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
titiecnnmings ofl wotm positiongdhiat caihdb b tested oand idestificd dbaehdingen
lubricating oil compositions. Accordingly, existing approaches rely
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



| on the experience and intuition of the formulator to provide
recommendations for new formulations. [0004] It would therefore be
desirable to provide a method and system to rapidly identify leading
on thdubkigalingeodedmpoasitanstwhicHonesktfor exampldeindustnnendations for new
specifications, customer specifications, etc., while also predicting the cost
formulaeheed in making such compositions. Additionally, it would be desirable
to carry out fewer manual tests on each of the compositions. In this
[0004 manner Jtheopiépératitmeahe deseebingobrvast aumbbedfariveysem to rapidly
compositions can be achieved in a more expeditious and inexpensive
identifyadieraling UMMGRMO FollH EINMENIDION §0005] Imsthefeforexamadgurandustry
of the present disclosure to provide a method and system for simplifying
specifforiiatiostdeve knsmbmibhabricatvilonleo misdistioashoons v vgd in making
further feature of the present disclosure to vastly increase the information
such eampiisiofsrmvldiionslbye ibased by dasialipingany avhl{rigpmanual tests on
information required for such formulations. [0007] According to a first
each ofsihecotrEtionoNidbl BAesToth P SERERIRGPRY IBRERISS vast number of
~ composition having at least one base oil of lubricating, viscosity and at
diverspamRASEIRIBT PR SIS m@wﬁt&ﬁw@m&ﬂ%&@wy
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
10OSi %p nflll a value of at least one property associated
SUMMMRAEE diiEJIXVEN base oil of lubricating viscosity; (b)

r000sTOMPUtRY & prediction of at least o IR ting AL G MBS AR Mod 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-



2 determining test result for the lubricating oil composition; (c) computing
a cost for the lubricating oil composition; and (d) outputting the results.
[0008] According to a second aspect, there is provided a computer system
deternf@firgCreeNiagui | iridatingteit evnapositdmbavitignatleast onpethase abaf for the
lubricating viscosity and at least one lubricating oil additive, the system
lubricadmpribngniasitieanmiofdnputting: tesicealtype and amount of each of
the at least one lubricating oil additive, based on the total weight of the
[0008ubricatingeoildimgnpositicacand, egtichallysra valus@fidtdeastomeygropertyem  for
associated with each of the at least one base oil of lubricating viscosity;
screen(ip mdabsdgimg o putingpaipoedietiorg oft dtdshsnorimdalwitafidgboitating viscosity
composition property-determining test result for the lubricating oil
and atdeapositolbaidtie] oidaidifor solipalisigra costrfositise (dbmieatinépoilnputting a
composition. [0009] According to a third aspect, there is provided a :
desiregdpmsutad progranyideaieef rdgdabresby e arHinegambasididvsbbenfin gmthe total
program of instructions executable by the machine to perform method
weighgtapdhioduliedimagodl |GpHeLaHiPBIREEn PSSR MV FIuS ot 1otk prgs@roperty
oil of lubricating viscosity and at least one lubricating oil additive, the
associgiathdatkiepd Wnbristhdeas)) msubing fito] dubrisatittorniicaeee(bh means for
amount of each of the at least one lubricating oil additive, based gn the. .
compying RS et RSB HHHTSIh SHRPOSHHIShRIRP I AGEsHaine test
least one property associated with each of the at least one base oil of
result) {53 VA6 Sy (b EBRBRIING Yo AR idR Bt eSO BRE 0Bribitg for the
oil com osition.é)roperty-determining test result for the lubricating oll

iubricégﬁgp% ORP S 0(3:‘) computing a cost for the lubricating oil composition.

[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.



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
lubricating oil composition set forth in Figure | according to a first deposit
test result for the hypothetical lubricating oil composition set forth in Figure
i according to an embodiment of the present invention; [00131 Figure 3 is
R werksheet efranexemplarplineanragression model for predicting an
oxidation test result for the hypothetical lubricating oil composition set
[fetH] in FigupeloacenrdinghiaBnarembodirae pfihe preseshiaventiot;awings, in
100141 Figure 4 is a worksheet of an exemplary linear regression model
wigtpredicting a wear test result for the hypothetical lubricating oll
composition set forth in Figure 1 according to an embodiment of the
[gresent invangion; 11002 5k dniglure bisiatlwerksireetiof ah gpaheplaryldingaiting oil
regression model for predicting a second deposit test result for the
chypothsdicat dubridiating il reorpesitiondet!foethcmsEigure | according to
an embodiment of the present invention; [00161 Figure 6 is a screen shot
[@efi 2 Microsdftdaxce worksheeeshDwingarpbxeiptaryc gosticalalitiopr predicting
model for the lubricating oil additives employed in the hypothetical
aldiysicsttiags GiF Conppsiticicaf Figgpéing ahgomposition set forth in Figure 1 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



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 by predicting at least one lubricating oil composition
property-determining test result for the composition while also being able
to calculate its cost. Accordingly, the amount of manual effort used in
preparing and testing such lubricating oil compositions is substantially
[f6dlced and'igineplacediby lidpitl peitectiveand! leliabletest psedistionsf the
and cost calculations thereby resulting in a vast number of diverse
reerrgosittotisnthat can be timely evaluated and characterized to identify
leading lubricating oil compositions. [0019] 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

Lidd LEdtlaEsbididlebidin S IAL RO HRRR BAHESBE DIVEREH 94 the
individual cells will be hereinafter referred to by column and row
[R8dBEctively TRoPEsatplEcrdipaIis dBatseriie cotumam Adowtiodiiirsereening a
referred to as cell A 1. Worksheet 100 shows a hypothetical lubricating oil
KBS CHATHIAY OIOPRAEHY Isnshammivrspadadenoningvitepsity and at
lubricating oil additives 1-12 (located in cells A2-A13, respectively),
lmﬁﬁéﬁilég%%%ﬁféé%filﬁa‘tm‘/uﬁ%@ﬁipéfaq e ann i basetagp loampepition
saturate, content, sulfur content, kinematic viscosity measured at 100C

