METHOD AND SYSTEM FOR SCREENING LUBRICATING OIL
COMPOSITIONS BACKGROUND OF THE INVENTION 1. Technical
Field 100011 The present invention relates generally to a method and
system for screening lubricating oil compositions. 2. Description of the
Related Art [00021 Formulation development of lubricating oil
compositions can be difficult and time consuming due to the complexity of
the formulation mixtures as well as the often competing performance
properties of the lubricating oil additives used in the compositions. For
example, in order to meet specifications of the United States Military
Stdacds MID ISVEIESRHD RriCthet RteraationalCubricants 1. COMPOSITIONS
Standardization and Approval Committee (ILSAC) Standards defined by
the Japanese and Unlted States Automobile Industry Association,
YIpéng . péhts need to be satisfied. As such, many
1 d&fg%ﬁgngageﬁ@@eed to be carrled out. Conventionally, these tests are
carried out using different test apparatuses, are time-consuming, and are
[0ASiBkively eﬁé@rﬁmémpam@@mnsﬁw%ﬁ%mlédtfbatﬁ@th%a@édgstémsmmng
wBIERTRaY Beeauige to be analyzed. [00031 Presently, research in the
lubricant industry involves individually forming candidate lubricating oil
2 compasitiansrandibrirperforming a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to
[(0exested. Aglciidnallydthdopethods emplayed dorctespmiieachoanrditddtarl: and
composition require manual operation. This, in turn, significantly reduces
titeecnosn e of wotm pesitionsdahigt chihdtestedon mixtures as well as the often

competing performance properties of the lubricating oil additives used in the compositions.
For example, in order to meet specifications of the United States Military Standards MIL-L-
46152F and the International Lubricants Standardization and Approval Committee (ILSAC)
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 involves 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 leading lubricating oil compositions. Accordingly, existing
approaches rely | on the experience and intuition of the formulator to
provide recommendations for new formulations. [0004] It would therefore
on thdexirsisabledadpiavitra mrthedfancubysiene toread!yreidentifynibaming for new
lubricating oil compositions which meet, for example, industry
formubpeelications, customer specifications, etc., while also predicting the cost
involved in making such compositions. Additionally, it would be desirable
[0004]0 carry bustelderhaaival testeambtdach pfevslcompotitidrendrsisiem to rapidly
manner, the preparation and screening of a vast number of diverse
identiffonmpasitipnBibandtieacliévedinpasitions expaditionseind fAexgensile,  industry
mariner. SUMMARY OF THE INVENTION [0005] It is therefore a feature
specifhtiepreastomdisgesificationsorderdivalio Dumdec g tBarast Bivpndny making
formulation development of lubricating oil compositions. [0006] It is a
such gompesifiaturéd dfithanplasdhransldusudetsapiatly irrieagB! tHa oI Aests on
on which formulations are based by computerizing the analysis of
each QR GEsATIPFEHITe B SSHARTSHRARE PRI PP ASTSARE ©f & first number of
~aspect, there is provided a method for screening a lubricating oil
diversgSioRBeRIbAR &ThBeATALE G e WRSE GIF et DFSOSERY QM ater-

least one lubricating oil additive, the method comprising the steps of (a)

[0005] It is therefore a feature of the present disclosure to provide a method and
system for simplifying formulation development of lubricating oil compositions.

10006] It is a further feature of the present disclosure to vastly increase the information
on which formulations are based by computerizing the analysis of information required for
such formulations.

[0007] ‘According to a first aspect, there is provided a method for screening a
lubricating oil composition having at Jeast one base oil of lubricating viscosity and at least
one lubricating oil additive, the method comprising the steps of (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-



property associated with each of the at least one base oil of lubricating
viscosity; (b) computing a prediction of at least one lubricating oll
composition property 2 determining test result for the lubricating oll
deternGi@iApOsiionss(t) computingAceosifantheniyettaing o)l compasition;@sd for the
(d) outputting the results. [0008] According to a second aspect, there is
lubricmiayidéd engaripote nagsemdgusieredningalisibricating oil composition
having at least one base oil of lubricating viscosity and at least one
[0008]ubricatiAgoeoiidaglitives thecsystempeom phisingi{aprmednd for dnpyitieyg aystem for
desired type and amount of each of the at least one lubricating oil additive,
screeriasedl opritadingtal] weightofi thehabrigatingasil comipositidhcdidboptionmaliyscosity
a value of at least one property associated with each of the at least one
and abgsstoiinsf lubricaiing eileddityy¢bjhnessisforcaonpiningaa prediction ofratting a
least one lubricating oil composition property-determining test result for :
desiregh&yhgbHsbamg il eonsbsiidhe andas)amedny itntisamb aidiidcdesedrapghe total
lubricating oil composition. [0009] According to a third aspect, there is
weight ol ided ebasmtipatetprorpeniteyiaad reptiaBmlny B YRRehM e tifgibtpe property
embodying a program of instructions executable by the machine to
associgisdoMifingtrb PEB5s Fbr e @AM §RA BN RN BB pagiesivhdiihgrsans for
least one hase oil of lubricating viscosity and at least one lubricating oil. .
compuing:d @ e IBRE d'stedst CSnRISAENE IntRIRRNSIHRB BrEBRRTSIoRUpng test
device an amount of each of the at least one lubricating oil additive,
result Qe the PR ERE g R BRI Wri Bt b eSS B gt Gaslyor the
a value of at least one property associated with each of the at least one

iubrithég% %ill GGmposItion.

[0009] According to a third aspect, there is provided a computer program device
readable by a machine, tangibly embodying a program of instructions executable by the
machine to perform method steps for screening a lubricating oil composition having at least
one base oil of lubricating viscosity and at least one lubricating oil additive, 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 o1l composition; and (¢) computing a cost

for the lubricating oil composition.



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.

3 BRIEF DESCRIPTION OF THE DRAWINGS 10010] Various

embodiments are described below with reference to the drawings, in

which: [0011] Figure 1 is an exemplary worksheet illustrating a

hypothetical lubricating oil composition and predicted test results and a

calculated cost; [00121 Figure 2 is a worksheet of an exemplary linear

regression model for predicting a deposit test for the hypothetical
plericaing-Qilrcomrasitionseitarth i digure | according to a first deposit

test result for the hypothetical lubricating oil composition set forth in Figure
[do@gcordinga,anemivedimeant efdheserpsendnventian: [BQASLiFigukiags, in

a worksheet of an exemplary linear regression model for predicting an
whxidation test result for the hypothetical lubricating oil composition set

forth in Figure | according to an embodiment of the present invention;
(00141 Figumedes & wotksheeirohaniekesnlasyrdinens hegedssion modelting oil

for predicting a wear test result for the hypothetical lubricating oil
copmpasitian et dditirdneFigemerd aat eardindptodarvembodiment of the

present invention; 100151 Figure 5 is a worksheet of an exemplary linear
[segression rigued fos prediktingt afseconthabppdittestagsedifompre! for predicting

hypothetical lubricating oil composition set forth in Figure
a deposit test for the hypothetical lubricating oil composition set forth in Figure I according to

a first deposit test result for the hypothetical tubricating oil composition set forth in Figure 1
according to an embodiment of the present invention;

[6013] 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;

{0614} Figure 4 is a worksheet of an exemplary linear regression model for predicting ‘
a wear test result for the hypothetical Jubricating oil composition set forth in Figure |
according to an embodiment of the present invention;

{6615] Figure 5 is a worksheet of an exemplary linear regression model for predicting
a second deposit test result for the hypothetical Jubricating oil composition set forth in Figure
| 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



| according to an embodiment of the present invention; [00161 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 4 [0017] Figure 7
is a simplified block diagram illustrating an embodiment of the present
invention. DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT(S) [0018] The present invention is directed to a system
and method for screening a lubricating oil composition comprising at least
one base oil of lubricating viscosity and at least one lubricating oil additive
[BYyiptedicting iatitedst anantpbficdting:bill campositior propesiytdeiarmininge
test result for the composition while also being able to calculate its cost.
piceotdinghyiathe amount of manual effort used in preparing and testing
such lubricating oil compositions is substantially reduced and is replaced
by rapid, effective and reliable test predictions and cost calculations
thereby resulting in a]vast number of diverse compositions that can be

