her useful synthetic lubricating oils
i nclude, but are not limted to, oils nade by
pol ynerizing olefins of |Iess than 5 carbon atons such

as et hyl ene, propyl ene, butylenes, isobutene,
pent ene, and m xtures thereof. Methods of preparing
such polymer oils are well known to those skilled in

the art. [0030] Additional useful synthetic
hydrocarbon oils include liquid polynmers of al pha
ol efins having the proper viscosity. Especially useful

thesigmbinathy8roRyIdh 0GR MBI bRh b daled bl NBr e O e8RM@Fon or

liquid oligomers of C6 to Cl2 al pha ol efins such as,

- ettfeRficA%AMPh&e ol a%%ﬁaﬁpnﬁeﬁibg% Qi{sgﬁ)ﬁ?p%%ﬁd@gga uotlﬁ{al?rg%ﬁ%{of

useful synthetic lubricatihg ol

et}h'loelng% %)21?3)6/ h@?@?ﬂgl@&?&e}hgég(g&r%ﬁéé@ e Thers (j[f ?he’gg p?iﬁ%xlyea](l)(glene

'nterpo errvativ
polBti e sy P Pestlepf B0 deher ReiTib gt merceular weightof

herification. These oils are exenplified by the oils
1a°§be‘§3}|‘*@€bjl 4 6 BAYPBY 5hrettycrhbavig pmolegylp Weght of RPRrd0), diethyl
propyl ene oxi de, the alkyl and phenyl ethers of these
ethspp Iane by co v ipgermolgalag weighi o bl P0G Y0, gicopy Inene- and
gl ycol ether having an average nol ecul ar wei ght of
pollyc@b@ylidiephis thydreaf shdrasofor paimpdd, thelacete ayteyss olixddalsi-Gygfatay acid
nol ecul ar wei ght of 500-1000, diethyl ether of
estp) orpicoPpbaneiddiyaalof kanabtidese giodegcul ar wei ght  of
1, 000- 1,500, etc.) or nono- and polycarboxylic esters

[0632pr eof BliGhotAS cldsObT BERNMPInthetit NBriesiflsl ffls BRIRE Shut TR limited
C3-C8 fatty acid esters, ‘or the Cl3oxo acid diester

- : - : : | . of .
useful synt é??@:?ﬁ%%%%é?pﬁggg%ﬁEE%w?PEQESﬂ%ﬁfﬁ%?QQ%%s,

alléehﬂ'sﬁc%%ic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic acids,
etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecy! alcohol, 2-

ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.

~ Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-hexyl

fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
phthalate, dieicosyl sebacate, the 2-ethylhexy! diester of linoleic acid dimer, the complex ester
formed by reacting one mole of sebacic acid with two moles of tetracthylene glycol and two

moles of 2-ethylhexanoic acid and the like.

- [0033] Esters useful as synthetic oils also include, but are not limited to, those made

from carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,

11




to, the esters of dicarboxylic acids e.g., phthalic
acid, succinic acid, alkyl succinic acids, alkenyl
succinic acids, maleic acid, azelaic acid, suberic
acid, sebacic acid, fumaric acid, adipic acid,
linoleic acid diner, malonic acids, alkyl malonic
acids, alkenyl malonic acids, etc., with a variety of
al cohols, e.g., butyl alcohol, hexyl alcohol, dodecyl
al cohol , 2- ethyl hexyl al cohol, ethylene glycol,
di et hyl ene gl ycol nonoether, propyl ene glycol, etc.
Speci fic exanpl es of these esters include dibutyl

megitinphedand] (@ eilyld dnexpplyos ehas adidh,as deopantyexlytol, trimethylol
fumarate, dioctyl sebacate, diisooctyl azelate,

répah& QeResl thaidd| B RtacAiigRb1y kripph&raihatd?, andinfany!

p(%%thgﬁate?tdief%%sylggebagagg, ?ﬁt 2- et hyl hexyl

oot e > . . i "
[osdagst er @ficddNQLedit AQ &, fi’)’é %@é%g%%ggt }Iﬁ?éya(? t—,%%%y\?\g«)xy— or

formed by reacting one no
of: r . ye WO les o .

ol B Mok SRS ARG G RRE B sl s 8 grneri
useful .as_synthetic, oi al.sq in¢lude, but are not e
Ry 5P hoSieaal TeoRfuds BUSat po Mreges ey sicae

fnon1ab?uL 5 to about 12 carbon atons with al cohol s,
tetga-igopropyl sitigdiede-(2-SmbarsD stispte, tetrgsg-pethyl-hva g Beaje fetra-(p-
ethers such as neopentyl glycol, trimethylol propane,

terplty pbernpiRilicate | hex d rpanet s riynontoxy isiloxane, poly(methyl)siloxanes,
tripentaerythritol, and the like. 100341 Silicon-based

pobyithsthglpbdnyBsijoxhums, axamgplile, Spidlypadthelusefubgyhthatiy lubricating oils
pol yal koxy- or pol yaryl oxy-sil oxane oils and silicate

inohudeshut agor lidtiedolified eusebiiphdpliassusebnignidgheldsCe. g , tricresyl
lubricating oils. Specific exanples of these include,

ph&¥phatd/ ol phblgafee@ethl este@ bf RRENWRhoSIHidf@d&, etc., polymeric
tetra-isopropyl silicate, tetra-(2-ethyl hexyl)

fa§$y&gﬁﬁ§mahgﬁkqmg4jn¢thyI-hexyl)siIicate, tetra-(p-
tert-butyl phenyl)silicate,

O A AR B BBt pdpeimds
eitl?%%fﬂitugai,ts:y{:\tggt& crsrtgriligitlur%eo% tv% Qreraorlé% ];x%! oﬁgegte P)F tthle (t:ype disclosed
hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source
(e.g., coal, shale, or tar sands bitumen) without further purification or treatment. Examples of
unrefined oils include, but are not limited to, a shale oil obtained directly from retorting
operations, a petroleum oil obtained directly from distillation or an ester oil obtained directly
from an esterification process, each of which is then used without further treatment. Refined
oils are similar to the unrefined oils except they have been further treated in one or more
purification steps to improve one or more properties. These purification techniques are
known to those of skill in the art and include, for example, solvent extractions, secondary

distiilation, acid or base extraction, filtration, percolation, hydrotreating, dewaxing, eic.

12
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i nclude, but are not limted to, liquid esters of
phosphorous containing acids, e.g., tricresyl
phosphate, trioctyl phosphate, diethyl ester of decane
phosphi onic acid, etc., polyneric tetrahydrofurans
and the like. [00351 The |ubricating oil may be
derived fromunrefined, refined and rerefined oils,
either natural, synthetic or m xtures of two or nore
of any of these of the type disclosed hereinabove.
Unrefined oils are those obtained directly froma
natural or synthetic source (e.g., coal, shale, or
Retrefines aliglse bblalne® By tritdtinB@sdd dildlih PREedessirhilfFad ihHee @&d to obtain
treatment. Exanples of unrefined oils include, but

refife@ o9t ShdhFhkBikd Bls af AdANSwWRIaL r&ﬁqrﬁémeﬁbée‘é%l&{ls GR®BRhen are

retorting operations, a petroleumoil obtained
ad&ll'tlﬁﬁaqu\‘oée n?'te%ﬁﬂlé&e@td &ed) 0. r@rﬂo@asf{){gg egtl elddRR%saén?i ql breakdown
direc an e ter| |ca ion
gh is then used w thout further treatnent Ref i ned
0|Fs are simlar to the unrefined oils except they
e be further treat in one or nore, purification
[0 ips t g'ﬂfbﬁ’ﬁ? HpLildnee oc iﬁSFréVeﬂ tpeibe hadr O'Sﬁﬂﬁ%%@tlon ol wax may
purification techniques are  known to those of skil
alsp r'?eﬂlﬁf‘é' aither alape 9rrie cerplinatias, widkhapfosssaid matpesd and/or synthetic base
extractions, secondary distillation, acid or base
stogks: rueh e jsomerate it is @mdumhzdhahycbmsomc,rotamﬂ @atatung ,or synthetic
dewaxi ng, etc. 12 Rerefined oils are obtained by
wakee@atmingrassbaeddioves a ydprieeesiggonsamiysar to those used
to obtain refined oils. Such rerefined oils are al so