OB AR M ACTHL A7 hFemeaiviiny, by 61 eBnisoraliatte its cost

roperty .5 : , .
cccﬁ%m%iy, 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



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
oxidation test 1060T, a wear test 106WT, and a second deposit test
106DT2. The corresponding amount 112 of each of the additives 1-12 in
the lubricating oil additive package 102 and the corresponding values of
the properties 114 associated with the representative base oil of
lubricating viscosity 104 are set forth in cells B2-13 and cells B15-B17,
ddiesheetiyelysAsonscskilled dpithe Brtavouldsieadilylappiatiate: terage total cost
remaining amount of the lubricating oil composition (outside of the
radditives inlid) camperespanchiaione:-or Aghe base oils and the like
which are present in the composition. Additionally, predicted test results
[ocatgulated with itgfesence do cfongxsamplerofhgurés2annwmbichtwillenclude, for
described hereinbelow, are also listed in cells B19-22 in association with
exaachdesfikdBetbperformeddntacnadrksiidet applicationopredictéd test wear test
result |1 ODTI (located in cell A13 of Figure 2) computed from the
1 WoVRS heeétforcanddesating il 066rhpositio ropropenyidetareririhfteStasuch the
as that shown in Figure 2, may be linked to the respective (cell) positions
addigetarhn Biofwdbrkskedrd 00 (& jireptrkape i§aasbiiatsdrosphnéagtyalues of the
respective test 106. [0021] For example, the individual predicted test
pregsulics| ODFsatoah iEiGererrecotesponsisad ¢héipredicteditestifrs(f are set
for the first deposit test I06DTI shown in cell B19 of worksheet 100 i
foriguresy R2kewine cehe Biédidied saraciaslivs Aornther isBriedimeyoirouid readily
composition property-determining tests (e.g., the oxidation test I060T1,
apREsisar e TosWE Ry theldhe S eripssr reerisiyrd ) e dreofikegdditives

to the respective tests 106 as . . . )
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



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 is required, e.g., an
industry or original engine manufacturer (OEM) specification, or desired
such as one from a customer so that the user can evaluate the predicted
test result(s) of the hypothetical lubricating oil composition with the
desired target value. Finally, the calculated cost 116 for the hypothetical
lubricating oil composition is shown in cell 824 of worksheet 100 and will
be described hereinbelow. 100221 In a first step of the method of the
ilpresest invRgiien, WwotkshettdQe: (@hatherr cisantitative asipngerasiiSroperty-
formed containing cells for at least one lubricating oil additive 102 and at
dteastiong basecail of |sbricatirng Miscpdity Higdrand. CBlisséonthesrespective value that
amount of each of the at least one lubricating oil additive 102 and values
iforqinecrepertieshdssociatedgivithetheatteastone dhdSe bi gfdulikieatingr desired
viscosity 104. The varying amounts of the respective additive
segnaponeitsiandureyiacsvahaet forsthe propeitivs thesosiated withahdtad of the
least one base oil of lubricating viscosity of the composition may be
himpthesigakligpripsangallcoinposihetespettidesisild mssvoiated With!the et calculated
least one lubricating oil additive 102 and the at least one base oil of
cisbfitafivigvisoositctiod [poze1 Beherapp stHen ibsiearng eitl! B24 of worksheet
compositions for use in the method of the present invention include a
1 A998 aribine B EP S eciRTse oil of lubricating viscosity, e.g., an
amount of greater than 50 wt. %, preferably greater than about 70 wt. %,
[9idté preferiblyiTibiFRBbHES0E Shiub 99 R Yo Aria B st BrefRsaipl)O (or other
from about 85 to about 90 wt. %, based on the total weight of the

A BHHSIG G ARAT S MO BRSO AP BIHP sl oive dbilsaektitig Wi cating 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



additive. The expression "base oil" as used herein shall be understood to

mean a base stock 7 or blend of base stocks which is a lubricant

component that is produced by a single manufacturer to the same

specifications (independent of feed source or manufacturer's location)

that meets the same manufacturer's specification, and that is identified by

a unique formula, product identification number, or both. The base oil(s)

for use herein can be any presently known or later-discovered base oil of

lubricating viscosity used in formulating lubricating oil compositions for

any and all applications, e.g., engine oils, marine cylinder oils, and
ofunetionad fuicts Sychhas hydiabdicaoilsptranseissiansfiuidbiceddy a single

Additionally, the base oils for use herein can optionally contain viscosity
mindéx-tmprovess seng. spalyveiins dkjipethaoryidtes; solefinic copomers;s

e.g., an ethylene-propylene copolymer or a styrene- butadiene copolymer;
foamdotheHikenaad indunesidneraofure00 2L iNs aties. skifldrhinsthierariiswduld unique

readily appreciate, the viscosity of the base oil is dependent upon the
frapplicatioduAddordivgliprhenyiscositont. a Buseasilfds LEs erdpeiilian be any

ordinarily range from about 2 to about 2000 centistokes (cSt) at 100
pEEMtigriteNC)! |Sendipaflycriebidioibl0bl ks bk iked s s BT e

have a kinematic viscosity range at 100C of about 2 cSt to about 30 cSt,,
Ibriste A1) BT SESETAOABBYAN G LSt B 19851 ¢ Sre R B Wh St M St ader

about 12 cSt and will be selected or blended depending on the desired
oBndubE ARt THAIRVER 3 INéripisit STPRgIve ah dtisifkd grddigwelly, the

engine oil, e.g., a lubricating oil composition having an SAE Viscosity )
OESERIE éercww,%efvmﬁee ENRABLY R0 VREED  RSW-BBT8\RFS: ©-8-» polymeric

5W-20,5W-30, 5W-40, 5W-50,5W-60, IOW, IOW-20, IOW- 30, IOW-40,
RGO B0 T SURITC TRROT T 548 SN S5 AR S5 SREMTHRY 2 styrene-

bmgdiene 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.