O eI TR

compositions. [0019] To illustrate the system and method of the present
{HShtion, arl bkarisrir koREHe 8tregedsalfustradiid Mighed forAsreening a
shown in Figure 1, worksheet 100 has cells which correspond to columns
IADHHA TG B SOMPPOTNEN TRFRIGHTZA deastiuivibreal CbaS v séingerisneaioe pnd at
referred to by column and row respectively, For example, a cell located in

leiLitAR RrIGPE, Wi e aerticas e all pes nrdnksitera 08 eormrsidon
hypothetical lubricating oil . )
property-aetermining test Fesult for the composition whiie also being able to calculate its cost.
Accordingly, the amount of manual effort used in preparing and testing such lubricating oil
compositions is substantially reduced and is replaced by rapid, effective and reliable test
predictions and cost calculations thereby resulting in a vast number of diverse compositions
that can be timely evaluated and characterized to identify leading lubricating oi} compositions.
6619} To illustrate the system and method of the present invention, an exemplary
worksheet 100 is ijlustrated 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
hereinafter referred to by column and row respectively. For exampie, a cell located in column
A, row 1, will be referred to as cell A1, Worksheet 100 shows a hypothetical jubricating oil
composition containing a tubricating oil additive package 102 having lubricating oil additives
1-12 (located in celis A2-A 13, respectively), properties of a representative base oil of

lubricating viscosity 104, e.g., saturate content, sulfur content, kinematic viscosity measured

at 100°C (c51) {located in cells A15-A17, respectively), lubricating oil composition property-

L



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 100C
(cSt) (located in cells A 15-A17, respectively), lubricating oil composition
property 5 determining tests 106 (located in cells A19-A22, respectively)
and the net average total cost (NATC) 108 for the composition (located in
cell A24). [0020] The lubricating oil composition property-determining tests
106 include, for example, a first deposit test (deposit test 1) 106DT1, an

de¢idatian dest 1Q60d:Awansdesh DOV rand-asecond depasitiesige ol cost
106DT2. The corresponding amount 112 of each of the additives 1-12 in

Nhg tubricatinghoil aaditiveopankags 102-andthe corresponding values of
the properties 114 associated with the representative base oil of

[olednicating UiseasityciOdeare setpfattivinpegiia B2id S andrgeltstB 156 B Fyde, for
respectively. As one skilled in the art would readily appreciate, the
exanpdeningrardounitat theldpbsicatind) il ebipesitiani éoutsick Dfdhad, a wear test
additives 1-12) can correspond to one or more base oils and the like
1 06iNich aré pregent dagbet ©om PoBTTidn TAdditiorsaliyy neativtent teist eésedtsof the
calculated with reference to, for example, Figures 2-5, which will be
adigseribedhiertinbsiomtaecd sddistedrtioelis 182 9n2tin carseriatitg Witkes of the
each test 106. If performed in a worksheet application, predicted test
preysutied | BRTP(vtatedintbeleneseaftigurase pdorhybed frany iggesity 104 are set
worksheet for a lubricating oil composition property-determining test, such
foaith thveedls n! naribeirds B hdd] B drkedvithe\ srespelive (cem positiBlgeadily
in column B of worksheet 100 (Figure 1), and is associated with .
appreciate, the remaining amount of the lubricating oil composition {outside of the additives
1-12) can correspond to one or more base oils and the like which are present in the
composition. Additionally, predicted test results calculated with reference to, for example,
Figures 2-5, which will be described hereinbelow, are also listed in cells B19-22 in
association with each test 106. If performed in a worksheet application, predicted test result
110DT1 (located in cell A13 of Figure 2) computed from the worksheet for a lubricating ol
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.

(0621} For example, the individual predicted test result 110DT] shown in Figure 2
corresponds to 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

106WT1 and the second deposit test 106DT2) can be linked to the respective tests 106 as



each respective test 106. [0021] For example, the individual predicted test

result I  ODTI shown in Figure 2 corresponds to the predicted test result

for the first deposit test I06DTI shown in cell B19 of worksheet 100

(Figure 1). Likewise, the predicted test results for other lubricating oll

composition property-determining tests (e.g., the oxidation test 1060T1,

the wear test I06WTI and the second deposit test I06DT2) can be linked

to the respective tests 106 as 6 illustrated in Figure 1. If desired, target

values for the lubricating oil composition property- determining tests can

be listed in cells C19-22 (Figure 1). These targets can be any value that
illageqedredl g.ge anlintlysty, ar grigislabengine: Manuiaatusarc{@ipb)iion property-

specification, or desired such as one from a customer so that the user
deamevalpatethengredictddriesti yéSItES) Gighe: hypDibeticalduhrieating oibalue that

composition with the desired target value. Finally, the calculated cost 116
iforqinecypotheticeluubricating eil cormpositiofasskoWitn cglb884a0bn, or desired

worksheet 100 and will be described hereinbelow. 100221 In a first step
sefithe method of thepresemdhiiention covorkshiest theQrédiathérst resuit(s) of the

guantitative arrangement) is formed containing cells for at least one
hinotlieathag ol gtinivell toPrsdiar lwibtibnddsisd ilcof tabrcdlinglyisbesaiculated

104 and cells for the respective amount of each of the at least one
chsbfitafivigibilhaaditiveca D isg s velscforrhai ro pestiesmsedidiad ofvirkarksheet

the at least one base oil of lubricating viscosity 104. The varying amounts
180 e el pecisver hadibvaiebrfivnents and varying values for the
[ %o erties associated with the at least one base oil of Iubricating viscosity

% Compgéﬁigﬁtrﬁtéﬁ' Wéfiﬁﬁﬁﬁf@ﬁ? @f@%}’erﬂ%@gmy’vention, worksheet 100 {or other

quantitative arrangement) is formed containing cells for at least one lubricating oil additive
102 and at least one base ot} of lubricating viscosity 104 and cells for the respective amount of
each of the at least one lubricating oil additive 102 and values for the properties associated
with the at least one base il of lubricating viscosity 104, The varying amounts of the
respective additive components and varying values for the properties associated with the at
least one base o1l 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,

[0023] Generally, the lubricating oil compositions for use in the method of the present
invention include a major amount of at least one base oii of lubricating viscosity, e.g., an
amount of greater than 50 wt. %, preferably greater than about 70 wt. %, more preferably
from about 80 te 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 lubricating oil

additive. The expression “base 0il” as used herein shall be understood to mean a base stock



into the respective cells associated with the at least one lubricating oll
additive 102 and the at least one base oil of lubricating viscosity 104.
100231 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
lubricating oil additive. The expression "base oil" as used herein shall be
ortrleledsiopekiaimkanbidose stbokafianblpndeof hase stodksewhichsisge
lubricant component that is produced by a single manufacturer to the
msaniecspecifichtionsy ipdependent offgeat sourctiardmanufacturensiclurer's
location) that meets the same manufacturer's specification, and that is
loideintifielh by ecuniiguemiormauidagivodisctpice ntificetion hibaibe ratibethb Thenique
base oil(s) for use herein can be any presently known or later-discovered
fdvaséaojirofiiubricatifigaliscosinpersed intforifulduagcilibrieatsyheikin can be any
compositions for any and all applications, e.g., engine oils, marine cylinder
puiendndfomstonaEfidisrrseicn Besnodraliid onal rarisrRRSichcubD e ating
Additionally, the base oils for use herein can optionally contain viscosity
IyhdestingpiovenpasiBorp s ARVARTIHIN tates: SlERi6iEopsniTers inder
e.g., an ethylene-propylene copolymer or a styrene- butadiene copolymer;
oHndHd N 2l kLT thdredri600le1 RE BHesaIBddh e Atdirdeng!!y. the
readily appreciate, the viscosity of the base oil is dependent upon the

DA RS SA BRI PRI VSR D BB B8 B Hefemémiclymeric

alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene copoiymer or a styrene-
butadiene copolymer; and the like and mixtures thereof.