[0037TpWn  asNdteral WiEe dreQypiEARRCHSKEhx0 teboRRM 19 th@Ebl e dewaxing
additionally processed by techniques directed to

of F@HERM l1s; Rl nBRRN ax@sshe by Y&ﬁy%@é ﬂro@fc@@gggk\ég’ls(gherﬂ"rogsch

products. [ 0036] Lubrlcat|ng ol | 'base sto erive
prdcb@m the hydroi soneri zation of wax may al so be used,
ei ther alone or in conbination with the aforesaid

{Gd%@} ur al THL q/ or{catsl}/g OIP dtdltIVGPS?ﬁ)r use in the lubricating compositions can be

any presently known or later-discovered additive used in formulating lubricating oil

compositions. The lubricating oil additives for use herein include, but are not limited to,

- antioxidants, anti-wear agents, detergents such as metal detergents, rust inhibitors, dehazing

~agents, demulsifying agents, metal deactivating agents, friction modifiers, pour point

depressants, antifoaming agents, co-solvents, package compatibilisers, corrosion-inhibitors,
ashless dispersants, dyes, extreme pressure agents and the like and mixtures thereof. Greases
will require the addition of appropriate thickeners. A variety of the additives are known and
commercially available. These additives, or their analogous compounds, can be employed for

the preparation of the various lubricating oil compositions herein.
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stocks. Such wax isonerate oil is produced by the
hydr oi soneri zati on of natural or synthetic waxes or
m xtures thereof over a hydroi sonmerization catal yst.
[0037] Natural waxes are typically the slack waxes
recovered by the solvent dewaxing of mneral oils;
synthetic waxes are typically the wax produced by the
Fi scher-Tropsch process. [00381 The | ubricating oi
additive(s) for use in the |ubricating conpositions
can be any presently known or |ater-discovered
additive used in fornmulating |ubricating oi

[0639POSi t AR&ASativERSthe Wi icG@td NDaditlveBFEHN MES chRhinYSBluent oil to
herei n i ncl ude, but are not |imted to, antioxidants,

foRhd adiRBe cBRGM ste. HRIE E%@ﬁtﬁté%nalf}jn <?eaalt #eqyf?orng P 00 wt. %
s1fying

rust 1 nhibitors, dehazing agents, "denu
' [ ents, frictio ifiers,.
o BARA G TF L prERRBLL U B BTRT e PGt P P8 BT o anc
CO-,SO nts, . package cgpnpati hiliser
fmé‘b?‘%“&L IR Phielioe S /QBW?%&Y &P@ﬁ@%&ﬁt%; “off) @lout 30 wt. %, of
extre ressure ents and the |ike and m xtures
thg éé%g@g‘gagﬁ %gesg”ﬁl lp filycatfpitie eonecniennstindyregny inert diluent,
Qppropriate thickeners. A variety of the additives are
prodefebln annd of bbnpaingiviscosjlyaveli dsafok exanTie sdasdl 4sideesibedr
t hei r anal ogous conpounds, can be enployed for the
hepinbplamasad that tbé canoentsagr nayise teadilyi raiaed nith dibricating oils to prepare
conpositions herein. 13 [0039] Alternatively, the

lubrigbitin pol dongpositibnsadialithily Ribsipatmamilk that MEY b&@RH @k Billents can be any
diluent oil to forman additive concentrate. These

oile@Nbebitat@zodigual |y include at |east from about 90
w. % to about 10 wt. % and preferably from about 90

00, 5 0 Pt 0o SR B s B
e 8B by b BB rives
ancﬁ zri]l%/!lélt%g pﬁep Ieing-%lratmilgeis! Hn%gglics such as, for example, BHT, sterically hindered
alkyl phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-
4-(2-octyl-3-propanoic) phenol; sulfur-containing materials, e.g., sulfurized olefins or esters
and the like and mixtures thereof.

[0041] Examples of antiwear agents for use as additives include, but are not limited to,
zinc dialkyldithiophosphates and zinc diaryldithiophosphates, €.g., those described in an
article by Born et al. entitled "Relationship between Chemical Structure and Effectiveness of
Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different Lubricated Mechanisms”,
appearing in Lubrication Science 4-2 January 1992, see for example pages 97-100; aryl

phosphates and phosphites, sulfur-containing esters, phosphosulfur compounds, metal or ash-

free dithiocarbamates, xanthates, alkyl sulfides and the like and mixtures thereof.
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preferably an oil of lubricating viscosity such as,

for exanple, a base oil as described hereinbelow so

that the concentrate nmay be readily mxed with

| ubricating oils to prepare |ubricating oi

conpositions. Suitable lubricating oils that may be

used as diluents can be any oil of lubricating

viscosity. [0040] Exanpl es of antioxidants for use as

additives include, but are not limted to, amnic

types, e.g., diphenylam ne,

henyl - al pha- napt hyl -am ne, N, N-di (al kyl phenyl)

(00 nes: Drnplesiokybeens fiientsaddiivsint nés buthenalinid to,

such as, for exanple, BHT, sterically hindered alkyl
ovghesed bsnaitrehdets gt Gsudh at sitfordeitigtéplrenelg., those made from alkyl

2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl -
bedzeq@aricfupimgIuunpidi phEnaplRehigh ov&tdskélbr ©avaibasday high

materials, e.g., sulfurized olefins or esters and the
ovbibiRd PRéhat¥lsidatbi@SpHeNSRRE fsalidy R4 Ln iRl € $hidph AN dnWE&Tionic

agents for use as additives include, but are no

g e et i . _

surlfécrtﬂnisleﬂd tt}%; lbkgﬁa!gg : iRl kﬁégegg ]!Jéth ﬁm&ggcﬂn%ﬁaj %.glg)nfz[tlﬁyé/ﬁlca“y have

diaryldit ates, ose descri
[ al .. entitled »Rel.ationship bet
GRS RN PEN S B LRy Py S8R5 Byl g about
. al kyl - and Diaryl -dithjophosphates. in Different .
25 B b beft st ns and ngRaRSt g PRAtSsI5FS el Kespym in the art
Science 4-2 Janyary 1992, see for exanple pages o
(00431 100: anayqples ﬁﬁ%éﬁbqbggrs gqq'djs% hbqggmvp‘ég{clude, but are not limited to,
sul fur-contai ni ng esters, phosphosul fur conpounds,

nopferig polypx yadiylent peants i gh polyaxystyiene durK atheh ppboxyadl fsie higher
sulfides and the |like and m xtures thereof. 14 [00421

alcBha mphics polybx hetydengawb dplicny! atlse, mdyoagethylenes:tylpiednybgher,
but are not limted to, overbased or neutra

polgetrigimnt Sctgldarastifed| foBlok pdtiey 1eHRtoRsy Y MES polfeBethyldA@S& bitol
made from al kyl benzene and fum ng sul furic acid;
moRBRERIE Dolydk G MRS BAHE mBlodi AW, MESAIRAene dNB monooleate;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts; metal
salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric alcohol; phosphoric
esters; (short-chain) alkenyl succinic acids; partial esters thereof and nitrogen-containing
derivatives thereof; synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene sulfonates; and
the like and mixtures thereof.
[0044] Examples of friction modifiers for use as additives include, but are not limited
to, alkoxylated fatty amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty
amines, borated alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol

esters, borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No.