like. Oils used as gear oils can have viscosities ranging from about 2 cSt

to about 2000 cSt at 100C. 8 [0025] Base stocks may be manufactured

using a variety of different processes including, but not limited to,

distillation, solvent refining, hydrogen processing, oligomerization,

esterification, and rerefining. Rerefined stock shall be substantially free

from materials introduced through manufacturing, contamination, or

previous use. The base oil of the lubricating oil compositions of this

invention may be any natural or synthetic lubricating base oil. Suitable

hydrocarbon synthetic oils include, but are not limited to, oils prepared
[O@dRh the poBawerizationof ethylentanfrdns the polymeizdtidrof protefins

to provide polymers such as polyalphaolefin or PAO oils, or from
inhjrdiogarborpsinthesie. grodédunesaisimgresirbon hdnuxiderandhygrogen

gases such as in a Fisher-Tropsch process. For example, a suitable base
olegbis et iatcstmprrien it rahyinge gy draetioin . ghalittle supsmytidlipdree

oil fraction of viscosity 20 cSt or higher at 100C. [0026] The base oil may
frpm ﬂ@t{ﬁi&isfi’@fﬁﬁ’%&ﬁfg&ﬂ@%ﬁb@ﬁﬁ@ HilgrisgnesatienugentieigPrels ey use. The base

mixtures thereof. Suitable base oil includes base stocks obtained by )
oisphtle HRHGAIBE QY HHBRESWAR HH I SIHBRANERY ¥t B RYRFeERIcRaEpetic

base stocks produced by hydrocracking (rather than solvent extracting) )
Iprcaligiiiie athd SoiableowerRERRS sTTHE & s slidibiibaga silgnited to, oils

include those in all AP] categories I, II, 111, IV and V as defined in API

PiSEifiction 156 Y RAESHISH AuitrsRdtiorn Beecleng ahotp iy pides to
PSS EEIAREREinS EAQ), Ploup chare ol clude ol v e,
P A e o R T e eSS TR 2RSS rocess.
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.



may be prepared by combining one or more of Group 1, IT. 111, IV and V

base stocks or base oils. 9 [0027] Useful natural oils include mineral

lubricating oils such as, for example, liquid petroleum oils, solvent-treated

or acid-treated mineral lubricating oils of the paraffinic, naphthenic or

mixed paraffinic-naphthenic types, oils derived from coal or shale, animal

oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the

like. [0028] Useful synthetic lubricating oils include, but are not limited to,

hydrocarbon oils and halo-substituted hydrocarbon oils such as

polymerized and interpolymerized olefins, e.g., polybutylenes,
[Rehipropylenes. prapylenas sebiudy ene:-popalymernse ellosinated for example, liquid

polybutylenes, poly(] -hexenes), poly(]-octenes), poly(] -decenes), and the
plike and mixtutesn thereaf calktbaszenesistieh! as- dedegyideszenearatiinic,

tetradecylbenzenes, dinonylbenzenes, di(2- ethylhexyl)-benzenes, and
nibetlike: polyphemds Sudb-asphiphenps:tesphelyis; dlkytated! or shale, animal oils,

polyphenyls, and the like; alkylated diphenyl ethers and alkylated diphenyl
vegifidesciindethe raervatives. anstogslanddiemialibgsith dnedikand the like.

[0029] Other useful synthetic lubricating oils include, but are not limited to,
[Hikmade hysplolymetizing disfinsgfoléssithate Shoarbomatome suchagocarbon

ethylene, propylene, butylenes, isobutene, pentene, and mixtures thereof.
oNsetinblts cof e parid g sirckhapotyrady vilh asepalathekirodvantbi trosel skiieeiholefins,

the art. [0030] Additional useful synthetic hydrocarbon oils include liquid
epolpnigrstvt adphezo Biefing!diedi micthecpropebuisensity pEspesially oedisd

synthetic hydrocarbon oils are the hydrogenated liquid oligomers of C6 to

pOi1buatsasoRsfing glg:éﬁngg),,ﬁ@ﬁlg()gatpﬁﬁ@sp,_g@b/éhgecenes), and the iike 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



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 the terminal hydroxyl
groups have been modified by, for example, esterification or
etherification. These oils are exemplified by the oils prepared through
polymerization of ethylene oxide or propylene oxide, the alkyl and phenyl
ethers of these polyoxyalkylene polymers (e.g., methyl poly propylene
glycol ether having an average molecular weight of 1,000, diphenyl_
ether of polyethylene glycol having a molecular weight of 500-1000,
tidiethyinethedokpolypropilendelycobiidiin gy fooleanlpiweighfiafiion or
1,000-1,500, etc.) or mono- and polycarboxylic esters thereof such as, for
edealingieo thd heetio lesters;amixetcd ByCB:fatty mejd:rebters; or ihis @k Boxon of
acid diester oftetraethylene glycol. [00321 Yet another class of useful
cdpithets lopicatngloilsanciades bliyaredph timyitetheto pthbeesterisofvalkylene
dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
palkest suscimidatisrlyrelaiteacidl vagbraierakidindlbericaerimsdsatic weight of
acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acids, alkyl
! HdforieraaidsakehpPdivfaasliee! saingitivgvarenpeigicohds; K0, diethy!
butyl alcohol, hexyl alcohol, dodecyl alcohol, 2- ethylhexyl alcohol,
ethipiAE e YNeRY I dietlytehB e MRReEtRareEs)IdREYIERY, &te) or mono- and
Specific examples of these esters include dibutyl adipate, _ _
PAlpsAEMRGIHEG RS DRTARE Stithafelyic tarRlFats distly T dabattted disbo i acid
azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl
*¥55a LA the P BMRIKESS Fard Se8ROP NS R ¥l dimer, the complex ester

rmed by reacting one mole .of sebacic acid with two moles of
UE@ thyén%%l%%*&ﬁ%ﬁ%é)f usef%k? 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 carboxyiic acids having from about 5 to about 12 carbon atoms with alcohols, e.g