[6624] As one skilled in the art would readily appreciate, the viscosity of the base oil
is dependent upon the application. Accordingly, the viscosity of a base oil for use herein will
ordinarily range from about 2 to about 2000 centistokes (cSt) at 100° Centigrade (C).
Generaily, 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., a lubricating oil composition having an SAE Viscosity Grade of OW, 0W-20, 0W.-30,
OW-40, OW-50, 0W-60, SW, 5W-20, SW-30, SW-40, SW-50, 5W-60, 10W, 10W-20, 10W-
30, 1O0W-40, 1OW-50, 15W, 15W-20, 15W-30, 1SW-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.



ordinarily range from about 2 to about 2000 centistokes (cSt) at 100
Centigrade (C). Generally, the individual base oils used as engine oils will
have a kinematic viscosity range at 100C of about 2 cSt to about 30 cSt,
preferably about 3 ¢St to about 16 cSt, and most preferably about 4 cSt 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., a lubricating oil composition having an SAE Viscosity
Grade of OW, OW-20, OW-30, OW-40, OW-50, OW-60, 5W,
5W-20,5W-30, 5W-40, 5W-50,5W-60, IOW, IOW-20, IOW- 30, IOW-40,
[OHDBY-50, 15%458 SWR0NE B\W- 80 1 B4R 2OME B0 2SAE G0 SAEM Oranchses
the like. Oils used as gear oils can have viscosities ranging from about 2
incBitingabout 2000 cSiatd E00C 8. [8025] Bdse stotkd raay ibecessing,
manufactured using a variety of different processes including, but not
olipahedizeti distigridsatolvent refilingehythsduxhiosessialgbe substantially free
oligomerization, esterification, and rerefining. Rerefined stock shall be
franbeeptiaiyfried veshinFREeS TR S G hIOTTH R rUTaURAg Lse. The base
contamination, or previous use. The base oil of the lubricating oil )
oot SMHRATBERISSAREALIGATH AL BIE BNG ikt rad o PSR shasriyatingc
base oil. Suitable hydrocarbon synthetic oils include, but are not limited to,
s ap g @ ot AR p SKATRSAREROT Bh ety R & elufie fvfrge ot fimited to, oils
polymerization of 1-olefins tcc)mprovide polymers such as polyalphaolefin or

PR OASBH AR HYAHEEHRSSH SPRIARSR ¥b?sz;aﬁm@§fu%w@ EarBbh-oletins to
SRR a0 rcoen e Bich o I FeneL g e, o

ptgaclg -L?I’réé‘» Eégri?glgzglr%bn monoxide and hydrogen gases such as in a Fisher-Tropsch process.
For example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,
if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C.

[0026] 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 siack wax, as well as hydrocracked base stocks produced by hydrocracking
(rather than solvent extracting) the aromatic and polar components of the crude. Suitable base
oils include those in ail APl categories I, I, [11, IV and V as defined in API Publication 1509,
14th Edition, Addendum [, Dec. 1998, Group IV base oils are polyalphaclefins (PAO).
Group V base oils include all other base oils not included in Group I, 11, ItI, or IV. Although
Group 11, Il and 1V base oils are preferred for use in this invention, these preferred base oils
may be prepared by combining one or more of Group 1, 11, I}, IV and V base stocks or base

oils.



if any, lube oil fraction of viscosity 20 cSt or higher at 100C. [0026] 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 oils
include those in all API categories I, I, 11, IV and V as defined in API
Publication 1509, 14th Edition, Addendum 1, Dec. 1998. Group IV base
oils are polyalphaolefins (PAO). Group V base oils include all other base

[Ritg ot includem indanaupils thelld OmiNeAlthowgh i f2reupsith 1k atad d¥ample, liquid
base oils are preferred for use in this invention, these preferred base oils

piBkRe pireparec byreqrmbiningianated moke Of (brapidg d11s bl ihel Wasaitnie,
base stocks or base oils. 9 [0027] Useful natural oils include mineral
nighticating eilssuchdsnfonexanyple Higeith petkoletdiroits csalveptdkeatedhal oils,
or acid-treated mineral lubricating oils of the paraffinic, naphthenic or
vepixedpataffinicmaplutiienis, types, dilsadetrdd fioamd oiad bkshale, animal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the
[9ika81[0028] Usdfillssytittatit: hulsricaging soits lintiude, dputaré motdimitedtitogarbon
hydrocarbon oils and halo-substituted hydrocarbon oils such as
opelyrhbaipeth Eatduintehpotypadrived lpkefihgs podypolkaslaglemegpolymerized olefins,
polypropylenes, propylene-isobutylene copolymers, chlorinated
epolpblyuedes:sppiyprapXenes pippiglottebiesicpotpicldesshes)oariahe
like and mixtures thereof; alkylbenzenes such as dodecylbenzenes,

p@}@@@@pﬁgepgléﬂegpmﬁﬁ')yggéy{géﬁé@,eg}(@p]y(] -decenes), and the like and mixtures

thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di{2-
ethylhexyl)-benzenes, and the iike; polyphenyls such as biphenyls, terphenyls, alkylated
polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl sulfides and the
derivative, analogs and homologs thereof and the like.

[0029] Other useful synthetic iubricating oils include, but are not limited to, oils made
by polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butyienes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are well
known to those skilled in the art.

(60301 Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cq to Cy; alpha olefins such as, for example, 1-decene
trimer.

[00631] Another class of useful synthetic tubricating oils include, but are not limited to,

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



ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls,

terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers

and alkylated diphenyl sulfides and the derivative, analogs and homologs

thereof and the like. [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
thheprnape hyidoesityrdaspéeial lycosefut Symttsti conydragach encoifz arenthe

hydrogenated liquid oligomers of C6 to C12 alpha olefins such as, for
edxeaimpieot -déeenei itimex 008 lifAnpthe pdags pirad dfubigymnpobticerization of

lubricating oils include, but are not limited to, alkylene oxide polymers,
cilerieho ooty miers inteppolyniier s/ lan ddepivativeshthe ré dfiovhpegy 40 thigy fene

terminal hydroxyl groups have been modified by, for example,
Pébt@ﬁfﬁ:@ti@nf“@?théth@ﬁtﬁ@&PI@HEWS%ﬁ@wé}@&m@iﬁe@d&y thelasitgar weight of

epared through polymerization of ethylene oxide or propylene oxide,
tH afiiphamd phersl Btheis demnabeponsimidgielesgolyraisfe §; 1000, diethy!
met | poly pro ylene glycol ether having an average molecular weight of
Og ROYREHIS ‘"’@tﬁ@i‘@ Pty R lcitiElving 0 kbleztflarweRgeefo- and

500 1000, diethyl ether of polypropylene glycol having a molecular weight
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for example, the ace dtg esters mixed C3-C8 fatty acid
esters, or the C130x0 acid diester o tetrdcthylene glycoll

10032] Yet another class of useful synthetic tubricating oils include, but are not limited
to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl] succinic acids,
atkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alky] malonic acids, alkenyl malonic acids,
etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcehol, dodecyt aleohol, 2-
ethylhexyl alcohol, ethylene glycol, diethylene glyco! monoether, propylene giycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethythexyl)sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the complex ester
formed by reacting one mole of sebacic acid with two moles of tetraethyiene glycol and two
moles of 2-ethylhexanoic acid and the like,

|00G33] Esters useful as synthetic oils also include, but are not limited to, those made

from carboxylic acids having from about § to about 12 carbon atoms with alcohols

, .8,



esters, or the C13o0xo acid diester oftetraethylene glycol. [00321 Yet

another class of useful synthetic lubricating oils include, but are not limited

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 dimer, malonic

acids, alkyl malonic acids, alkenyl malonic acids, etc., with a variety of

alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2- ethylhexyl

alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol,

etc. Specific examples of these esters include dibutyl adipate,
métitanethylihexy)sebachids dixtfhexyl cthmaraté, diocty}sebabatd, dirsoheipl

azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl
prephacateittheBrathydieoth digsteobfitipeisicadididimed, theldomplex ester

formed by reacting one mole of sebacic acid with two moles of
[ofddethylerfél glycbradd tlwourholedwfexenmthpxanbic asie yand tH edkoxy- or

10033) Esters useful as synthetic oils also include, but are not limited to,
pthaese maddofromotarbuksiisseieidsheminy o abous st Qs B2éhon

atoms with alcohols, e.g., 11 methanol, ethanol, etc., polyols and polyol
lubtirsténgwch- aSpaeibisntyn el hessatier- I8 panROERtSE Rty ! siticate,

dipentaerythritol, tripentaerythritol, and the like. [00341 Silicon-based oils
tegiachons; fo ehemspletrpdiyaiRyibesul slAet s ko ey -hexyDsilicate, tetra-(p-

polyaryloxy-siloxane oils and silicate oils, comprise another useful class of
tesyh ﬁéewﬁﬁ@&ﬁﬁg}t?Ffé’,‘é‘dp'é?ﬁﬂbyin:%fﬁ‘b‘@’s}’éigiH8%@‘%8!%}%1@?68%’1&?@}%‘8{‘“>

limited to, tetraethyl silicate, tetra. |so§)técipyl sﬂ&g:ea{tgéet&r? r(I%heth)flhexy

| .
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include, but are not limited to, tiquid esters of phosphorous containing acids, e.g., iricresyl
phosphate, trioctyl phosphate, diethyl ester of decane phesphionic acid, etc., polymeric
tetrahydrofurans and the like.