6,372,696, the contents of which are incorporated by reference herein; friction modifiers
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over based phCDate stearates, phenol ates, salicyl ates,
phosphonat es, thi ophosphonates, ionic surfactants and
the like and m xtures thereof. Low overbased netal

sul fonates typically have a total base nunber (TBN)
of from about 0 to about 30 and preferably from about
10 to about 25. Low overbased netal sulfonates and
neutral metal sulfonates are well known in the art.

[ 00431 Exanples of rust inhibitors for use as
additives include, but are not Iimted to, nonionic
pol yoxyal kyl ene agents, e.g., polyoxyethylene |auryl

- obetited rifonpotepciongtréduceste Gy tgldey, prefdratihalCs ed 8L and most preferably a
pol yoxyet hyl ene nonyl phenyl ether, polyoxyethyl ene

- Cqac Uyl faftemyd eérhed a nitiRgbiyoxu@hiny kengodatsylectsd 8amdthe group
et her, pol yoxyethyl ene ol eyl ether, pol yoxyethyl ene

coﬁ@é’tﬁ'gto@Emm‘gﬁﬁpﬁk{eaﬁra%ﬁ@lalﬁ&le)/é?é?’ﬁfamdiﬁfl}%e@ Brbist @lyial No.
nonool eate, and pol yet hyl ene gl ycol nonool eat e;

10???,32@?,%&%{?%4%& @@, RoBEhe E&Héﬁfs %“v‘uﬁ& arg lm%?{p??ﬁér?e l{yca:rleference herein,

soaps; faffy acid amne’s

t 3 | fenic acid; partial carboxylic acid
anégké%e§§d€@€§%§%?$8galcohol; phosphoric esters;

ort-chai n) alkenyl succinic acids; partial esters
(0REr cor GRSl BELIErRIBR f8iA g seds Fdjfvasiasdudenitatsrnot limited
syntheti c al karyl sul fonates, e,g., netal ' _
to, RO YBIRYS Hapnt mathasialaten pelymaestod dimeghdsilieane and the likmand mixtures
m xtures thereof. 100441 Exanples of friction
thasesdi fi ers for use as additives include, but are not
limted to, alkoxylated fatty am nes; borated fatty
- [0G46bx i deSExafrples pf pthtesphispeesntsiiat sy aepdixide tncldat Buy are not limited
am nes, berated al koxylated fatty amnes, netal salts
to,@blyhiRylele agtilf anhpdridésaeh hitdsgesl eshtaisiny a6 @kivestita@obsalkylene
berated gl ycerol esters; and fatty i mdazolines as

sudirsChPSesad; B b%i@nitr@@én%?n Mond sefecd FrofPBe Hﬁ? cS%ﬁEB?
f g b h§re n;

of whi ch are incorporate y reference

su%ﬁdi@‘d&% '3%1%59%'9&' a%%l?agﬁg?sgﬁd?&%%&&{og@ﬂc%:s,egﬁc}é&%:r}?{l) }r)gl()j/gnqttnes,
M gts%?,l}%osa}ahonoamides, thiophosphonamides and phosphoramides; thiazoles, e.g.,
2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and derivatives thereof; triazoles,
e.g., alkyltriazoles and benzotriazoles; copolymers which contain a carboxylate ester with one
or more additional polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
and the like, e.g., products prepared by copolymerization of long chain alky! acrylates or
methacrylates with monomers of the above function; and the like and mixtures thereof. The
derivatives of these dispersants, e.g., borated dispersants such as borated succinimides, may

also be used. Preferably, the dispersants are polyalkylene succinimides derived from

~animation of polyalkylene succinic anhydrides with polyalkylene polyamine.
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C6 to C20 fatty acid ester and a nitrogen-containing
conpound sel ected fromthe group consisting of
ammoni a, and an al kanol am ne, e.g., those disclosed in
U S. Serial No. 10/402,170, filed March 28, 2003, the
contents of which are incorporated by reference
herein, and the like and m xtures thereof. [00451
Exanpl es of antifoam ng agents for use as additives
include, but are not limted to, polyners of alkyl

net hacryl ate; polyners of dinethylsilicone and the

| i ke and m xtures thereof. [00461 Exanples of ashless

[08475 per S amtdssife@) prits & Rsmadhd thy §tsleésf‘81jlqui§e mbhlﬁd A1&stk
limted to, polyal kylene succinic anhy rid

uBIRA6HY &if &Eﬁﬂ'qu Plt()%!(fé'tﬁ&ugﬁcrah}f?% i ¥&RpdRlticRs Ré:}!zuéallt Ky gne

succinic anh y r a basic n rogen COfT'pOUI’] ect ed

d b I
adtrgn%gewﬁg %r?cfﬂlﬁt rﬁc?lg@ n|1 ndgﬂ%%f darsfﬁlfq(f?%l éqr{]rip&(fxg%safgblgﬁe?r)l( }11 e
phonoan1des

h b
COE‘RP%%%Q%JR ?tgf’é“g) tgﬁ'gt%ﬁﬁfas feﬁtfi&mﬂa%@ s PRy R3fidegpotential

5-di mercapto-1, 3, 4-t hi adi azol es,
le%ﬁig%&aﬁ ifﬁ% FUBRISI108% | K expraplaenicylatipnsean bheareied out involving such
triazoles, e.g., alkyltriazoles and benzotrlazoles
facsesp oy, yerexamplei Eamsidonsiaien band lenpibsybond englest dipolinidmanne
or nore additional polar function, including am ne,
hydneplhdjcifynetnaf thendodgouindgd Taisyehn be:aa’rﬁ@:kmjt usin@Rebvihgftware such
like, e.g., products prepared by copol ynerization of
as,| fongramphl Quadtloy Mdhinidsatvaisab® froRlcBaHk (St ]§i‘~échGahfom1a)
nononers of the above function; and the Iike and

[oouskt ur esNd:hereRbriddiag of %Slhﬂé‘kﬁtlo\ﬁgﬁre%ﬁb itHES® at least one lubrlgating
di spersants, e.g., borated dlspersants such as borate

. o:l%Hﬁﬁbﬂa ﬁgﬁertlyr@l/ermm %ieTHec‘l%qh RLALSH g% 1X bmiplc?src donfp gperty-

di spersants are pol yalkyl ene succi ni m d

det@%x%&&é}? a%fus aoi=x6¥ee}n S af]eo fgé\%(s:tg(l) ocme%pl dtgrlcatmgt\)l\lﬂl composition test

ene yan n

designed to analyze a lﬁbrlcatlng oil composition for a property or characteristic thereof when
used, for example, in an internal combustion engine or as a hydraulic fluid, transmission fluid
or gear oil, e.g., oxidation stability properties, antiwear properties, deposit formation
properties, viscosity, and the like.

[0049] Representative examples of oxidation stability measurements include, but are
not limited to, oxidation consumption data, deposit data, viscosity data, etc. Testing methods
for determining such measurements are, for example, a Lube Oil Oxidator test method, a
Komatsu Hot Tube test method, a thin film oxygen uptake test (TFOUT) method, e.g., ASTM
D> 4742), a Sequence HIG test method, ¢.g., ASTM WK4452, and the like. A variety of
testing machines or apparatuses are known to carry out the foregoing tests and are within the

purview of one skilled in the art.
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[0047] If desired, prior to fornulating the at | east
one base oil and at |east one |lubricating oi

additive to provide the lubricating oil conpositions
herein, it can be advantageous to conduct nol ecul ar
nodel i ng of proposed conpounds for use in the
conpositions (i.e., fornulations) to determ ne which
conmpounds may provide potential |[|eading candidate
conpositions. For exanple, calculations can be carried
out involving such factors as, for exanple,
transition states, bond | engths, bond angles, dipole