o



moles of 2-ethylhexanoic acid and the like. 10033) 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., I1 methanol, ethanol, etc., polyols and polyol ethers such
as neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol, and the like. [00341 Silicon-based oils such as, for
example, polyalkyl-, polyaryl-, polyalkoxy- or polyaryloxy-siloxane oils and
silicate oils, comprise another useful class of synthetic lubricating oils,
Specific examples of these include, but are not limited to, tetraethyl
m&ilisase, ctetnatisapropylosilicateotetia:(@:sthythexyl giticateg yeol, trimethylol
tetra-(4-methyl-hexyl)silicate, tetra-(p- tert-butylphenyl)silicate,
prhpayd: (eimmety 3k piptosagdisitoxhmep pohpivibthyl) sildthnbke.
poly(methylphenyl)siloxanes, and the like. Still yet other useful synthetic
[ORBticating Silscdndled, Distsard astilimited e ligplid bstenbfatiogpRprgsy- or
containing acids, e.g., tricresyl phosphate, trioctyl phosphate, diethyl
p@Esteylof tetaxephidsprichisaieie eteonpolseriedt crairafydlata pdis Bhrlic
the like. [0035] The lubricating oil may be derived from unrefined, refined
lubnidaterefiied oisileienan ALPALhS YRS B MR PSS 'BTHAD 16r Wittelof siticate,
any of these of the type disclosed hereinabove. Unrefined oils are those
tegBtipRERTIrete rdrra Rattivdher Wy sthetie etadd-methy dear isligateofetra-(p-
tar sands bitumen) without further purification gr treatment. Examples of
o s

teginbERARRE BISTHERId B B RO irARSE 5 ASH N BR BBIAIREH!

from retorting operations, a petroleum ojl obtajned directly from djstillation
PP HRHHA R B BT RL i S Lo REA T D rGLA R R ] e ol

~which js then used without. fuerer trea%mﬁnt. Refined . . : .
include, but are not limited 1o, 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.



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 distillation, acid or
base extraction, filtration, percolation, hydrotreating, dewaxing, etc. 12
Rerefined oils are obtained by treating used oils in processes similar to
those used to obtain refined oils. Such rerefined oils are also known as
reclaimed or reprocessed oils and often are additionally processed by
techniques directed to removal of spent additives and oil breakdown
Rproiucts: [0036]Hubrichting oihbase! stdeks hervmds fromldhes those used to obtain
hydroisomerization of wax may also be used, either alone or in
redorerbinbtioh olitle i edordsaid alstlgah amador syntiedtic basecestodksisSadhiien are
wax isomerate oil is produced by the hydroisomerization of natural or
aggiretiy Nvesessedrbmirtbresuticteafiover winpuroonreri2dtony cerafyet, breakdown
[0037] Natural waxes are typically the slack waxes recovered by the
pEulveist dewaxing of mineral oils; synthetic waxes are typically the wax
roduced by the Fischer-Tropsch_ process. [0038] The lubricating oil
E&lﬁrﬁa‘}ive(s)f rhrdertingfal bty deviisddisont e dndselsamyrpraianplyvax may
known or later-discovered additive used in formulating lubricating oil .
G hp B ORI R AT BINARNVES fof %@ée%i?éiﬁtiﬁéll @6@%6&1’“&?@“0 base
not limited to, antioxidants, anti-wear agents, detergents such as metal ]
SPSHSrgeHis YarstINRBRGTS! RS T yetits M bhiEREIR e Qg St thiglar synthetic
deactivating age {%se %triction modifiers, pour point depressants,

R IR A R Yo EB e P RE e i iibfrsers,

[&%WSiOn_inme?tilg%{ﬁ’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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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. 13 10039] Alternatively, the lubricating oil additive(s) can further
contain a diluent oil to form an additive concentrate. These concentrates
usually include at least from about 90 wt. % to about 10 wt. % and
preferably from about 90 wt. % to about 50 wt. %, of a diluent oil and from
[08BOUt 10 wis RertniblaoutiBO vkt o4t prefé taoliyifrei atndutthér wingérte dbeutt ol to
50 wt. %, of the foregoing additive(s). Suitable diluents for the
foepneenitaies naludeany Thest dilemntapreferably iad ok of ledstiGatimgbout 90 wt. %
viscosity such as, for example, a base oil as described hereinbelow, so
tothiastheloenCentrateatisp e eadiy rhiked withtiubricaiiRgvbils.tof préfaget oil and
lubricating oil compositions. Suitable lubricating oils that may be used as ‘
fraitugntst ddnbeatyalpiliod lubridatirigforsbbsiipr1 gonn 1 Exanpteghert S0 wt. %, of
antioxidants for use as additives include, but are not limited to, aminic _
Efltyﬁesg@i.@,adﬁjﬁéﬁy}arﬁ‘iﬁfé?bhjéwpﬁ@fﬁmﬁﬁlﬁwmlu‘ie any inert diluent,
N,N-di(alkylphenyl) amines; and alkylated phenylene-diamines; phenolics
petiohils fopidRAmpls BT SRTRANE Pt Ere X AINJE phB#E 8 b fray ibed
2,6-di-tert-buty[phenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-
harq eyt 3P AHoTEP BREAE P& oAt ATy i Ry Sy e s R pagpare
olefins or esters and the like and mixtures thereof. 10041] Exam fes of
lrifwang henTPROrings: a Beflfi Y rORRE B IR SRt te Y fg,“‘%’?ﬁ%“a“ be any
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those
ol eddrbrepiian scosty

[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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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. 14 [0042] Examples of detergents for use as additives

include, but are not limited to, overbased or neutral detergents such as

sulfonate detergents, e.g., those made from alkyl benzene and fuming
H8dRtric acid{3RENEES (RGeSO AT Kidisised  uhigR not Himited to,

overbased phenate stearates, phenolates, salicylates, phosphonates,
OYRIBRROSPHEHAI S BN LS Seicka At aRRITHE RS A st tAdsdis alky!

Low overbased metal sulfonates typically have a total base number .
OISR B G bttt 8!t S0t 4 ah 8 e bR Hoth 'ABSUE TS 1o anbeh

erbased metal sul:“%nates an(fJ neutral metal sulfonates are well .