{0035} The jubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type 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 fusther 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

distitlation, acid or base extraction, filtration, percolation, hydrotreating, dewaxing, etc.



tert-butylphenyl)silicate, hexyl-(4-mnethyl-2-pentoxy)disiloxane,

poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet

other useful synthetic lubricating oils include, but are not limited to, liquid

esters of phosphorous containing acids, e.g., tricresyl phosphate, trioctyl

phosphate, diethyl ester of decane phosphionic acid, etc., polymeric

teirahydrofurans and the like. [0035] The lubricating oil may be derived

from unrefined, refined and rerefined oils, either natural, synthetic or

mixtures of two or more of any of these of the type disclosed

hereinabove. Unrefined oils are those obtained directly from a natural or
Rsyrithetio:sourcebifengd lwoakasihgleswor dds sapdsdsiermien)avithtusfurtbdro obtain

purification or treatment. Examples of unrefined oils include, but are not
rdimitédite, Swshalodinobtalnet: diredthy roms nstdrting operatiorsgdoils and often are

petroleum oil obtained directly from distillation or an ester oil obtained
adideny! fromcarrabberifickrianeprbtwss] satinel Wit i thddissdwithbbteakdown

further treatment. Refined oils are similar to the unrefined oils except they
pr#léBeen further treated in one or more purification steps to improve one

or more properties. These purification techniques are known to those of
[Udfin the aFRRGARBIRIED 16T EREM BRI SOINEHE dxtintio e mstaHamaf wax may

distillation, acid or base extraction, filtration, percolation, hydrotreating,
aHeWaxieg; Biken dl s iReqBheaiaronitinbe By teitiny iaeeding fynthetic base

rocesses similar to those used to obtain refined. oils. Such rerefined oils

SR HISE Kh o skt Brrlisre bastsd sie shtrgtiah gref natural or synthetic

additionally processed by techniques directed to removal of spent
GRS AT L b ARSOaRT o on Ceta et

[00371 Natural waxes are typically the slack waxes recovered by the solvent dewaxing
of mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch
process.

[0038] The lubricating oil additive(s) for use in the lubricating compositions can be
any presently known or later-discovered additive used in formulating lubricating oil
compositions. The fubricating oil addituives 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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[0036] Lubricating oil base stocks derived from the hydroisomerization of
wax may also be used, either alone or in combination with the aforesaid
natural and/or synthetic base stocks. Such wax isomerate oil is produced
by the hydroisomerization of natural or synthetic waxes or mixtures
thereof over a hydroisomerization catalyst. [0037] Natural waxes are
typically the slack waxes recovered by the solvent dewaxing of mineral
oils; synthetic waxes are typically the wax produced by the
Fischer-Tropsch process. [0038] The lubricating oil additive(s) for use in
the lubricating compositions can be any presently known or
1olger-discoverechaghditivehusetstien fornuilatidg iigsicatingdikr compositiohisnt oil to
The lubricating oil additives for use herein include, but are not limited to,
foantipxidantse anticwearcadginrts, detergents suchl asnietaktsstgomsarogt 90 wt. %
inhibitors, dehazing agents, demulsifying agents, metal deactivating
toagents, (frictibhambuifiershigdurmpelmutddprdsSantsbantif6arnifiy algeptyient oil and
co-solvents, package compatibilisers, corrosion-inhibitors, ashless ‘
froispbrsantspdyesoekrerie wreksmrelagehtsantaanike Hnderithakresd0 wi. %, of
thereof. Greases will require the addition of appropriate thickeners. A
thediietgonizhe dideitives atebimaineaindorcompeBremRisaTRBRarasd diluent,
additives, or their analogous compounds, can be employed for the
pisfepsatiorp e inEng YasAsAYiRgBitbdRigemBIs hRtsini s dtvabd
Alternatively, the lubricating oil additive(s) can further contain a diluent oil
hege Y Wn SIS CORRER R E Y s therrsed B&RLIRPRG Gt iaPrepare
least from about 90 wt. %_to about 10 wt. % and Prefe%ably Hom %boug 90
bt o ing QHWW@%‘, Bflléammlé;m%ﬁtgﬁom]s that may be used as diluents can be any

oil of lubricating viscosity.

[6040] Examptes of antioxidants for use as additives include, but are not limited to,
aminic types, e.g., diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(atkylphenyt) amines;
and alkylated phenylene-diamines; phenolics such as, for example, BHT, sterically hindered
alky! phenols such as 2,6-di-tert-butyiphenol, 2,6-di-tert-butyi-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 tike and mixtures thereof.

[0041] Examples of antiwear agents for use as additives include, but are not limited to,
zinc dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an
article by Born et al. entitled "Relationship between Chemical Structure and Effectiveness of
Some Metatlic Dialkyl- and Diaryl-dithiophosphates in Different Lubricated Mechanisms",
appearing in Lubrication Science 4-2 Januvary 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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from about 10 wt. % to about 90 wt. %, preferably from about 10 wt, % to
about 50 wt. %, of the foregoing additive(s). Suitable diluents for the
concentrates include any inert diluent, preferably an oil of lubricating
viscosity such as, for example, a base oil as described hereinbelow, so
that the concentrate may be readily mixed with lubricating oils to prepare
lubricating oil compositions. Suitable lubricating oils that may be used as
diluents can be any oil of lubricating viscosity. 100401 Examples of
antioxidants for use as additives include, but are not limited to, aminic

pes e.g., diphenylamine, phenyl-alpha-napthyl-amine,
4R di(alkyforem)§sathils é%geéiﬁjy%{l%ﬁ%%éé%&%mé‘ﬁé“dﬁaﬁﬂhé? e to,

such as, for example, BHT, sterically hindered alkyl phenols such as
OB Bﬂi&?ﬁéﬁéﬁb%eﬁt%sa? tert IR GeISBIAd 256- Hiosringtlgyaom alkyl
4-(2-octyl-3-propanaic) phenol; sulfur-containing materials, e.qg., sulfurized
bfaan?saaﬁ B5tps %M&rfﬁé’lﬁme%ﬁaa}ﬁm%s%%#ﬂ@a?df@é%i]o gaﬂ%ﬁifés%&

an we ents for use dldltlves include, enot limited to, zinc
oA No SHALES i AHE araTaFrorRbSphaTe S% fpggonales, fonic

scribed in an,.articl Born taI |tled 'R at| nshi
%%%%Sa?@t%ﬁctﬁe aﬁyéf B S s e e picatiy heve
a] otE )%a(sjéthlo %% lef%rer}tq_ ubrlca e%o hr%?cr rQ}S ﬁoarﬁ %al’lélgb o about

rication C|enc anuary re ampe pages 8

28l RNOR ?fs tedsn?F’%Ql E’Di?c? 'Eétsegnﬁjh'é‘iﬂr ‘%%‘et%!i“ Jhat ahpweﬁﬁ( Osﬁj?"é‘%éthe art.