[ogsRENt Rsaf@gwmmxmnés o wé gr Brt§ Mﬁ% @'@ear

can be carried out using known software su I
P R D) G LR LAt o
anfﬂhgr FETHARL 0 A  hT e

e term"lubricating oil conposition propert
Wea&&eétﬁ rhYH{%‘an%!g AL IES1s, SOOI TR (e BENGEr Jde 8o
an a lubricating oil _conposition test desi ned
Wlt’»i‘f‘%n%ﬂ ¢ Mack Tl gsst wapdhg @Inmmiss M GR st methodand the like. A
property or characteristic thereof when used, for
vagsta aplesting machines it apparatusesombksvinan Camgolltehéofor@smg tests and are
hydraulic fluid, transm ssion fluid or gear oi
withigthe paovieskadfi cma sisitledbin thé yt. pfad eeibrhple Shesalfit iaue ¥ee Block and Four-
properties, deposit formation properties, viscosity,
BallMdsttab@nlbilis resp@I4 Sy, dePh@eepibal df\RrEMANPHRSx@me pressure,
oxi dati on stablllty nmeasurenents include, but are not

hyddo8Ydafflc 51 co%hd@@vb&@es@@?ﬁ%&'v%a%%ﬂ%l OGRS dn. 9 Satreme-

viscosity data, etc. Testing netho or detern1n|ng

AR A ol B
thin Im take.te , v
bedh s by B &§8 CHF S ey bE e ot Wit i
K and the lj ety of testi ng nmachi nes
ad P%‘Bﬁ%& tpied %@“%HSEIOR a%%&e%%lmcaé'mbomlfé tp Hredpisranigng engine
tests and are within the _
surfaces. For example, an extreme wear condition accurs between the piston ring and

cylinder wall in a running internal combustion engine when the piston reaches the upper dead
center and is subjected to the force of the fuel combustion explosion while the piston is, for an
instant, not in sliding motion.

[0051] A hydrodynamic test is designed to test the ability of the lubricating oil
compositions to prevent wear under conditions. wherein a fluid lubricant film is retained

between the interacting surfaces. Typically, a hydrodynamic fubricant condition occurs in an

internal combustion engine between the piston rings and cylinder wall when the piston is in

sliding motion during the stroke.
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purview of one skilled in the art. 17 [00501
Represent ati ve exanpl es of anti-wear property
nmeasurenents, i.e., wear stability, include, but are
not limted to, adhesive wear data, abrasive wear

data, fatigue data and the like. Tests for

determ ning such neasurenents are, for exanple,
extrene-pressure wear tests, hydrodynam c wear tests,
corrosive wear tests, a Sequence |IVA, e.g., ASTM
V\K4485- 04, a Mack TI O test nethod, a Cunmins M | EGR
test nethod and the like. A variety of testing

[0682¢ hi NeSFiakl12R B HSAr RESs HROMAA tPieGaRd YhiRYof IQubricating oil
foregoing tests and are wthin the purview 0f one

co%:ég%ﬂli(ﬁgtﬁi tééﬂ%quttgﬁcﬁlg su%@émloﬁ% Eﬁ%ﬁ a a)r?os%dengfg&;r’lent. The

our - est asse I es, respecti

rform.ng the extrene essure
d0f 5 SRR & Pl Rl G f & e RS S Bimponents
. i,ndividually or .in, c [ nation, An extreme- pressur
n %@g}.e‘i k¢ cqubugied 8{:1%%@%%3 il PO 5ne i G £478 Where sulfur
| ubricating il conposition has been squeezed out of,
gepgpley Fecidan engine, leaving only a non-fluid film
of anti-wear additive of the tested conposition that
0453t beerRetiesamtatine sxaipplesletdeposit feemitivndestiog methodnfpir determining
surfaces. For exanple, an extreme wear condition
depust dorsnabien weesurdnatsoing tide buti angnat tichited yo, iartbkingneddendynes (c.g.,
runni ng i nternal conbustion engi ne when the piston

FedealClwesMeied 8ppaird de6279 Idephe cated tdsﬁmétubdl)F,%tlﬁﬁnatﬁ. Héerube
force of the fuel conbustion expl osion while the

tesPin®heM, WSif Sty TANe.d TSNRB02 N ThirthoSOkidhit FRIdeQR Simulati
[ 00511 A hydrﬁ{)dyn%r% c test i)g desi gned] to t%%t “the oon

TeﬁtlifbthY) QfH”[t—H gnd T'Q()Sf %5,! mggcj:rlce 1G8TRY ﬁlle{hlfo?,unels%,t RsT™ WK4452,

prevent” wear under conditions whérein a
o BEER A3 5 AR B 61 b
forggoqgé Eeist(s) gn grg l\')’\fr}timl tﬂe gl?rview of one skilled in the art.
[0054] To achieve the goals of the method of the present invention, an optimizing
method (using an optimizer) for integrating the following components will be described. One
or a plurality of the foregoing tests are carried out on the foregoing lubricating oil
compositions to determine compliance of these compositions according to, for example,
industry or OEM specifications or a customer’s requiremenf. For example, a customer may
need compliance with present industry standards, ¢.g., ILSAC GF-4 standards, or proposed
future standards. The results of these tests are inputted and compiled in a database together
with the information regarding the formulation of the 1ﬁbricating oil compositions.

[0055] A mathematical calculation is then carried out on the inputted data from the

lubricating 0il composition property-determining tests and lubricating oil composition
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i nternal conbustion engi ne between the piston rings
and cylinder wall when the pistonis in sliding
notion during the stroke. 18 [00521 Finally, a
corrosive wear test is designed to test the ability of
the lubricating oil conposition to protect the
interacting surfaces fromwear in a corrosive
environnent. The latter nmay be observed in an

i nternal conbustion engine due to the oxidation of
conponents in the fuel to be conbusted or in the

| ubricating oil conposition, e.g., in the case where

fohtl1fetn. Eﬁﬁmsrg%ﬁﬁm H,lfa{h%hﬁca@eélaﬂatga%’ﬁq%ﬂudg%g g@gg{r B edro,

exanpl es of deposit formation testing nmetho

_ o T . . | ude. .
lm%%r:rg%rrg;esmﬁlgh%allylg%Hi%égg,tngl?r%gﬁeﬁ%g&naga ?%g @gﬁ%gtqﬁl%@%&( %}_&15’_31’ s models

o B TR Bl it e oo IR v e preBt Higgnne ol

Strip Test (e.g., DIN 51392), a Therno- Oxi dation

COPBRGT RN R Pers- YRt B phtest resst agspeiatstywiNg iRt JubsisatineEaglspmposition
33, a Sequence |11 G test nethod, e.g., ASTM WK4452,

when hypetbesizingaan exempleneioyndatianeafithawgmedethicadsg @t composition, ie.,
apparatuses are known to carry out the foregoing

bytchsttgingthel waipbt amduntsoftiradditive icempafenrie? skd dtiedalivaluchef the
art. [00541 To achieve the goals of the nethod of the

bagr @B@Dperiiciwd thd K8 oibof mmdanh%bi@@sitfm@mmhém iNDI2aMd 114,
optim zer) for integrating the follow ng conponents

resptdtlveReindBsGE il DM wiPBE deRFib& Witk Fe®drbdc¥ (OFi g{ul'é@,.

