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SCREENING METHODS FOR LUBRICATING OIL COMPOSITIONS
W%@%@%\ID OF THE INVENTION 1. Technical Field The present
|nvent|on relates generally to methods for high throughput screerﬁ'ﬁgﬂéﬁom’m“”
lubricating oil compositions. 2. Description of the Related Art The use of a
combinatorial approach for materials synthesis is a relatively new area of
research aimed at using rapid synthesis and screening methods to build

libraries of polymeric, |Hg§gp@%§gl}ga§t@t§mt@ﬂ% For example,
advances in reagtordeshnology have STNeNsTEd eheptisiErangd gngineers

to rapidly produce large libraries of discrete organic molecules in the
pursuit of new drug discovery, which have led to the development of a
@awngibrangh ofr asearshyealteghepmbinatorial chemistry. Combinatorial
chemistry generally refers to methods and materials for creating
qollestiens:pfididerse materials or compounds--commonly known as
libraries--and to techniques and instruments for evaluating or screening
librarie§tiepaesirablepiopesties: sBraskintly ieseasebrinithatuhriganit screening
industry involves forming candidate lubricating oil composition and then
péfbrmingaaacnyssalemanalysis of the formed composition. If the
results of the test(s) are not satisfactory, the entire testing procedure will
SISIS I : pgesidn of individual candidate compositions, until
one of the tested candldates will meet the required criterion. Typically, the
methoag'l@ﬁiﬁp |@’§/egoﬁ@bmatonal approach for materials synthesis is a relatively new

area of research aimed at using rapid synthesis and: screening methods to build libraries of
polymeric, inorganic or solid state materials. For example, advances in reactor
technology have empowered chemists and engineers to rapidly produce large libraries of
discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaiuating or screening libraries for desirable properties.
Presently, research in the lubricant industry involves forming candidate
lubricating o1l composition and then performing a macro-scale analysis of the formed
composition. If the results of the test(s) are not satisfactory, the entire testing procedure
will be repeated for a succession of individual candidate compositions, until one of the
tested candidates will meet the required criterfon. Typically, the methods employed for

testing each candidate composition require manual operation. This, in turn, significantly



testing each candidate composition require manual operation. This, in

turn, significantly WO 2005/042765 PCT/US2004/036071 reduces the

number of compositions that can be tested and identified as leading
WO oil compositions. Ensuring proper function of lubrRGEfEHip+/036071

compositions is critical to the successful operation and maintenance of

mechanical systems, such as an automobile engine. Based on the

current testing technique, as disclosed above, analysis of each oil
comrgigsition candidate is time consuming and costly. Thus, it would be

redyfes ifepletbetRictemBasiien detiasaduitead A iAeTRAshs deadiig lubroating

.. procedures and to increase the efficiency thereof. Additionally, changes

oil 4arpastifiBStions and changing customer needs including new statutory
requirements also drive reformulation efforts in gther lubricant applications
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screening of su compositions for information correlatlng tot

decREibA SV REEREESH AT HRAROMPRIHANS X GHIE AvRiRRI.Qf e

complete data and efficient searching tool'is critical to respond to, react to
effidhg eugRepredict constantly changing new operating conditions and
governmental and industrial standards or specifications. Thus, it would be

invalgibitenHily, changes in specifications and changing customer needs including
new statutory requirements also drive reformulation efforts in other lubricant applications
such as, for example, transmission fluids, hydraulic fluids, gear oils, marine cylinder oils,
compressor oils, refrigeration lubricants and the like.

However, as stated above, present research in the lubricant industry does not
allow for reformulation to occur in an expeditious manner. As such, there exists a need
in the art for a more efficient, economical and systematic approach for the preparation of
lubricating oil compesitions and screening of such compositions for information
correlating to the actual useful properties of the compositions.