compoun metal or ash- locar amates xanthates, a

(ﬂﬁg the Ilke}:%q,‘wtw ﬁ?stthrﬂ{%ﬂfmy}?[ro&) %%] '%éﬁﬂ“%?%@ u(agt%{g%[‘]et%g?qimsted to,

use as additives include, but are not limite

nonionic pelyoxyalkylene agents, e.g., polyoxyethylene Jauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethyiene octvipheny! ether,
polyoxyethylene octyl stearyl ether, polyoxyethyiene oleyl ether, polyoxyethyiene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;
steanic actd 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} alkeny! succinic acids; partial esters thereof and nitrogen-containing
derivatives thereof; synthetic alkarylsulfonates, e.g., metal dinonyinaphthalene suifonates; 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



overbased or neutral detergents such as sulfonate detergents, e.g., those
made from alkyl benzene and fuming sulfuric acid; phenates (high
overbased or low overbased), high overbased phenate stearates,
phenolates, salicylates, phosphonates, thiophosphonates, ionic
surfactants and the like and mixtures thereof. Low overbased metal
sulfonates typically have a total base number (TBN) of from about O to
about 30 and preferably from about 10 to about 25. Low overbased metal
sulfonates and neutral metal sulfonates are well known in the art. [0043]
Examples of rust inhibitors for use as additives include, but are not limited
oliainaokianic palyoxyaikglenef agerits Cesgprpetyolyyethylene:lauryrethercferably a
polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
Cpuolybxyethyiede vetyiphe nyt ettreropolyoxyatmpeysl oclsdtstelop Etharoup
polyoxyethylene oleyl ether, polyoxyethylene sorhitol monostearate,
cpolyoxy ethybene sotbiloimabuoeleates.angl. poiyethyidregipdomonivoisate:;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty _
1R drifinglehivbaraelsl 208s bt FEEOYSAifIHE heia ranardafduiaferaesg herein,
ester of polyhydric alcohol; phosphoric esters; (short-chain) alkenyl
arg Brsihilec Aerdl 81 ipasalktsys thereof and nitrogen-containing derivatives
thereof; synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene o
[W#dnates; Bridnis RkadHerminerethéresic pouf Eraipidcob Higtioppt limited
modifiers for use as additives include, but are not limited to, alkoxylated.
et} APATA &5 AT TS RS A SR 08N palthy? PROSH Rite atty POk @}%&WWS
amines, borated alkoxylated fatty amines, metal salts of fatty acids, fatty
{}ﬁiﬁ?&famides, glycerol esters, borated glycerol esters; and fatty

imidazolines as disclosed in U,S. Patent No. 6,372,696, the contents of . .
(AR e aTB B TGNy B AR ARCRATA o Lt e ot i

to, polyalkylene succinic anhydrides; non-nitrogen containing derivatives of a polyalkylene
succinic anhydride; a basic nitrogen compound selected from the group consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl polyamines,
Mannich bases, phosphonoamides, thiophosphonamides and phosphoramides; thiazoles, €.g.,
2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and derivatives thereof; triazoles,
e.g., alkyltriazoles and benzotriazoies; 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 alkyl 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 polvalkylene succinic anhydrides with polyalkylene polyamine.
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15 obtained from a reaction product of a C4 to C75, preferably a C6 to
C24, and most preferably a C6 to C20 fatty acid ester and a
nitrogen-containing compound selected from the group consisting of
ammonia, and an alkanolamine, 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 mixtures thereof. [0045] Examples
of antifoaming agents for use as additives include, but are not limited to,
polymers of alkyl methacrylate; polymers of dimethylsilicone and the like
and mixtures thereof. [0046] Examples of ashless dispersants for use as
[0addjtives indldderddupare rdblimitedn tohpelyalikylendsucciniodahiyarides;
non-nitrogen containing derivatives of a polyalkylene succinic anhydride;
luarbasieenittoden vompourdeseieiviadftorn the growpitonsistipg.df can be
succinimides, carboxylic acid amides, hydrocarbyl monoamines,
achydiegsarsyiopoiydiminescaviahmietr bag e pphvsph enoamitésior use in the
thiophosphonamides and phosphoramides; thiazoles, e.g.,
compodirebsto 2 ulaipigide sis it cab fdberzetHioley aryide potential
derivatives thereof;triazoles, e.g., alkyltriazoles and benzotriazoles; )
1eé%ﬁ@élwﬁé@%%ﬁ%ﬁ&ﬁ-ﬁéﬁrﬁ@@@%&é%ﬂw eRELRF GG A HitBlvaRe such
polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
fagogstie TIKe @D HroBtEe hE by | EBB b PRI AR o RSHE BRBIFT
alkyl acrylates or methacrylates with monomers of the above function;
heHARPRY I =it ARG RSTHEIEEY. ThiS BRATARES oTthesRedigpirsspityare such

e.g, borated dispersants such as borated succinimides, may. alsg be. .
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[J&%gi Next, the lubricating oil compositions are subjected to at least one fubricating
oil composition property-determining test. The term “lubricating oil composition property-
determining test™ as used herein shall be understood to mean a lubricating oil composition test
designed to analyze a lubricating 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 tike.

{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 Oi} 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, e.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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animation of polyalkylene succinic anhydrides with polyalkylene
polyamine. 16 [0047] If desired, prior to formulating the at least one base
oil and at least one lubricating oil additive to provide the lubricating oil
compositions herein, it can be advantageous to conduct molecular
modeling of proposed compounds for use in the compositions (i.e.,
formulations) to determine which compounds may provide potential
leading candidate compositions. For example, calculations can be carried
out involving such factors as, for example, transition states, bond lengths,
bond angles, dipole moment, hydrophobicity, etc, of the compounds. This
[0640) be carfiegreuhusing daavsnsoftwairevsuichroas;fonexanapleyQuanturar
Mechanics available from Accelrys (San Diego, California). [0048] Next,
stdbigdubroatingoil compositiens @relsebjected:itoast, leastione/tubreatifigicoit data
composition property-determining test. The term "lubricating oil
an@QRRANSGIt TR 91 dpedtyerdeténminingesttas usedikeleinshalbexireme-pressure
understood to mean a lubricating oil composition test designed to analyze
walubricatingodijrcompositionsforcarprope e orickaradatistica g fecst suheh ' M
used, for example, in an internal combustion engine or as a hydraulic fluid,
WikaHSmiskionThaldTop tretmethos.qn CoxiviaitionvBrabifith: properties, aaftivelie. A
properties, deposit formation properties, viscosity, and the like. [0049]
vaRepreSentat/eakarmples RICOXEEH 61 SBOIm e saeing &skuand are
are not limited to, oxidation consumption data, deposit data, viscosity
withia [fetouTesting metHodrd forlfetErniivisgasupis-meadinambies &t ctopnd Four-
example, a Lube Oil Oxidator test method, a Komatsu Hot Tube test
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hydrodynamic and corrosive wear tests either individually or in combination. An extreme-
pressure wear test is associated with a situation where the Jubricating oil composition has
been squeezed out of, for example, an engine, leaving only a non-fluid film of anti-wear
additive of the tested composition that has been chemically bonded to the interacting engine
surfaces. For example, an extreme wear condition occurs between the piston ring and
cytinder 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 fitm is retained
between the interacting surfaces. Typically, a hydrodynamic lubricant condition occurs in an
internal combustion engine between the piston rings and cylinder wall when the piston s in

stiding motion during the stroke.



D 4742), a Sequence IlIG test method, e.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. 17

[0050] Representative examples of anti-wear property measurements, i.e.,

wear stability, include, but are not limited to, adhesive wear data,

abrasive wear data, fatigue data and the like. Tests for determining such

measurements are, for example, extreme-pressure wear tests,

hydrodynamic wear tests, corrosive wear tests, a Sequence IVA, e.g.,

ASTM WK4485-04, a Mack TI 0 test method, a Cummins Ml | EGR test
[0f&Xhod and-théilike cArrvarietycof testingangohinieseaor hpparbtuséthalebricating oil

known to carry out the foregoing tests and are within the purview of one
cokifiegtiontiepaste & o ceixagrisien TestRis dnoh\raetBiotkoardi Foerr iBalitast The

assemblies, respectively, each are capable of performing the extreme
lapressarde oy Hamicnantaeopobive weasissdieithdrandididivalyf epirponents

combination. An extreme- pressure wear test is associated with a situation
invhefesite hbnedtintedicontosiiornhas cHeemaetiterctitoun diefese where sulfur

example, an engine, leaving only a non-fluid film of anti-wear additive of
g?ﬁé@é@té@@&ﬁ]ﬁd@ition that has been chemically bonded to the interacting

engine surfaces. For example, an extreme wear condition occurs o
deen thel PREESH Hiy St B m Q& Fona i A MR SRermaasinbtstimining

engine when the piston reaches the upper dead .center and is subjected
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PR D010 Siding ot (0081 & IVSOQIATIE 15445 ASR9NRY s
test method, Wolf Strip Test (e.g., DIN 51392), a Thermo-Oxidation Engine Oil Simulation
Test (TEOST) MHT-4 and TEOST 33, a Sequence [11G test method, e.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.