oregoing tests are carried out on the foregoing

[0036P" | Catyiifghr Pddressinh HRASH Hs %génﬁlﬂ%eg% P%meggé%g@ebgg&% from

of "these conpositions accordi ng
o S5 SE0L RO B0 Bl ) Raion v
deﬁ%ﬁr%ﬁ@g@s?ﬁusﬁg&ﬁ },e%tg@g ?@Fllc%?%ﬁgcéw%%gﬂggsr dﬁlé datasiis generally may
contain about 2 to about 100 test results using different formulations. In theory, a linear
regression model can be developed from as few as about 2 tests. For bench tests, however,
the datasets are often iarger and can range from about 4 to about 10,000 test results and
preferably from about 4 to about 1,000 test results.
{6057] As shown in Figure 2, a linear regression model 200 is used to determine
predicted test result 110DT1 for the first deposit test 106DT1 (see Figure 1). The coefficients
204 (including an Intercept), an optional Lab entry (i.e., laboratory site where test is being
conducted), and other coefficients which correspond to Additives 3, 4, 6 and 8, fespective!y
are derived using a linear regression equation {or other suitable equations which are well

known in the art). For iltustration only, an equation for deriving the predicted test result for

the first deposit test 106DT1, i.e., Prediction, opr, is Set forth below in Equation 1.
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O

future standards. The results of these tests are

i nputted and conpiled in a database together wth the

i nformati on regarding the fornulation of the

| ubricating oil conpositions. [00551 A nmathenatica

calculation is then carried out on the inputted data

fromthe lubricating oil conposition

property-determ ning tests and | ubricating oi

conposition 19 fornul ati on. Exanpl es of such

mat hemati cal cal cul ations include, but are not limted

to, linear regression analysis nodels, neural network
Eqamadny$):s nodel s, quadratic analysis nodels and the

i ke. The mat hemati cal cal culations allow the user to

prredtdn; @Ry=dxplhtefdpi N d@itiVe3 *0 ODROSIditi@A%0.03 + Additive6*0.01 +

property-determ ning test result associated with that

Iubrlcat|ng oi | conposi t¥8Hiveiifel¥)hypot hesi zi ng an
WSk @\rnghft %Hﬁ”t@&f‘@(ﬁht‘?\fe i Iﬂ%dﬁi@gﬁ Aéﬂ&%ﬂ%cﬁ% dn/gdaq n‘{e & are

conposi tion, I.e y changi'ng the anmou

B W BSETRRIT At RSP b
COSIt shown in 112 and 114 respectively
dﬁﬁ A enes S iR 5 PPy Gp PR ot B B e gdghe has
gure 2. [0056] Li near regression nodels, as
Pa'é%lﬁbfumfti%e BrdFiyuives addigve ey aaticaidanbasidiive cowd funedon to
i nputted datasets of the results of the foregoing
inlikibd¢pesit fonygatiin, whonwed it 4 bibrigatiopeil ympaidicar raspgngly, it is
tests using at least two lubricating oil conpositions.
deflinderd ah degiagtiogn esdding cmyed auotnt detanmale euiichddtivaalibe used in
100 test results using different fornulations. In
thd da@ation, to redichd@dnest fe@@t.€Sssi on nodel can be devel oped
fromas few as about 2 tests. For bench tests;

- [ogB8ypeVer,Ag sthhﬁznq@?@&%@sa%ﬁ@ar@é%n%@mh ﬂfl'og@lr%@r?éju gt & e a

from about 4 to about 000 test results an

prelaf &%ﬁml M OE'T‘? ri%x‘%Q 10n ek S%Bqlﬂ(se% ’F%Q! € @esﬂhe cggfﬂkleﬁta 3?4 differ

own | n gur e gr essi
51151919/ flotn the coef%ic:exgt Stfown in eFlgure 2, and include an intercept, and coefficients

which correspond to (Additive 6+Additive 7), Additive 12, (Additive 8 + Additive 11) and
Additive 10, respectively, are derived using a linear regression equation (not shown as it is
well known in the art or other suitable equations which are also well known in the art) which
is applied to one or more of the aforementioned datasets. For illustration only, an equation for
deriving the predicted test result for the oxidation test 1060T1, i.e., Prediction,eor, is set

forth below in Equation 2.

‘Equation (2}

Prediction; jgpri=exp(Intercept + (Additive6 + Additive7)*0.01 + Additive12*0.08 +
Additive8 +Additivel1)*0.06 + Additive10*0.11)
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predicted test result | 10DTI for the first deposit
test 106DTI (see Figure 1). The coefficients 204
(including an Intercept), an optional Lab entry (i.e

| aboratory site where test is being conducted), and
ot her coefficients which correspond to Additives 3, 4,
6 and 8, respectively are derived using a |inear
regressi on equation (or other suitable equations which

are well known in the art). For illustration only, an
equation for deriving the predicted test result for
the first deposit test 106DTI, i.e., Prediction"opr,

whefeiP @b wettht mbghoyy (Aﬁdlﬁqy@#)\@&ué‘e ngdcﬁﬂ%afj @Rdc(léwe g-+Additive
Predi cti on, oDT, =exp(lntercept+ Additive3*

I IWrAdci\ft?v%*l% a\%‘gmf‘ihﬁﬁgd mfu%gﬁ regpgckg% c?deﬁgérgé 3/ %El]e@nnﬁd by the

el n the nts

dd t re. mul e
*m@ﬁl ftsH e e & O&Séh‘ﬁe% ot & k‘}@ﬂfdéﬁﬂfefé@%r?fﬁ?*%%uwb%&y piploving
ot e CPESEHS BB EEr @sané‘esa@ﬁr'%?qaﬁé'frb&?%rgz?@t kyiine succinimide
addi tive has a_ particular function,
Faraif, e, EERlcreh Vst agdiyes aR Hafdeh gpEe. 2o sdlidves 6 and 7)
function to inhibit deposit formation, when used in a
ang! thep meditpling by iheircesppuive coefficiemtas detdlmmgdscyby the lingar regression
dependent on the particular test being carried out to
mcdek er m ne which additive will be used in the equation
to predict the test result. [00581 As shown in Figure
[0039] a | | rRRgIrey £YIESSNARN YIS 1inR@0chiBssitsafodet REtheraNRst

a- predicted result I | OOTl for oxidation test 1060TI
106 WE Sk 1BUeEond Mepckhest PG4I T k&P BivA QA which i ﬁﬁstraél dogi}?i%{e}{ts

fromthe coefficients showh in Figure 2, and i1 nclud
eql?aﬁglgsqn% \}J‘P&g&l"&agﬂﬁcﬁ gree eh%de s:ﬂm?M? {éz:slﬂlo?%) @%%?&Qgggtl%ned first

depo%ilq tes{ Y(%le]l)ang oXidation test 1060T).

[0060] The data including the theoretical lubricating oil composition property-
determining test results (from one or more tests) is optionally saved and/or displayed so that
other action can be taken. In alternative embodiments, the results are reprocessed to derive
yet other lubricating oil compositions using an embodiment of the present invention.

[0061] Referring now to Figure 6, a worksheet 600 showing an exemplary cost
calculation model for the lubricating oil additives employed in the hypothetical lubricating oil
composition of Figure 1 is illustrated. The lubricating oil additives 604 and their values
including, for example, amount 606, cost 608 and cost contribution 610 are copied or linked
to/from the global model counterparts (e.g., the corresponding components and their
respective values indicated in Figure 1). The total additive cést 602 can be copied or linked to

a global model location. These results can be used for calculating the lowest cost formulation,
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Additive 10, respectively, are derived using a linear
regression equation (not shown as it is well known in
the art or other suitable equations which are al so
well known in the art) which is applied to one or
nore of the aforenmentioned datasets. For illustration
only, an equation for deriving the predicted test
result for the oxidation test 1060TI, i.e.,
Prediction,,,,T,, is set forth belowin Equation 2.
Equation (2): Prediction, |ODTI=exp(lntercept +
(Additive6 + Additive7)*0.01 + Additive] 2*0.08 +

- whidhchirha ltep8ous Bdniéets the bondBai®6 of thadgdifoimeaba@etslfb) ea2ll test. To

wherein the wei ght amounts of (Additive 6+Additive 7),
derdetthé basefolt@ulatidd ahiet test @reBioAdel dnd\est caitladditarddplithizv® (4.9., the
are multiplied by their respective coefficients 304 as

mEd 4R ATIOE I BNatloR & cdst mgs erfoRBARE & LREPAGor exdn 8 he test
skilled in the art wo further appreciate, when

préARbAYiADe og@age& Bf"@ar%% t@edﬁd&1vxg?e@a1n&laloﬁ§ &hich, ihA&n, can

sane chem C ene succinim

prof\%g'ehé/rthglgxg gg&k{%}ltjlge%’mlﬁgﬁ%ug@ gﬁgthgqe% éér}“’o‘?%mf%r&oﬁ)&ramts.