Yet the availability of the complete data and efficient searching tool is critical to
respond to, react to and even predict constantly changing new operating conditions and
governmental and industrial standards or specifications. Thus, it would be invaluable if
the data regarding a variety of diagnostic tests such as wear tests were complete and
efficiently searched to design and select optimal Iubricating oil compositions for

applications such as diesel or internal combustion engines.



the data regarding a variety of diagnostic tests such as wear tests were
complete and efficiently searched to design and select optimal lubricating
oil compositions for applications such as diesel or internal combustion
engines. 2 Accordingly, it would be desirable to rapidly test, classify and
screen a plurality of sample candidate lubricating oil compositions utilizing
small amounts to automatically determine and catalog anti-wear
lubricating properties. In this manner, a high throughput screening of a
vast number of diverse compositions can be achieved to select and
idendfersdmnaly- | Hpreddrs oRstsRp oo hieetirlasshr et artfwenurality
needs. SUMMARY OF THE INVENTION In a first aspect, there is
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compositions, under program control, comprising the steps of: (a)
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. comprisjng (i) a major amount of at least one base ojl of lubricating .
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aspect, there is provided a high throughput method for screening
lubricating oil compositions, under program control, comprising the steps

'S{ﬁﬁ}\@ﬁ;mﬁ_%&different lubricating oil (_:omposi_tion_ samples
—comprising (i) @ major amount of at least one base oil of lubricating

viscas Qg Mla Mgt AMAIRLEL dtleash anf WRIGRI e ladsitie: ()
g extreme-pressure wear stability of” each sample to provide
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providing a plurality of different lubricating oil composition sampies comprising (i) a
major amount of at least one base oil of lubricating viscosity and (ii) a minor amount of
at least one lubricating oil additive; (b) measuring wear stability of each sample to
provide wear stability data for each sample; and, (c) outputting the results of step (b).

In a second aspect, there is provided a high throughput method for screening
lubricating oil compositions, under program control, comprising the steps of: (a)
providing a plurality of different lubricating oil composition samples comprising (i) a
major amount of at least one base oil of lubricating viscosity and (ii) a minor amount of
at least one lubricating oil additive; (b) measuring extreme-pressure wear stability of
each sample to provide extreme-pressure wear data for each sample; and, (¢) outputting
the results of step (b}, thereby assembling an electronic fibrary.

In a third aspect, there is provided a high throughput method for screening

lubricating oil compositions, under program control, comprising the steps of: (a)
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the results of step (b), thereby assembling an electronic library. In a third
aspect, there is provided a high throughput method for screening
lubricating oil compositions, under program control, comprising the steps
of. (a) 3 providing a plurality of different lubricating oil composition
samples comprising (i) a major amount of at least one base oil of
lubricating viscosity and (i) a minor amount of at least one lubricating olil
additive; (b) measuring hydrodynamic wear stability of each sample to
provide hydrodynamic wear stability data for each sample; and, (c)
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In a fourth aspect, there is provided a high throughput method for
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one lubricating oil additive; (b) measuring corrosive wear stability of each sample to
provide corrosive wear stability data for each sample; and, (¢) outputting the results of
step (b), thereby assembling an electronic library.

In a fifth aspect, there is provided a high throughput system for screening a
plurality of lubricating oil compositions, comprising: (a) a plurality of test receptacles,
each containing a different lubricating oil composition each comprising (i) a major
amount of at least one base oil of fubricating viscosity and (ii} a minor amount of at least
one lubricating oil additive; (b) a moving unit configured to individually position each of
the plurality of lubricating oil compositions in a testing station for measurement of wear
stability of each of the lubricating 0il compositions; and, (¢) a controller coupled to the
testing station and configured to receive and store the measurements of wear stability of

each of the plurality of lubricating oil compositions.



stability of each of the lubricating oil compositions; and, (c) a controller
coupled to the testing station and configured to receive and store the
measurements of wear stability of each of the plurality of lubricating oil
compositions. 3a In a sixth aspect, there is provided a high throughput
method for screening lubricating oil compositions, under program control,
comprising the steps of: (a) providing a plurality of different lubricating oil
composition samples comprising (i) a major amount of at least one base
oil of lubricating viscosity and (ii) @ minor amount of at least one
lubridatiniy GirsRigHiveE ed5 MeussAid eb A ouding srdndhiainsr e
provide wear stahility data for each sample, wherein the wear stability is
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pressure wear test, 111 drodynamic wear test, corrosive wear test and
PR RIS IR R ) BLALRHER e QMR U et B 6 Sy Rk
the outputted results of ste ach, of the extreme, pressure
AT SN IR e T ey A A o e o
«« 16 Qupited. esulis associated with cach of the pluralibr of Jubricating of
compositions, wherein each” one Gf the Wear tests is Selected to be

pr&oﬁw%%? s?él@ﬁi?{?&%?%é’c%%ﬁﬁﬁ%f%&%ﬁh of Ol ap ﬁgﬁingw ureg by a

Internal combustion engine; and (e) storing a reference value selecte
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compositions to the stored reference value in accordance with the
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method for screening

hydrodynamic and corrosive wear tests, thereby assembling a library of the outputted
results associated with each of the plurality of lubricating oil compositions, wherein each
one of the wear tests is selected to be indicative of performance of a selected part of or
an entire running internal combustion engine; and (e) storing a reference value selected
from desired operating conditions or statutory requirements and comparing the outputted
results of at least one of the extreme pressure, ydrodynamic and corrosive wear tests of
the plurality of lubricating oil compositions to the stored reference value in accordance
with the program control.