{0054} To achieve the goais 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 ubricating oil
compositions to determine compliance of these compositions according to, for example,
industry or OEM specifications or a customer’s requirement. For example, a customer may
need compliance with present industry standards, e.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 formuliation of the lubricating oil compositions,

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

lubricating oil composition property-determining tests and lubricating oil composition



compositions to prevent wear under conditions wherein a fluid lubricant
filmis retained between the interacting surfaces. Typically, a
hydrodynamic lubricant condition occurs in an internal combustion engine
between the piston rings and cylinder wall when the piston is in sliding
motion during the stroke. 18 [0052] Finally, a corrosive wear test is
designed to test the ability of the lubricating oil composition to protect the
interacting surfaces from wear in a corrosive environment. The latter may
be observed in an internal combustion engine due to the oxidation of
components in the fuel to be combusted or in the lubricating oil

rGOMBAsHion &gl G SasgNhere SUILE, 0RRREAIRR.UIIGARGIE: limited o,
100531 Representative examples of deposit formation testing methods for

nﬁ&aﬁe{%g%@é@ﬁn%m@ig fsmnatioRIMe astHIS QNS 1§16 lkde RUG @ ARt AINEE modeis
to, a Coking tendency test (e.g., Federal Test Method Standard 3462-79

ahAdRangl cokentertmethod))cadliomatsmHat Tsheo nstimethodwaking oil
Strip Test (e.g., DIN 51392), a Thermo-Oxidation Engine Oil Simulation

JBpbTEOS I MHATArandi TESSE I, aSequenset G testinethod] edgposition
ASTM WK4452, and the like. A variety of testing machines or
wRpparaltiEes Ane knevemidacaroymuihthe Joregeing testeaing ateowitisithe, ic.,
purview of one skilled in the art. [00541 To achieve the goals of the
bmethadnefttkeeigisent snvenitahs addoptimizimgprerethdd fosingtanal values of the
optimizer) for integrating the following components will be described. One
baseao lpmapitytiof thiehfobegoimgpfdstsiarergartiedsont! 6f thehforegoihty and 114,
lubricating oil compositions to determine compliance of these
reprIpositionsapoordimyto) Horeedeapnibiad with reference to Figure 2.
[0656] Linear regression models, as exemplified in Figures 2-5, are developed from
the inputted datasets of the results of the foregoing lubricating oil composition property-
determining tests using at least two lubricating oil compositions. The datasets generally may
contain about 2 to about 100 test results using different formulations. In theory, a linear
regressfon model can be developed from as few as about 2 tests. For bench tests, however,
the datasets are often larger and can range from about 4 to about 10,000 test results and
preferably from about 4 to about 1,000 test resuits.
{0057} 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 §, respectively
are derived using a linear regression 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 106DTH, i.e, Prediction, gor. is set forth below in Equation 1.
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industry or OEM specifications or a customer's requirement. For example,
a customer may need compliance with present industry standards, e.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 lubricating oil compositions.
[0055] A mathematical calculation is then carried out on the inputted data
from the lubricating oil composition property-determining tests and
lubricating oil composition 19 formulation. Examples of such mathematical
calculations include, but are not limited to, linear regression analysis
L ural network analysis models, quadratic analysis models and
L@e The mathe tlcal calcul é} ns allow the user to predict an

@Bﬂ%‘oﬁ?ﬁ? E%%%‘rb“ﬁ% &terttining E‘Yééuﬂ%§& 0™ 0.01 +

Wlth that lubricating oil compositioxnddidress hypothesizing an exemplary

ulati fth | I
AL S ATETeng pcompesten, oy erga e,
i fth b, il of lubricati t h
e e PR R

nEHRICNGE IR 's:ll%&?lﬁ &9%%%9 %‘5({?9%?)?335%311@%% Slcea%%%m a iive has a

Figures 2 5, are eve oped from the |rfp fasets of the Tesults”

pE‘?{%gfé&'P%‘dRH&aé'Egé?!'aﬁﬂ%%?%%ﬂro&e{% g%%mwgfg%%m&@én 0

least two lubricating oil compositions. The datasets generally may contain

HRONLEIR RPANEAH, %EE%HH%%?!UBr%{?r(g%hf%m#&@%ﬂ%s And &%ﬂ%ﬁg it is

linear regression model can be developed from as few as about 2 test

dEQReRGh BRI RRMEVRE: ThE dalasals, A& ftan1RRgslAnd.GaN: 1aNg8 ve used in
from about 4 to about 10,000 test results and
the equation to predict the test result.
[0058] As shown in Figure 3, a linear regression mode! 300 is used to determine a
predicted resuit 1100T] for oxidation test 1060T1 (see Figure 1. The coefficients 304 differ
slightly from the coefficients shown in Figure 2, and include an intercept, and coefficients
which correspond te (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
15 applied to one or more of the aforementioned datasets, For iliustration only, an equation for
deriving the predicted test result for the oxidation test 1060T1, i.e., Prediction, o, is set
forth below in Equation 2.

Eguation (2):

Prediction; gpn=exp(intercept + (Additivet + Additive7)*0.01 + Additive12*%0.08 +
Additive8 +Additivel 1)*0.06 + Additive10*0.11)



preferably from about 4 to about 1,000 test results. [0057] As shown in
Figure 2, a linear regression model 200 is used to determine predicted
test result I | ODTI for the first deposit test 106DTI (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, respectively are derived
using a linear regression 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 106DT1, i.e., Prediction"on7,,
wig et fthdglownipunguation diti2 Equatione(1); Rieidietion, (ODTlwe 8+Additive
exp(Intercept + Additive3*0.09 + Additive4*0.03 + Additive6*0.01 +
1 1Additine8ii0.22) wherdifpthe eighit ammpunteechAifiditve 3)Additiverdined by the
Additive 6 and Additive 8 are multiplied ("*") by their respective
licoeffigient® 20déd. datermisiet dyithbdimearaddrassioraprodelts Aghenemploying
skilled in the art would readily appreciate, each lubricating oil additive has
maregpariculanfdictionhelgaram amisarear beiditivielon dint-exidaine Ko Hitysuccinimide
could function to inhibit deposit formation, when used in a lubricating oil
fagoimpdsition AciordinghihrssadBpesidetit hagis partitaledstasdibges 6 and 7)
carried out to determine which additive will be used in the equationto
ansyduieriEindisdres tiei [0vp8 iAs SRENHEH migiiemingdine M dgrasgsrrssion
model 300 is used to determine a predicted result 1100T1 for oxidation
migkl1060T1 (see Figure 1). The coefficients 304 differ

[6059] Figures 4 and 5 similarly show linear regression models for the wear test
106WT and the second deposit test 106D T2, respectively, (which ilustrate coefficients,
equations and predictions which are derived in a similar fashion to the aforementioned first
deposit test 106DT1 and oxidation test 1060T).

{6060} The data inciuding the theoretical lubricating otl 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.

[0661] Referring now to Figure 6, a worksheet 600 showing an exemplary cost
calculation model for the lubricating oil additives employed in the hypothetical fubricating 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 mode! counterparts {e.g., the corresponding components and their
respective values indicated in Figure 1). The total additive cost 602 can be copied or linked to

a global model location. These results can be used for calculating the lowest cost formulation,



slightly from the coefficients shown in Figure 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 1060Tl, i.e., Prediction;,...,, is set forth below in Equation 2. Equation

&\g Prediction, | DTI ex& Interce g%d tve + Additive7)*0.01 +
O 4638%343/ ‘Ra%?tlve§0nﬁ\t RR/ 9‘"}&88?6\}8 8?[‘?{)"5&“ test. To
herei e am nis of (Addit e6+Addt Additiv
o e T R S R RS P risatafree- e
0

coe f|C|e 330 eter ?dg thF inear ke P?'S odel. As onge
mot e 11:3 com ma ? P % an I or anc% cieC or exam;%e the test
eart would further appreciate, when employing more‘than one

r%&i%ﬁlv%\é\l %? %ﬁm%heb% getﬁ@'g ”é/cm% ﬁ?o}(é"k)é‘%ﬂ e:na t én dcan

P'succinimi ily, the amount 6f eac hese additives ca

piRAEINEL &%rﬂmé‘:ﬂ%&ﬁ%h@lé"E\ﬂuZﬁaﬁ&QxEﬂ%é@HHM%‘?ch@% AERRECNG raints.

coeff|C|ent as determined by the linear regression model. 0059] Figures 4

TROGR Siniay; Jygmvwwegﬁ reessienmodeisdrsdha weaniestc W pes, c.o .