ed b ective coeff ci ent
Thﬁ@?’& P ERETE 4 o PoePOfRaLF BB ro R dtor S e sakaees. c..
gures 4 and 5 sigp lLarly show |inear regression

M‘ﬁ‘i?éféfF s xgel befus %@to Pre gedithe dke niaydedsebioetfaps diet
test 106DT2, respectlvely, (which illustrate

opi htiencif i férmuléfefuvatM@ﬁgveaﬁHGSQ redipiber werkshehis ¢in elifer a wide range
derived in a simlar fashion to the aforenentioned
of ddcestto usbepdititer pegtanisq6 BT Mianosofo X Qffit¢ Applicesons).OB@Hermore,
[ 0060] The data including the theoretical |ubricating
othet WorkeligeOsrb famB op btBpedpplications including custom-made applications can be
used,
[0062] " A simplified block diagram illustrating an embodiment of the present invention
is shown in Figure 7. The present invention can be realized using a system and method such
as the one shown in Figure 7. The system includes at least a personal computer 700 including
a Central Processing Unit (CPU) 702, one or more memory devices 704, an I/O controller
712, a display device 706, an optional input device (e.g., keyboard) 708, an optional pointing

device 710 and/or other optional input/output devices. The memory 704 can include solid

state memories, one or more hard-drives and/or other storage devices including those accessed

- via a network connection. The CPU 702 can use any operating system which is compatible

with the applications software or programs used in the present invention. The I/O controller
712 can be used by the CPU 702 to access external devices (e.g., analyzers, scanners, printers,

other computers, modems, networks, etc.) 714.
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determining test results (fromone or nore tests) is
optionally saved and/or displayed so that other
action can be taken. In alternative enbodi ments, the
results are reprocessed to derive yet other

| ubricating oil conpositions using an enbodi nent of

t he present invention. [0061] Referring now to Figure
6, a worksheet 600 showi ng an exenpl ary cost

cal cul ation nodel for the lubricating oil additives
enpl oyed in the hypothetical |ubricating oi

conposition of Figure 1 is illustrated. The
[0d6gpr | catyRGn@hdry a@m&atn' OpEEn LY 4R tio'ﬂ%' AnaN &L URss, optlmlzatlon
i ncluding, for exanple, anount 6 cost ~608 and cost

dat%%g%ers eg n% C{ggrhaga]]‘po fife 106 a& Q- c&ﬁ;{ﬁﬁﬁﬁm tr(%ef‘tg% él'rnﬁung tests and

COUI’] er par rres

SR o D PSR s o

inked to | obal  npdel Iocatlon These results
be E'él??r ﬂ@eq&@éaceﬁﬁ?ﬁ %awﬁﬂegwaﬁgwfw 1 owest cost
formul ati on, 22 which sinultaneously neets the
[006dhst r ai Thesompuieh &0 reperalwraipree anchaxgeutes the pppbigetionisefivare
To derive the best fornmulation, the test predictions
(whinl, ¢ dstpreseaiteuibatiment ialaéxfﬁ@msbﬁlrﬂzm Wrlsshget). Tlheecompoter 700 can
desi rabl e conbi nati on of cost and perfornmance is
praeedsaad stdje. infobmatinanrohrerentobedy tcesds ottee eghtctid wlrish p@sesb r can store
‘optimzed by varying the additive concentrations
desRi@la. i n turn, can provide the m nimum cost while
simul taneously neeting the test performance

[o0&8St a'Iﬁta§otherEPrﬁ>o§%§4?6fthé*fn@&%girn%ﬂno&% SR CPU 7834 a standard
nmoder n conput er software wor ksheet packages, e.g.,

IBIIM ﬁ)n&)sd%ﬂa e %)](S%I ? hll'eoc}evﬁz%a gbz% Ih%epp oD tcrogqpﬁg:?laWA %ip\?%e a

nay be used to per i mzat’ion o
A MRy Ul B S

pr o Mcro oft Tm (¥ fice plicatigp
dees ?HEPHBVPBHE SySteR ngw@hé%crﬁﬁ%?@gaswmdow he?peratmg system
appl i cations including custom made applications can be
but in alterative embodiments, can be any suitable operating system (e.g., MS DOS,

Windows, Unix, Linux, Apple O.S,, Palm O.8,, etc.). The worksheet application is preferably
MS Excel, but in alternative embodiments, can be any other suitable worksheet program or

application.

{0066] The individual cells are accessed by using the keyboard 708, the mouse 710 or

other like device to select cells and input variables. The keyboard 708, mouse 710 or other

suitable device can also be used to select various features of the application (e.g., select

graphs, print, etc.) and can.also be used to control the initiation, and termination of the

application program in additional to other known uses.
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used. 100621 A sinplified block diagramillustrating
an enbodi nent of the present invention is shown in
Figure 7. The present invention can be realized using
a system and nethod such as the one shown in Figure
7. The systemincludes at |east a personal conputer
700 including a Central Processing Unit (CPU) 702,
one or nore nenory devices 704, an 1/0 controller

712, a display device 706, an optional input device
(e.g., keyboard) 708, an optional pointing device 710
and/ or other optional input/output devices. The nenory

[0&71(9:} dcan TRGhUAS: Sahd ﬁﬁseﬁi ﬁx%@nt%%%@%ﬁ%s th%&taﬂfod ru%st

dri ves and/ or ot her storage evi ces |nc
cafcﬂ@ﬁgn agé: ﬁ@ﬁ'ﬁgatlon rgutmes m n n Va%?at %esrgsterg (gﬂlow gb(P\’anl zedih
| oftmare or ans, u .
forﬁ?@%ﬁ F of (asstronT e iRete, %F%%ﬂca@&%re% iBEonfesido
the CPU 702 to access external devices
exgﬁa& ypepashesdpay el ¥ P thegxpericapeand ipufion 055%@@@%111%01‘ The
nodens, networks, etc.) 714. 23 [00631 The nmenory 704
mt@gﬁ;@p@ftbﬁg[ﬂg@@p@i]@W@ phei forvau laténnab pe petimiged fr lowest cost as well
opti m zation data-bases etc. (e.g., data fromthe
mdetibg theabnsgingi df+tesopgse'édil liroits. pqicmpmirtgyy,aﬂm retthbdamiggystemtos the
and hypothetical lubricating oil conpositions as
présefpuiveatobydvaney®pae dédreasappt Ligah@Bifort Waliedl 16 Fokmuldee and
either directly accessed or accessed via a network.

op{:ﬁ)l%é’r %bTﬂ&@mngmR%h%Bsﬂ% Qﬁirh@ffnﬁheltéfs RhRh@FoANd executes

the application software ch, in the present
odi
mg%&gghgde;c{egcz 1Bn ) Sést .\é‘?@%%@@gg%ghteg% ecnﬁcs shouid not
be c?rl;rtt)ruec!l %Se%nl"r elgns oft tnee {nvgl%lsotnem mere]y as & %%%ﬁfcicatlons ofa preferred

embodiments thereof. Those skilled in the art will envision many other embodiments within

the scope and spirit of the invention as defined by the claims appended hereto.
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[ 00651 In anot her enbodi ment of the present invention,
the CPU 702 is a standard |BMconpatible P.C. or
other like device (e.g., an Apple TM conputer, a PDA
.device, a Pal MIM -type device or other |ike device),
and can include any other suitable conputationa

devi ce. The operating systemis preferably a M crosoft
(M) Wndows TM operating system but in alterative
enbodi nents, can be any suitable operating system
(e.g., NIS DOS, W ndows, Unix, Linux, Apple OS.,
PalmO S., etc.). The worksheet application is