25, L .
O BTIRR L S0 AT A R Tes O LR HERGTYop st 48 e e

include, but are not limited to, nonionic polyoxyalkylene agents, e.g., .
Sty e TR ISP BN BTAIRre PIGhED ArAmBl BHAGs Opicely heve

- Raasteane ARIRNEM sther ARYBELMERS OUBRISIST: 10 10 shou

oxyethylene octyl steary er, polyoxyethylen

2 PolyaxyeiylRng d%g{zpiE%'lféﬂ%’t@%’%ﬁ%anr?&?mP%'Xf%i‘é’l?ltrho%%‘?é‘s‘?a%{;?iFPLn wh in the art.

monooleate, and polyethylene glycol monooleate; stearic acid and ot

84y acids; digay %36%9@ﬁﬁimﬁ?'ﬁ?%ﬁsﬂsf%‘é{iﬁ\?ég iﬂ?ﬂgfl% cﬁgggﬁrﬂgﬁlmited to,

salts of heavy sulfonic acid; partial carboxylic acid este ydric

e atosohe e, ooy s e P kv v
aﬁkﬁﬁ%ﬁ%??ﬁ@ﬁﬁw@f%é’ﬁ‘@%‘n?!ﬁ9&]%@1%@??3&%&?%9@%9&4%%@t 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



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 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
olaeimpoiind setected froduthefgréup Consistiagiof artirforiay.and mnst preferably a
alkanolamine, e.g., those disclosed in U.S. Serial No. 10/402,170, filed
CMarch 28,2008 dhe woments piwhivhisirg inoorporated 4 fefieraibe group
herein, and the like and mixtures thereof. [0045] Examples of antifoaming
cagents:fof ayse araduitves kaailesinsut aretherel iitkgeto ngonters gro.
alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures _
1 gera T Oj00as Mexeniie)B3 dBmISEcaIS 9 PRIl 6T ISR g Ui tivesderence herein,
include, but are not limited to, polyalkylene succinic anhydrides;
apbiinitko gen BoHEERSIHE@ekivatives of a polyalkylene succinic anhydride;
a basic nitrogen compound selected from the group consisting of o
[W&dinimid aarssi @a&a@ﬁﬁ&ég?ﬁfa%am%ﬁsamm, but are not limited
hydrocarbyl polyamines, Mannich bases, phosphonoamides, . )
RIPABRP RO ALHiAS AR BroBBRBHMRISEMFRY SR g the like and mixtures
2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and
U&iRiatives thereof;triazoles, e.g., alkyltriazoles and benzotriazoles;

copolymers which contain a carboxylate ester with.one . -
{0046} y bxamples oftasﬂiess 1spersants for use as adgmves include, but are not limited

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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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 polyalkylene
succinic anhydrides with polyalkylene polyamine. 16 [0047] If desired,
prior to formulating the at least one base oil and at least one lubricating
[06#Additive tbderovitienthe lalricatingngiticom positiornshereih uikdcarchs one
advantageous to conduct molecular modeling of proposed compounds for
lubseaintheil eddipositionsyvide thfolhtitatiog <) to aepesitittes Witigh, it can be
compounds may provide potential leading candidate compositions. For
adenaimplel cllcukiichselas e Bt pul INvoRAR csurn fadtdes @, ifothe
example, transition states, bond lengths, bond angles, dipole moment,
copeiraphobitity, fete) BrtiRBscEndsbtmds Thishcerimpewikivd orrotilagotential
known software such as, for example, Quantum Mechanics available
lepding ARIEIS FSERDIERDS CAlHRD S 04BN CaR EEaGRG ditvo ving such
compositions are subjected to at least one lubricating oil composition
fep i ey RIctErmtinG AR oPHEtE RO A BN C OISO SHIBN RS-
determining test" as used herein shall be understood to mean a lubricating
b HADGENI Tt ESIGREES anBly s 8" fubHEAH NG OiF BSmpRLTiBH 15 such

property or characteristjc thereof when used, for example, in an internal,
2% dSEEHSIFe 6?#?&”8@‘ % W&?ﬁﬁﬁ%&gﬁ%&%‘?‘i’% ﬁﬂ?a’eﬁPgé]ﬂff[Sﬁ}‘a)’

(i 1cien sty properin, anesy RIoRSliog: 9O MBI i
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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[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 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.,
[od4@Rr stabilibprinehigieshutaarg noiflimitedto rofesivesneamiate, i.c., wear

abrasive wear data, fatigue data and the like. Tests for determining such
stAPgRsURe MG Buate: for éxample, exiteme pressitee avesivdests; data, fatigue data

hydrodynamic wear tests, corrosive wear tests, a Sequence IVA, e.g.,
anABEMKIV K 4485:0detarMimbke EL OhtesthmethedcaCuinmeirs k] BGReptessure

method and the like. A variety of testing machines or apparatuses are
winawrs toyeaodyoarhthe feregingptesty andaaresiwithitdhenpulYiéwe st ohe ™

skilled in the art. For example, Test Pin and Vee Block and Four- Ball Test
WaskERHes, Mespdttiviely, recibhdarcCcapaiie Mdf perfofririgtiecshanstie like. A

pressure, hydrodynamic and corrosive wear tests either individually or in
veremyBiNEHoNg AndXeesEaIRUBRITES HekPapat 18 essnertds Ritealviinstiond are

where the lubricating oil composition has been squeezed out of, for
wishiariplevarisengimaciddlingivHly %d}wmmnﬁ&e&hﬁlm Vaddiir gnd Four-

the tested composition that has been chemically bonded to the interacting
Belhdivie 28i6imabiss. TotesiHmple2 AP SArEAbe WE AR LOMBIS o EXLFE e Pressure;

between the piston ring and cylinder wall in a running internal combustion
h@f@ﬂ?@%@ﬁ%é‘)ﬁgwﬁ %%ﬁ%gstﬁghﬁbwlwdgaﬂiy 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.