and the second deposit test 106D T2, respectively, (which illustrate

veoelfigients, cequatipnsand predictiopsyuhichiae .@Lﬁ%%%@dﬂét&@:‘%@{m the
fashion to the aforementioned first

optimization of the formulation. Moreover, these and other worksheets can offer a wide range
of access to users of other programs (e.g., Microsoft ™ Office Applications). Furthermore,
other worksheet programs or other applications 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 /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/ocutput 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 /O controller
712 can be used by the CPU 702 to access external devices (e.g., analyzers, scanners, printers,

other computers, modems, networks, ete.) 714
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deposit test 106DTI and oxidation test 1060T). 100601 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. 100611 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
[08i68]r valueStinctadiony, To# exanpplencdimegm 606orBsNE0Siakg leosttimization
contribution 610 are copied or linked to/from the global model
datobmterparts (. gatthecsotre dpoiiRpEcopUnBE an drinsH Y réaipuetyes tests and
values indicated in Figure 1). The total additive cost 602 can be copied or
hylokedite! Wigloba SrotRITEEATIS ThEE Hedus Basnsel izappigiation), which can
calculating the lowest cost formulation, 22 which simultaneously meets the
becoitistrdirretbrasre setor aTamE 4G 818538k ch test. To derive the best
formulation, the test predictions and cost calculation are optimized, (e.g.,
[0868) most déBiratRPEBIBIARBR Ul CIST SRR DEHSmIfaNRE IBRER R o) 6
example, the test predictions can be opti izgcln varyin tt% additive
(%Hbé%ﬁ%ﬁt%‘i?é%ﬁ&m%‘ﬁﬁ’ﬂ,‘%3:%‘4%8?/?3@%@ %Fﬁﬁ}ﬁe 0s Eﬁﬁﬁg‘wte‘” 700 can
simultaneously meeting the test performance constraints. The Solver TM
PIBFSGTAT, LB ERT B MR BB MR ot SOTRUATe WA UE bRARSGEE can sore
e.g (é\/licrosoftTM Excel, Lotus 123TM, Quatro Pro and the like, may be
445858 98'Berform the optimization of the formulation. Moreover, these and

{0%%]5? ' Workslmea%tdc’t}?eerl%nq &4 i%ewnltdeef {0 gr%sent invention, the CPU 702 is a standard

IBM-compatible P.C. or other like device (e.g., an Apple™ computer, a PDA device, a

Palm ™-type device or other like device}, and can include any other suitable computational
device. The operating system is preferably a Microsoft {(MS} Windows™ operating system
but in alterative embodiments, can be any suitable operating system (e.g., MS DOS,
Windows, Unix, Linux, Apple O.8., Palm O.S., 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 7106 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.



of access to users of other programs (e.g., MicrosoftTM Office
Applications). Furthermore, other worksheet programs or other
applications including custom-made applications can be used. [00621 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 1/O
controller 712, a display device 706, an optional input device (e.g.,
[Kyhoard) 708, mntoptiohtlcpoirting ndevice 720 kinedohother oplidnalost
input/output devices. The memory 704 can include solid state memories,
cgpeldromaens Rariiies sndiorotie rstotageidévicestindluding thosezed
accessed via a network connection. The CPU 702 can use any operating
fagpiopmidURr CERTEAID IO Tt e alspic BrdrsoRa Brdotvpdobranngast to
used in the present invention. The 1/O controller 712 can be used by the
CEBULAPRACEE b ATaING SR8 G diiyrerso e Anmarsiopmmtale; The
other pomguters modems networks, etc.) 714. 23 (00631 The memory

inparaian BhtsAaNPSESTESSIIIngHaryak g Bﬁﬁmiﬁﬁ%%fw%@g as well
etc, (e.g., data from the Iubrlcﬁ[ 0|I -composition property-determining

Media E%ﬂ Cﬁi}ﬁ&ﬁ%i&é ?Eftﬁf’é W*&%Mﬁ&gﬁﬁ*&%yaéhf‘e‘aﬁ%& ARARestem of the

specific a Ilcat which can be either directl cessed or accessed

PO AL dOBRIPERSIE SROCRRE o0t s n-‘gf SEbFe4E 1o vEmate and

the applic tLon soft are WhICh |n the present embodiment is a Microsoft
)!(ré’é glr%é atm hCé)rg Pﬁsbt] éé{ﬂmates TUITAD eITOT.
[0668] While the above description contains many specifics, these specifics should not

be construed as iimitations of the invention, but merely as exemplifications of 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.



process and store information or can remotely access other systems

which possess or can store desired data. 100651 In another embodiment

of the present invention, the CPU 702 is a standard IBM-compatible P.C.

or other like device (e.g., an Apple TM computer, a PDA device, a

PalmTM-type device or other like device), and can include any other

suitable computational device. The operating system is preferably a

Microsoft (MS) Windows TM operating system but in.alterative

embodiments, can be any suitable operating system (e.g., MS DOS,

Windows, Unix, Linux, Apple O.S., Palm O.S., etc.). The worksheet
wapplicattnaBvireféfably MS Excel, but in alternative embodiments, can

be any other suitable worksheet program or application. [0066] The

individualroedte @ feracoesseg Diyusiagnhe keybpeasydi 708z thne aidesseongase oil of

or other like device to select cells and input variables. The keyboard 708,
lumgasecAieonothed alitblndbliceatias ellseibdivsdbiem séletevanppigs the steps

features of the application (e.g., select graphs, print, etc.) and can also be
ofiisithtottoatrs thecmipaEs andg temamarioRd PiRachshlicatiiolstegearbisating

additional to other known uses. 24 [0067] The method of the present
oiirdiition kisedltn etk atal thbeelas Bbstcaae o PRt op itz 8

routines into an integrated system allowing optimized formulations of . |
VAl BIP RO PBRItONS 16 B VithetrARC ANy U &TTEAN S PRYTARE hepricating

existing approaches that rely on the experience and intyjtion of a human
viﬁsﬁﬁmafa}.cqrﬁ@um%@ﬁﬁéﬁ%@f%ﬁ@@%&@s@%m Bl PRI BB R ey

be optimized for lowest cost as well . . :
determining test result for the [ubricating oil composition; (¢) computing a cost for the

fubricating oil composition; and (d) outputting the results.

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

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 least 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 1s

a natural or synthetic oil.
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meeting the constraints of test pass/fail limits. Accordingly, the method
and system of the present invention advantageously decreases the time
and effort required to formulate and optimized lubricating oil
compositions, and eliminates human error. [0068] While the above
description contains many specifics, these specifics should not be
construed as limitations of the invention, but merely as exemplifications of
preferred embodiments thereof. Those skilled in the art will envision many
other embodiments within the scope and spirit of the invention as defined

by th?. Cﬁxlg}% eqﬁgf Qldé git}le Tetg, g’gl W%T ﬂ%%sgﬂﬂaél ll\qgtj?c4§ " 010 @a‘&!ﬁ!ﬂ%q seiected

for screening a lubricating oil composition having at least ofie base oil o

fr!y‘ﬂ?Eh%aé%%dovt%%‘éwg‘@ﬁa%@é&érﬁ!‘%‘é%@%“ﬂ@eﬁéé %%F%’e%’tsthﬁlgpﬁmggors

comprising the steps of (a) inputting into a computational device an

deﬁ’ﬂiﬁ’r‘f@&éﬁn‘?@,%@ﬂi@%ﬁ%‘%@%@%&ﬂdp@&%@ﬂ&ﬁg AdAitve, RRRed RIS pour

total weight of the lubticating oil composition and, éptionally, a value of at

pigaskeneRreperiassacated with gachaf the.pkdeashanahase ol Bfosion-

lubricating viscosity; (b) computing a prediction of at least one lubricating
irfibaarapasitendyeRertys, doteraining:testseruibior thedwhricatiogmaibor
composition; (c) computing a cost for the lubricating oil composition; and
(d) outputting the results. 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

specificatipmmahdhenueinod, afictaimhewherem dhe stap ohe@oputing A least one
prediction of at least one
lubricating oif composition property-determining test result for the lubricating o1l composition

uses one of a linear regression calculation, a neural network calculation or a quadratic

calculation.