\Uﬁ%ﬁﬁ QﬂHhXﬁi :Exce!, but in alternative enbodi nents,
—7nﬂri;r1nmrfﬁﬁ%r sui tabl e wor ksheet program or
appl i 00661 The, i.ndi vidual cells are access
pp ?\{a 'ﬁ‘ﬁdefO& BB Hhrgcatipg 85' FORETIPRGagipe AR Pne Base oil of
Ilke device to select cells, and input vari abl es.
lubisgtingayidroyind phlsad ong rbgeatipe R addigiyg. ﬂ@dﬁ@h%wwww@ﬁhe steps
al so be used to select various features of the
of (g piputagiinin acemyutatieng] davice agemohsf of gaghrat theeat deayt emgdubricating
can al so be used to control the initiation, and
oiltadditive) dased on diie thtabweighipdfitialtbieatipg ot campasiticadidi t aptinadlly, a
to other known uses. 24 U [0067] The nethod of the
vajpe ebfilitast shegpdgeain assotibied ©8thteh¢h cfah@atN®Eedng basOs! of lubricating
cal cul ation, and optim zation routines into an

ws)césg;@g(rb@t;@ﬂpﬁmgta%dadﬂo@m E\Qeﬁ%ﬂe"fbl?ﬁqtm%&[ Mﬁkit&ﬂ%r&feﬁy—

| ubricating orl conp03|t|ons to be nathematically

| de@ﬁﬁihﬁxg%st FeRuiF R AT @ﬁ(kcﬁltl ?Q%Ls%ﬁgl%ﬁﬁ% a%tf&%ilfy

on t exper| ence an UI t I at or.

e hind it SHRLEOD o0 {)@p%sa)%u@g CeSS%s all ovs the

¥ i owest cost as wel |
neetlng the constraints of test pass/fail limts.
Accordi ngly, the nethod and system of the

2. The method of Claim 1, wherein the step of computing a prediction of at least one
lubricating oil composition property-determining test is done to determine compliance to a

target specification.

3. The method of Claim 1, wherein the step of computing a prediction of at least one
lubricating oil composition property-determining test result comprises fields of information
including at Jeast one of deposit formation properties, anti-wear properties and oxidation

properties.

4. The method of Claim 1, wherein the at least one base oil of lubricating viscosity is

a natural or synthetic oil,
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present invention advantageously decreases the tine
and effort required to fornulate and optim zed
| ubricating oil conpositions, and elim nates human
error. [0068] Wiile the above description contains
many specifics, these specifics should not be
construed as |imtations of the invention, but nerely
as exenplifications of preferred enbodi nents thereof.
Those skilled in the art will envision nmany ot her
enbodi nents within the scope and spirit of the
i nvention as defined by the clains appended hereto. 25
WHAT. II's: Beiabd/EDC1aBn 1lwhebeimetiehm daftane ddrieatimgrgl alditive is selected
| ubricating oil conposition having at | east one base
fromi the @foup oBigtia@bf agioXidasto Sintiyweangkeads, de@RgdntHABL inhibitors,
lubricating oil additive, the nethod conprising the
delSdz@R S e, de@NIsitRRAY hidnRImiel Geadti GRNP ichtd at@bn dRMIMREs, Bbur
amount of each of the at |east one | ubricating oi
poRf@ids Vs, Ql?frcfgzgmgg gééﬁ%, a1 rﬁ\f\é? bt o dont ﬁbilgik@g,'cgﬁ&ﬁ&g
ol | "conposition and; optionally, a ~value of at" Ieast
. I ci;at.e j t S ne
nt AR SRR AEBRC LR tb BSER o Moo Bltsf ARbyed
prediction of at |east one |lubricating oil conposition
property- determning test result for the |ubricating
oi | conposition; (c) conputing a cost for the
| ubricating oil conposition; and (d) outputting the
r es B e mothod REClaie howhesgin diegiam of compieingiapredietioptad gt lgast one
conputing a prediction of at |east one |ubricating
lubsicitingenipogiposition popatrdejerdétieg witnesuly fortbt lubsicatongeiltcomposition
determ ne conpliance to a target specification. 3.
uscklvae nB4 hedr efre6dion ealdlativher wiural héterofd @jcuddiios erp yhddagica
prediction of at |east one |ubricating oi
cale@lpm@sSi tion property-determning test result conprises
fields of information

7. The method of Claim 1, wherein the step of computing a prediction of at least one
lubricating oil composition property-determining test result for the hubricating oil composition
uses at least one linear regression model and wherein coefficients in each of the at least one

linear regression model are used to build equations that allow prediction of test results for

hypothetical formulations of lubricating oil compositions having at least one base oil of

 lubricating viscosity and at least one lubricating oil additive.

8. The method of Claim 1, further comprising (&) conducting an optimization routine
to derive the lowest cost for a lubricating oil composition, which simultaneously meets given

constraints of a performance target for cach test.
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including at | east one of deposit formation
properties, anti-wear properties and oxidation
properties. 4. The method of Caiml1, wherein the at

| east one base oil of lubricating viscosity is a
natural or synthetic oil. 26 5. The nethod of Caim1,
wherein the at | east one lubricating oil additive is
selected fromthe group consisting of antioxidants,
anti-wear agents, detergents, rust inhibitors,
dehazi ng agents, denulsifying agents, netal
deactivating agents, friction nodifiers, pour point
depressants, antifoam ng agents, co-solvents, package
conpati bilisers, corrosion- inhibitors, ashless

d' S 3%202)91 ter g)é%?h %?é(#%e%%a:)lkglzp%HFg eﬁ?g&ﬁé%lt% qlavmg at least one

. of l.east one
ba?%#tﬁliﬁl‘f’1¢ﬁigl%ﬁ%&®@%£ B i S g Sl P R Ay s
resylt for the Iubrlcatlng oi | conposition uses one
COGPIIHNE i near regression cal cul ation, a neural network
cal culation or a quadratic calculation. 7. The method
of @ greastor ijpwtiag p desired &b pndimewiplieach gf thept kst ené on
of at |east one lubricating oil conposition
lubicaiprerdiladdisiverbeben anghe eeét! weeghubf thé bibritdimgloilompatiiiergand,
oi |l conposition wuses at |east one |linear regression
optimaidly;, santhewer leasn ocombpérci Reicttddrivieaebh of tht BEleast oh€mse oil of
one linear regression nodel are used to build
1mﬁmmﬂ%namgmghat al l ow prediction of test results for
hypothetlcal formul ati ons of lubricating oi

oMY HehhsABSc ARG o PledicBBS b 41 ﬁn%stb(ﬁl%%ﬂcgtbr?g-o:l composmon

| ubricating viscosrty and at |east one cating ol

Pl’e?ggfy' H%‘cﬁ@mm te-EPI%SLHPF Fﬁ% I%r Cgl é’ﬂ élompfol§|1E1¥JH earndCorrpr I sing

ng an op |mza FOUt

(c) means for computing a cost for the lubricating oil composition.

10. The system of Claim 9, wherein the system generates at least one test result which
comprise fields of information comprising at least one of deposit formation properties, anti-

wear properties and oxidation properties.

11. The system of Claim 9, wherein the at least one base oil of lubricating viscosity is

a natural or synthetic oil.