center and is subjected to the force of the fuel combustion explosion while
the piston is, for an instant, not in sliding motion. [00511 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 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
0623 wear iRiaadgrosiverenvivaraniesitisTdei datterorraythe abbisgroedhdrivmicating oil
internal combustion engine due to the oxidation of components in the fuel
caopesicombustedcothn ithierhgbrigatirfgeol tompuosition ecyodrvtlve deenent. The
where sulfur generates sulfuric acid. 100531 Representative examples of
laflepusiy forpbationtéstngnisetiosiorstensrnamngudspdsipfodpsiation components
measurements include, but are not limited to, a Coking tendency test
inéhg fugdelraloTENE MR AI0N BedHbEra 3462l POMRApBERR| Cokésr fsease where sulfur
method)), a Komatsu Hot Tube test method, Wolf Strip Test (e.g., DIN
251392y sHlfREfRBLOXidation Engine Oil Simulation Test (TEOST) MHT-4
and TEOST 33, a Sequence IlIG test method, e.qg., ASTM WK4452, and
[4f3dike. A VRFRIPSYRERAIRAIIIAELH sbprirateadara kmsiAds Rafgjermining
out the foregoing tests and are within the purview of one skilled in the art.

df05h TR AERBYEHEHOLISS e R HB AR LU BHSent RRBAIBIERRY 195t (ee-
FERUIANG Jethod 4sing e oRIZen) (1 INEOIaNg  PIOVING ., o
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



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 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 mathematicall

calculation is then carried out on the inputted data from the lubricating oil
rGAMRASIion.RrANErty: dRte RN Aestsand kricatng Rl GAMRARIIRM AR 1o,

formulation. Examples of such mathematical calculations include, but are
ROk IJE%{@%% AHNORE FRBNSESIN ANAYSIS INPAS)Ss NeMak NEIMREK ARAINSIS modets

models, quadratic analysis models and the like. The mathematical
as@leulptionsialiawihe-user dgenadistsamy bricaiing Qi gRMPOSIIRN ating oil

property-determining test result associated with that lubricating oll
<SAPMRNRItgopheniypaihiesizieg anlexemplasy fdrmilatiohoktihg samenposition

lubricating oil composition, i.e., by changing the weight amounts of the
waddiivetempapantxifaiandaptidnddvalues ehthéuthase il properisgiof, ie.,

the base oil of lubricating viscosity 104 as shown in 112 and 114,
braspegtivelys nekhuradyrandfwill foél descripgebwiths refe redosto kg, of the

[00561 Linear regression models, as exemplified in Figures 2-5, are
baevslgpepkftomofthe inpatdd dhtasetsrgf theassulidiehthe foreg bingnd 114,

lubricating oil composition property- determining tests using at least two
réspritatihg oiFtprpbsitidns! Pheldhatdsaty e nelratycmiay igortain about 2

to about 100 test results using different formulations. In theory, a linear

[986FEssion rhigel sarepRodevelspedsitormal fed/iad about2 tewtsdastoped from
bench tests, however, _ N
the inputted datasets of the results of the foregoing Iubricating 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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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 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

L test result for the first deposit test 106DT1, i.e., Prediction"on7,,
is set forth below in Equation 1. 20 Equation (1) Prediction, iODTI=
eXp Pt ATREVESEP0S 4 Kiiditve 0 03 Atfiva D A dditives0.01 +
Additive8*0.12) wherein the weightiémagnts iof Additive 3, Additive 4,

Additive 6 and Additive 8 are, multiplied (\"*") by their respective, . .
S R e SR R e s S R o e

n%ﬁ&'.@j;ﬁggme}%g wg#'%ggea%i\',\é appyeciate pi ch lbricating, oil additive has

T reoressi
ap lar fu ction, e. an anti-wear a Ive or anti-oxigant adgﬁlveg s510n

nEolid ﬂea&&iga&ﬂe&*ﬂgxim% deRosisforma Lorgggw@cehﬂeug’s@i afut {{%%%gtivgdaihve has a

composition. Accordingly, It is dependént on the particular test being

pSATERL-auidedetermine which additive will be used in, the equadorto.

predict the test result. [00581 As shown in Figure 3, a linear regression

el sed o deterine @ RIBHCIRALBSULAHOGT L LSRANAD. ivic
test 1060T1 (see Figure 1). The coefficients 304 differ
dependent on the particular test being carried out to determine which additive will be used in
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)



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
(2): Prediction, ioDTI exp(Intercept+ (Additive6 + Additive7)*0.01 +
widditivel 200,08 amAddithied dddditiveh )a0i06 7, Additivel XA BY BLe 8+Additive
wherein the weight amounts of (Additive 6+Additive 7), Additive 12,
1 1(Axkdithvii BivAdolitheem 11p RedlbAdikiive: 4@ @recrmafiplied H30theirdrespectidey the
coefficients 304 as determined by the linear regression model. As one
irskitl ehies then arb debuls forthw ispiprediate; wheld &niplopingesiadrevthemeomgoying
additive which are in the same chemical family, e.g., polyalkylene
msuctimimiceaddinmily Mehamonnhofaachheiites &additives arebe gaeseccinimide
together (e.g., additives 6 and 7) and then multiplied by their respective
fagoéffidieataseterrainedsyarddines seybessidn wisdl (00591 fgLres and 7)
and 5 similarly show linear regression models for the wear test 106WT
anghbanegbindisd b Podittertctos DTS FeaP SstRARMRAsIEN hadipges regression
coefficients, equations and predictions which are derived in a similar
mfktion to the aforementioned first deposit test 106DTI and oxidation test