7. The method of Claim |, wherein the step of computing a prediction of at least one
lubricating oil composition property-determining test result for the lubricating 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 fubricating oit additive.
8. The method of Claim 1, further comprising {¢) conducting an optimization routine

to derive the fowest cost for a lubricating oif composition, which simultaneously meets given

constraints of a performance target for each test.
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lubricating oil composition property-determining test result comprises
fields of information including at least 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. 26 5. The method of Claim 1, 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 point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion- inhibitors, ashless dispersants, dyes, extreme
pressure agents and mixtures thereof. 6. The method of Claim 1, wherein
the stepofwopputinigcanpgredivtoninf al kedseoneoiubricatindooikaving at least one
composition property-determining test result for the lubricating oil

basomip oSt ceses oIsesHY alihehlcreppasdivniezliaglatioAd & vie thasHeavork
calculation or a quadratic calculation. 7. The method of Claim 1, wherein

camessElEof computing a prediction of at least one lubricating oil
composition property-determining test result for the lubricating oil
compasimassed A ek 6ﬁ%rﬁ3éweré@ﬁﬂe%§fawtfﬁf)%@é‘ihafﬁdf\ﬁ/ﬁblﬁﬁ one
coefficients in each of the at least one_linear regression model are used

hufey iseiiaeceLadrbreubates i &t g1 b e Bl fdrerpermegekion and.
formulations of lupricating oil compositions having at least one base oil of

OO HESLR) BRI SRIBERBRERIBREIY BlISAGuRIRE 2t 1east one base oil of

lubricating viscosity;
() means for computing a prediction of at least one jubricating-oil-compaosition
property-determining test result for the lubricating oil compeosition; and

(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 Ciaim 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 fubricating oil additive is selected
from the group consisting of antiexidants, anti-wear agents, detergents, rust inhibitors,

dehazing agents, demulsifying agents, metal deactivating agents, friction modifiers, pour



8. The method of Claim I, further comprising (e) conducting an
optimization routine to derive the lowest cost for a lubricating oll
composition, which simultaneously meets given constraints of a
performance target for each test. 27 9. A computer system for screening a
lubricating oil composition having at least one base oil of lubricating
viscosity and at least one lubricating oil additive, the system comprising:
(a) means for inputting a desired type and 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
PO BRER BT A 4 185U DA BRsE ST O Wb REAKHRS TRIEBU 5] AR on-
. far computing a prediction of at least one lubricating-oil-composition
“‘BFB‘&%%%H&?%%&%HW@%‘&A PSP TS e LSSt o TS EFéﬁll‘%fﬁa‘f(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, .c rise fields, of information comprising at least one of deposit . .
formaion BESpae A bt B B e G B LN Do br Ly ort s
o&hl%bslystem of Claim 9,.wherein the at least or}gspasehp'l o{hlggricatiﬂg ol

ViSCBSIty 15° & natliral of SytRBTIC o 13. The systom of Claim &) Wherein

C(gr’}l @&J%‘ﬂs E'gnl_tlfl B%nglggr ?é"ﬁ?&%}{%é%@ﬁgﬁ?g n@?x‘&? BQRN%EQL&%ICUI&UOI} and a

ohsisting of antioxidants, anti-wear agents, detergents, rust inhibitors,

guadratic calculation.

14. The system of Claim 9, wherein the means for computing a prediction of at jeast
one lubricating-oil-composition property determining test uses a mathematical calculation
model wherein coefficients in each mathematical calcnlation model are used to buiid

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

15. The system of Claim 9, Wherei_n the means for computing a prediction of at least
one iubficating»oi%-composition property-determining test result for the lubricating oil
composition uses a linear regression mode! having coefficients which are used to build
equations for predicting test results for hypothetical formuiations of lubricating ofl
compositions having at least one base oil of lubricating viscosity and at least one lubricating

oil additive.
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dehazing agents, demulsifying agents, metal deactivating agents, friction
modifiers, pour 28 point depressants, antifoaming agents, co-solvents,
package compatibilisers, corrosion- inhibitors, ashless dispersants, dyes,
extreme pressure agents and mixtures thereof. 13. The system of Claim 9,
wherein the means for computing a prediction of at least one lubricating
oil composition property-determining test result for the lubricating oil
composition uses one of a linear regression calculation, a neural network
calculation and a quadratic calculation. 14. The system of Claim 9,
wherein the means for computing a prediction of at least one
lubridatiritredycompoSitienpropettyr detepminiggdest-aseoaomatiematical
calculation model wherein coefficients in each mathematical calculation
opnndeliareuset: to Beild: Sguatieniscfot predictingaaghbficthepatieastvoneh
test result for hypothetical formulations. 15. The system of Claim 9,
sigvhigresnutie mrsEngi Yor compaititiod prediotiomod Hi fetisiororeh test.
lubricating-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 h;}ﬁothéfwa?‘féirfﬁﬁﬂ’éfﬁfﬂedr%f‘ﬂ%?it‘b%ﬁﬁ@%ﬂa@é@ﬁ‘ﬁb@im%ﬁia@m@éﬂ@%t
one base oil of lubricating viscosity and at least one lubricating oil .
PagEmVe DSt spetEN OPCBER & iR e PRy RRe Apissfaening a
co.nductin_c? an optimization routine to derive the lowest cost for a,

iWMﬁﬁ’g Gﬂregfﬁﬁgg‘t%ﬁiq}gﬁwﬁast one base o1l of lubricating viscosity and at least one

lubricating oil additive, 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,
optionaily, a value of at feast 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 oif 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,



simultaneously meets given constraints of a performance targets for each

test. 17. A computer program device readable by a machine, tangibly

embodying a program of instructions executable by the machine to

perform method steps for screening a lubricating oil composition having

at least one base oil of lubricating viscosity and at least one lubricating oil

additive, 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 oft oM USRS G REBEIEVISE So MY avptedietibh wir icaspuias a

lubricating oil composition property- determining test result for the
m%ﬁ%%fﬁﬁg%il%h%ééﬁ%ﬁ?&%%f%@wm@ WSS rIeHa  nbhadatigssli

composition. IS, The computer program device of Claim 17, wherein the _
QRIS RIG T PR EhcEh SPatidaatione Rilsiieatihg Bilismprgitiiss. anti-

property-determining test is done to determine compliance to a target
“EFERIAEETEN 286 T8 HE ESHRPUtEr program device of Claim 17, wherein

the step of computing a prediction of at least one lubricating oil

composition property-determining test result comprises fields of

information including at least one.of deppsit formation, properties, anti- .

wear DlonO S I SRIARUOh 510 Se g 23D, i EAbLLCR FagraRs Dase oif of

| e,victe of Clai 17,,wh§reiln the zﬁtjl astpne base oil of
upricaling viscosiy 1s'a naidral or synthetic o,

21. The computer program device of Claim 17, 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, meta! deactivating agents, friction
modifiers, pour point depressants, antifoaming agents, co-solvents, package compatibilisers,

corrosion-inhibitors, ashless dispersants, dyes, exireme 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 cil composition property-determining test result uses one

of a fincar regression calculation, a neural network calculation or a quadratic calculation.
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lubricating viscosity is a natural or synthetic oil. 21. The computer program
device of Claim 17, 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 point depressants,
antifoaming agents, co-solvents, package compatibilisers,
corrosion-inhibitors, ashlers 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
compssition propatty-tetesmidig test fesult Useshonre vkatipedromputing a
regression calculation, a neural network calculation or a quadratic
predlctitatigint 3k2 3nF hebvomipptet prograsii de yiogofyGlaiendivj \whetsisthdor the
step of computing a prediction of at least one lubricating-oil-composition
luprapenty «detenminitigrtest yedultiordhmsiubricatingheilicpmpdsitionsusesaare used
linear regression model having coefficients which are used to build
todgustione tonpiedicting testae sedistfdphypotHetical formuiativas Oftibricating ol
lubricating oil compositions having at least one base oil of lubricating
coisityrahdvat deastoheniubricatihg! bitdeididee i 2asiThendenlpiiernc tubricating
program device of Claim 17, further comprising (d) conducting an
oippifhixstion routine to derive the lowest cost for a lubricating oil
composition, which simultaneously meets given constraints of a
performance targets for each test. 32 ABSTRACT

24. The computer program device of Claim 17, further comprising (d) conducting an
optimization routine to derive the lowest cost for a lubricating ot! composition, which

simultaneousty meets given constraints of a performance targets for each test.
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[0069) A 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 the steps of (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; (c) computing a cost for the lubricating oil
composition; and (d) outputting the resditsl Afs@ Tprovided are systems

and computer program devices for screening lubricating oil compositions.
[0885] A 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 the steps of (a) inputting into a cempﬁtaiienal 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; (c)
computing a cost for the lubricating oil composition; and (d) outputting the resuits. Also
provided are systems and computer program devices for screening lubricating oil

compositions.