12. The system of Claim 9, wherein the at least one lubricating oil additive is selected
from the group consisting of antioxidants, anti-wear agents, detergents, rust inhibitors,

dehazing agents, demulsifying agents, metal deactivating agents, friction modifiers, pour
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to derive the |l owest cost for a lubricating oi

conposi tion, which sinmultaneously neets given
constraints of a performance target for each test. 27
9. A computer systemfor screening a lubricating oi
conposition having at | east one base oil of

| ubricating viscosity and at | east one |ubricating oi
additive, the system conprising: (a) neans for
inputting a desired type and anount of each of the at
| east one lubricating oil additive, based on the
total weight of the lubricating oil conposition and,

: pogﬂhgﬁg@s@éﬂté’ 'anﬁi;oﬁlﬂlenggﬁgg% @B~sbl@éﬁ§, lpggkgg@ %ﬁ@%&iggiéer%i clorrg?ion-

assocl at ed Wi t he at

b LG Vi Lty ans for conputing.a

R0 G PSR A o PR e S P B Bl on
property-determining test result for the lubricating
oi | conposition; and (c) neans for conputing a cost
for the lubricating oil conposition. 10. The system of
d ailth dhe sstemedtflpife: syhsteambg sivansdopeomputing g redisign of at least
test result which conprise fields of information

one Hibpicatisigrig camppEten propretyofetatmpirg testiresutteer the lubricating oil
properties, anti- wear properties and oxidation

compogimt usesonckf a lifibe reyressemceoltuld@diai, andyraweerak maltlleti@t and a
| east one base oil of lubricating viscosity is a

quidrhtiy @lcubitiosynt hetic oil. 12. The systemof Caim9,
wherein the at |east one lubricating oil additive is
selected fromthe group consisting of antioxidants,
anti-wear agents, detergents, rust inhibitors,

dehazi P o RQRNTId e WsiciythB the iefPI (zormsﬂm%gh Iprediction of at least

deactivati'ng agents, ’friction no

one lubricating-oil-composition property determining test uses a mathematical calculation
model wherein coefficients in each mathematical calculation model are used to build

equations for predicting each of the at least one test result for hypothetical formulations.

15. The system of Claim 9, whereip the means for computing a prediction of at least
one lubficating—oil-composition property-determining test result for the lubricating oil
composition uses a linear regression model having coefficients which are used to build
equations for predicting test results for hypothetical formulations of lubricating oil
compositions having at least one base oil of lubricating viscosity and at least one lubricating

oil additive.
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28 poi nt depressants, antifoam ng agents, co-solvents,
package conpati bilisers, corrosion inhibitors, ashlers
di spersants, dyes, extreme pressure agents and

m xtures thereof. 13. The systemof Claim9, wherein
the neans for conputing a prediction of at |east one
| ubricating oil conposition property-determ ning test
result for the lubricating oil conposition uses one
of a linear regression calculation, a neural network
calculation and a quadratic calculation. 14. The
systemof Caim9, wherein the neans for conputing a

pr eqf Clrh Oy sRin ?ﬁcabﬁ@@%m&? gom I‘lSl eg({l%/ means for conductin

| ubri cating- ol conp05|t|on p erm ni ng £88¢

e L.C
opl{iEay ?‘%@%F We“‘é‘%c fi ﬁfa*t wbﬂeafn&ﬂvﬂﬁomﬂmm gyhich
. % F % %or predlct% ach of
st e B padits el Rer ey FERHELF g tost.
formul ati ons. 15. The systemof Caim9, wherein the
means for conputing a prediction of at |east one
Iubrlcat|ng oi | -conposi tion property-determ ning test
r es il -t AMfcomputigeprogism deaice mepdakle by e onploisé, tangiblysebodying a
| i near regression nodel having coefficients which are
preg®u of mstpustioos exequiatile bynthe harchipe adpeeforn gndtigsitstape $atlstigening a
for hypothetical formulations of |ubricating oi

lute eampsdil doaipsifiay hidn®it [d88Sie basteoiDFIebrdhlingd¥iscosity and at least one
| ubricating viscosity and at | east one | ubricating

lutftichticsl dddUBre, RO mbfhod HaBs S¥fhRMOT Caim 9, further
conpri sing (d) neans for conducﬁlng an optimzation

routi nﬁg 6@?11{{&{0%1\4% V%&ﬁwh&%ﬁl dgxgéet an amouttt J)%QEH 817?“‘1(!:‘ NYeast one

oi | st mul't aneously neet's
Iub%%gt%tg o":llf a{atdﬁlv%fbase tLg [onaﬁr\]v%ieghtc SF8E Eusbrlt:ag)tlrngeal composmon and,

optionally, a value of at least one property associated with each of the at least one base oil of
lubricating viscosity;

(b) computing a prediction of at least one lubricating oil composition property-
determining test result for the lubricating oil composition; and

(c) computing a cost for the [ubricating oil composition.
18. The computer program device of Claim 17, wherein the step of computing a

prediction of at least one lubricating oil composition property-determining test is done to

determine compliance to a target specification.
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17. A conputer program device readabl e by a machi ne,
tangi bly enbodying a program of instructions
execut abl e by the nachine to perform nmethod steps for
screening a lubricating oil conposition having at
| east one base oil of lubricating viscosity and at
| east one lubricating oil additive, the nethod steps
conprising: (a) inputting into a conputational device
an anount of each of the at |east one |ubricating oi
addi tive, based on the total weight of the l|ubricating
oi |l conposition and, optionally, a value of at |east
one jpr :

19! PRELdnkp RS RS A 88V Srr1saety, qfhf{gyﬂgg%%% tgftibténpgﬂﬁg a

base oi ricating viscosity;

-edi ¢t : ne |ubricati ol | _.conmposition
e Eh BF L bAoA AREE o REFme Rl P s R GRS bl
oil. c osi.ti.on; .and conpputin cost for the | .
COPBB?%S?%P%SH&*%?rrﬂaewsﬁﬁffﬁg&hgg%ve TSt aion srgRismant-
devi ce of glain117, wherein the step of conputing a
WeIF EPEHFANC SKidgtion AR tigne | ubri cating oil conposition
property-determning test is done to determ ne
conpliance to a target specification. 30 19. The
conmput er program device of Claim 17, wherein the step
of eonibbe ¢ammputer pprgeahi deviiaofdflaiat 17, ehsteinaheatl ledst oredtabang! of
oi | conposition property-determning test result
lule ey Eessity e ldaued of siintiet@biion i ncluding at | east one
of deposit formation properties, anti- wear properties
and oxi dation properties. 20. The conputer program
device of Claim1l7, wherein the at | east one base oi

Ol
additive is selected from the group consisting of antioxidants, anti-wear agents, detergents,

rust inhibitors, dehazing agents, demulsifying agents, metal deactivating agents, friction
modifiers, pour point depressants, antifoaming agents, co-solvents, package compatibilisers,

corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents and mixtures thereof.

-22. The computer program device of Claim 17, wherein the step of computing a

prediction of at least one lubricating oil composition property-determining test result uses one

of a linear regression calculation, a neural network calculation or a quadratic calculation.

31

of | b Wb L LAl gGr BEGRERT HidWed oF (ailAA Cvﬂlareﬂxrthg‘Xt%gg%riequbricating oil




21. The conputer program device of Caim1l7, wherein
the at least one lubricating oil additive is selected
fromthe group consisting of antioxidants, anti-wear
agents, detergents, rust inhibitors, dehazing agents,
demul si fyi ng agents, netal deactivating agents,
friction nodifiers, pour point depressants,

anti foam ng agents, co-solvents, package

conpati bilisers, corrosion-inhibitors, ashless

di spersants, dyes, extrenme pressure agents and

m xtures thereof. 22. The conputer program device of
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of at | east one I ricating ol
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uting prediction of at |east one
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result for the lubricating oil conposition uses a

comppwians hayng sldpashonrdued oithanipbricatne ¥ is¢asite andsatidristime duticating
~ used to build equations for predicting test results
oilfadditig.pot het i cal formul ati ons of |ubricating oi

conposi tions having at |east one base oil of

| ubricating viscosity and at | east one | ubricating

oil additive. 24. The conputer program device of Caim

17, 24 uThdr@m Jﬁ:@éﬁEng%nmge\ﬁégof@Qﬁﬁiluleﬁ fd?@leﬁébmﬁﬁing@%h&%ng an
routine to derive the |owest cost for a |ubricati ng
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COﬂSt raints of a per rmance targets for ea

simultaneously meets given constraints of a performance targets for each test.
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