1060T). - | |
[60:59] 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,



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

ubricating oil additives 604 and their values including, for example,
ARG U0 56 B COLET A P Hr e oGy o To
adoUfTorn fhe global model counterparts (e.0., E%%ﬁc’{éﬁ? onding piimized, (2., the

components and thelr réspactive vallues indicated m Figure 1).The total

addijtive cost 602 can be.capied or linked to a glgbal model locatign. i
U R A A S SR SR B2 4000 M08 GO g e

pr‘é’&%%@ﬁ!@%ﬁﬁ%i@ %g%&?% %%SHE%JM%’E&Q@e&?%%%@%‘?&f%@lﬁﬁ, o,

each test. To Ive the best formulation, the test predictions and co

pr%%lag'ﬁ@%mmﬂ@g%ﬁmé%sgmﬁgﬁem@,ﬂg&%@'ﬁe99@&%%%%& €0Rbirainis

and performance is selected). For exaniple, thetest predictions can be

TRPURNZEEMY, YAWING e AAHY 6.60N0EIRHRRS WRIGHE I dHIheERPackages, ¢.o.,

provide the minimum cost while simultaneously meeting the test

vReHQRTaNee consHAINtS ™ he apiver TiVh RRegfaMyised QnMoskmedein:

computer software worksheet packages, e.g., MicrosoftTM Excel, Lotus

opiBREMicRuatRe Rt anddhe likeedvay lesused tenperformHbes eptisnzationde range

of the formulation. Moreover, these and other worksheets can offer a wide
ofangss ff aeeessdmusatsehather prowars: (& aictesafiE MO fficerthermore,

Applications). Furthermore, other worksheet programs or other
opplications:ipeluding customappiideiapplicatiant: candB-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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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 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
j0aEHessed Vie anstwpriécameption ThecCPWTOR e lse @nlp opératigon

system which is compatible with the applications software or programs
datisbabin the (eresdnteifvantiony Tie i -conteslieps TP BEPYE uEITbY i ests and

CPU 702 to access external devices (e.g., analyzers, scanners, printers,
hypthierttsehiperiersmot SATRD REMBTRS FetBiler1ty U3 $opBBa 2PREGHEphich can

704 can optionally store optional analysis tools, optimization data-bases
beetithqedircdbtacveir ey RIBFSAHNG GiREBAPbsition property-determining

tests and hypothetical lubricating oil compositions as required by the
[08pkific apaﬁsa&mmpwaﬁe EERFTBIYSIER Bt AicIEs A Al sl e

via a network. 100641 The computer 70 enelr%#%/d tore d executes
R mppHEERB SO AT TERHICH I R BResEt SIBBAIAEn s NGRS con

Excel Worksheet). The computer 70q8vcan %rocess and stor is%Eformation

pfgp%ﬁ%ﬁﬁ%wfa%éggno% 8%%?&8% s 'c,&t)ié%resggt%rp%a pgssess or can store

0
d%sged data. 100651 In another embodiment of the present invention, the
4819 942 is a standard

{0065] 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™ 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.



IBM-compatible P.C. or other like device (e.g., an Apple TM computer, a
PDA device, a PalImTM-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
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
@16 Gther likd tlewicidad selberralts @ndeirput vembiblessh Hetkeybiohrd %08,
mouse 710 or other suitable device can also be used to select various
cieatares cirthepdpphieatibroioes sefleen Yrephsdoatcetelpantcmiaisoche
used to control the initiation, and termination of the application program in
forauitisnas & Sthier e WH CRBSO2UII0DBTTRE BRI GS tise prddementrast to
invention combines the data models, cost calculation, and optimization
CHOUMSOREChRSI B grAYERD dUsrpcarbtvirboptinize P o hwnmibrggator. The
_lubricating oil compositions to be mathematically derived, in contrast to
IUESR AP PRGAOHES AT PIg B iR SKpETIGRCS AhaRREARSh R Ia Wit as well
formulator. The .integration of these processes allows the formulation to
”t?é%]&iﬁl?ﬁfé’asféar‘%wgéﬁﬁtd&sé/ el e it Hac oriSh Aftaodrapdpysiem of the
ass/fail limits. Accordin '2” the method and system of the  present
Pl ORI ERUA A RBERIY o SFAREE NS (1S A BHBAFatHsHdR fymulate and

formul%tﬁ]glnd optimized Iubricatin{%é)il comg

) ositions, and eliminates
RUM4HR err&?‘i‘ﬁﬁ%ﬁ WATIRHE AoV Sgg‘dﬁ tt%h%ﬂfaﬁﬁgrmany specifics,

specifics.should not i : : :
[6'8§§F P %ﬁlﬁ% e gaove 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.



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 the claims appended hereto. 25 WHAT IS CLAIMED IS: 1. A

method for screening a lubricating oil composition having at least 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
Wil Sast.aneproperty associated with each of the at least one base oil of

lubricating viscosity; (b) computing a prediction of at least one lubricating

oil compositibndofepertendeterhbnicmitgsti resulp foit threHabrigatifgvibne base oil of

composition; (c) computing a cost for the lubricating oil composition; and
lutd)cainpuitngithendstlsise oThbibriettiod of aldimy e, Whershedivesepiog the steps

computing a prediction of at least one lubricating oil composition
ofdrd partytidetetmining resttisrabAeyiecdatanniig compliahts & Kathpgefubricating

specification. 3. The method of Claim |, wherein the step of computlng a
oipeddivtiorbatdtiadat i Wizt SHESATHESMLIP BRSISEIRT ablePRiiaIRgY: 2

test result comprises fields of information including at least one of deposit
VABSATb IS B PEIIES SN WA BopE ras M il %%hor&réﬁ%ﬁrﬂ g0 A“bﬂ?é‘““g

method of Claim 1, wherein the at least one base ojl of Iubrlcatlng
Vk&%@%rt@?sﬂ%‘ﬁéi%ﬁ&f%{lﬁ&ﬁétiﬁ @fleast one lubricating o1i composiiion property~

determining test result for the lubricating 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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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 step of computing
a prediction of at least one lubricating oil composition

property-AeIGImINNg destiasyl E%iBht%é%l?'ﬂ:%%?Bgeq'llb%‘i’éﬁﬁ)%sgf?&‘d&i'ﬁ%is selected

one of a linear regression calculation, a neural netwo caﬂfﬂ ationor a

frngEmg 81}5%%@&9@0?21&@ %@29&%@%‘%&%{%@@%& ﬁI&HI‘%ﬁbitOi’Sz

computing a prediction of at least one lubricating oil composition

dMORRT Y R e HININgGR) sesl fz%med%@ﬁ@%ﬁ@a‘%&!xﬁgrﬂ&%ﬁﬁ%&fﬁ@é?&our

least 6né linear regression model and wherein coefficients in each of the

pcﬁh!%ﬁ?é&%té{”ﬁﬁ%&g[@ %EH&{@JQQ%W&E&?%QJ@Q&‘U watiorsthat-alew.
prediction of test results for hypothetical formulations of lubricating oil

ingempasiionshavipgaileast onehase pilaldubdeating wisaasityane.at
least one lubricating oil additive. 8. The method of Claim I, further
comprising (e) conducting an optimization routine to derive the lowest
cost for a lubricating oil composition, which simultaneously meets given
constraints of a performance target for each test. 27 9. A computer system

for saseamineralubricalingnoil composiiondpavingabieast-onedibase aikofeast one
lubricating viscosity and at least one lubricating oil additive, the system
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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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 with each of the at least one base oil of lubricating viscosity;
(b) means for computing a prediction of at least one
lubricating-oil-composition property-determining test result for the
lubricating oil composition; 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 Claim 9, wherein
the afleasvonetbasetoih dflabreatinpisvositinisod satoraltomdymtngtit 1cast one
oil. 12. The system of Claim 9, wherein the at least one lubricating oll
baadditivé ishselstted ishonivtirdgidapscorsishngomantiaddants, tanfviiear
agents, detergents, rust inhibitors, dehazing agents, demulsifying agents,
cametatideactivating agents, friction modifiers, pour 28 point depressants,
antifoaming agents, co-solvents, package compatibilisers, corrosion-
inhibiter 5 48R IBEEIEPRESHIRE T /B ARTe Bredisiifed Ay dintatasrst one

mixtures thereof. 13. The system of Claim 9, wherein the means for,

s 4Gt taredratiedsta bie b AL St BiFedpg seksqatposition and,
property-determining test result for the Iubricatin% oil comﬁ)osition uses

ORIRNBI R a8k UG TSEIbAPCALIERS 3 FatHa PR CATE it BRuogse ol 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



quadratic calculation. 14. The system of Claim 9, wherein the means for

computing a prediction of at least 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, wherein the means for

computing a prediction of at least one lubricating-oil-composition

property-determining test result for the lubricating oil composition uses a

linear regression model having coefficients which are used to build ,
PRBLLARSAS 101 pHRUiRHRY et TR SUIR YOI SIS ofRE R TORMRAIRIGT RS orrosion-
. lubricating poil compositions having at least one base oil of lubricating
In)ioU8Ey AHEP e 1 §ia8ﬁe3t\d%%8§{f o SHHIES S A% PRAEGSIRATRE

Claim 9, further comprising (d) means for conducting an optimization

routine to derive the lowest cost for a lubricating oil composition, which

simultanequsly meets given constraints of a performance targets for.each

st 1 Ao PO Tee R TR S el s
o£RRNMG. 3 PLOGIAT, O DRIUEORS SKASHIRDIE DY 1S MASING 19:ne oi

perform method steps for screening a lubricating oi composition havifg
c?rég%%ﬁb%ﬂ%é%ao%%% PliBr '&%P&Q.i&l??%%@’aﬁ[}ﬁ Q‘iﬁ%ﬁ%ﬁ\%!\é%&%ﬁ%%ﬁ%d a

additive, the method steps comprising: (a) inputting into a computationa
q%‘{i&ﬁ anamaynt of gach of the at Igaas_t one Iubricatin_g 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

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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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 composition.
IS. 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. 30 19. 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 comprises fields of
informatitheingushingf atldeast, dmehof deppsiiferdatiearprioperies angian
wear properties and oxidation properties. 20. The computer program
opdeviceiof Elaime 17 darfterdin kheeat desstoondubasetoif of ! habrisdting, which
viscosity is a natural or synthetic oil. 21. The computer program device of
si@lainets wheeiinzivenatolsist o e llalpdcating it taduitverisasblested 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-sdiVerts Cpatkelge WB A AT ERd2 RGPy signeritmsiters  shiarodying a
dispersants, dyes, extreme pressure agents and mixtures thereof. 22. The,
PIESFAPUEIMSTOGHERS datreeBreChths T:'ﬁ,cga)ﬂ%ﬁé?iﬁ@ﬂf@%&é’ﬁf@ﬁééﬁﬁmmﬁ@fé@emng a
prediction of at least one lubricating oil compasition property-determining
i | RERPORBIOB G IRB & F’eﬁ?@&&iB?F‘EQ&%WSHF%FHM#%‘P%&KAMM least one

calculation orda quadratic %alifulation. .
lubricating otl 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,



31 23. 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 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. 24. The computer
program device of Claim 17, further comprising (d) conducting an
optimization routine to derive the lowest cost for a lubricating oil
compokitiols, SORIEH SiNRetaRetHY Aidee Bilénvdurnaitaistsier of computing a
performance targets for each test. 32 ABSTRACT [0069) A method for
PISEREaRrY & RFBHCQRING BIFESESOSTRBIP PRV PAP RSBt dSHETBSRE Gitapsult
Iubripatirtlg viscosity and at |east one lubricating oil additive is provided, the
CometRsd TSI T Steps v 09 hisating Sl aRas SRt RAT GRYIdES. anti-
an amount of egch, f the at least one lubricating oil additive, based on
e REIBFWETGHY o?)iﬁétlﬁﬁﬁ?&%ﬁ’iﬁe&il composition and, optionally, a value
of at least one property associated with each of the at least one base oll
of lubricating viscosity; (b) computing a prediction of at least one
lubricating.oil compaosition property-determinjng test result for the .
bricating G1° DR CRA ) Eaatd ot Or e RbHcBthg b off o
ngom Qsition; andi(sdg} ol é%txt)irn t ee{gs&lts. Also provided are systems

T] mr%wscoszt ?t . . . . -
and computer program devices for screening lubricating oil compositions.

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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23. 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 for the
Jubricating oil composition uses a linear regression model having coefficients which are used
to build equations for predicting test resuits for hypothetical formulations of lubricating ol
compositions having at least one base oil of lubricating viscosity and at least one lubricating

oil additive.

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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