In a seventh aspect, there is provided a high throughput method for screening
lubricating oil compositions, under program control, comprising the steps of: (a)
providing a plurality of different lubricating oil composition samples comprising (1) a

major amount of at least one base oil of lubricating viscosity and (i1} a minor amount of

at least one lubricating oil additive; (b) measuring wear stability of each sample to
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lubricating oil compositions, under program control, comprising the steps
of. (a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating
viscosity and (i) a minor amount of at least one lubricating oil additive; (b)
measuring wear stability of each sample to 3b provide wear stability data
for each sample, wherein the wear stability is measured by a test
selected from the group consisting of an extreme pressure wear test,
hydrodynamic wear test, corrosive wear test and a combination thereof;
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arranging a plurality of vessels in a
stability tests stored in the library upon changing the plurality of conditions in

accordance with the program control.

In an eighth aspect, there is provided a high throughput method for screening
lubricating o1l compositions, under program control, comprising the steps of: (a)
providing a plurality of different lubricating oil composition samples comprising (i) a
major amount of at least one base oil of lubricating viscosity and (ii) @ minor amount of
at least one lubricafing oil additive; (b) storing each of the plurality of lubricating oil
composition in a respective vessel, and arranging a plurality of vessels in a
predetermined sequence; (c) displacing the plurality of vessels of lubricating oil
composition samples to a testing station configured to provide at least one of a extreme
pressure wear stability test, hydrodynamic wear test, and the corrosive wear test to
determine anti-wear properties of each of the tested lubricating oil composition samples

in accordance with the program control; (d) measuring wear stability of each sample by



predetermined sequence; (c) displacing the plurality of vessels of
lubricating oil composition samples to a testing station configured to
provide at least one of a extreme pressure wear stability test,
hydrodynamic wear test, and the corrosive wear test to determine
anti-wear properties of each of the tested lubricating oil composition
samples in accordance with the program control; (d) measuring wear
stability of each sample by 3c a test selected from the group consisting of
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and a combination thereof; and, (c) a controller coupled to the testing
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cadhehypliyanfWiligatingied conpasitongsthcietyiassemling ablyaameht
the outputted results associated with each of the plurality of lubricating oll
of cempesitians{ each of the lubricating oil compositions, wherein the wear stability is
measured by a test selected from the group consisting of an extreme pressure wear fest,
hydrodynamic wear test, corrosive wear test and a combination thereof; and, (¢) a
controller coupled to the testing station and configured to receive and store the
measurements of each of the extreme pressure, hydrodynamic and corrosive wear tests
of each of the plurality of lubricating oil compositions, thereby assembling a library of
the outputted results associated with each of the plurality of lubricating oil compositions,
wherein each one of the wear tests is selected to be indicative of performance of a
selected part of or an entire running internal combustion engine; and comparing the
outputted results of at least one of the extreme pressure, hydrodynamic and corrosive
wear tests of the plurality of lubricating oil compositions to a stored reference value

selected from desired operating conditions or statutory requirements in accordance with

the program control.
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wherein each one of the wear tests is selected to be indicative of
performance of a selected part of or an entire running internal combustion
engine; and comparing the outputted results of at least one of the
extreme pressure, hydrodynamic and corrosive wear tests of the plurality
of lubricating oil compositions to a stored reference value selected from
desired operating conditions or statutory requirements in accordance with
the program control. 3d In a tenth aspect, there is provided a system for
screening a plurality of lubricating oil compositions, under program
contfor EGHMpHBRTY: ey pripaidy Ot tsterelbs seeradn ea sl taMing a
different Jubricating oil composition each comprising_ (i) a major amount of
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least one lubricating oil additive; (b) a movin_%j unit configured to
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wherein each one of the wear tests is selected to he indicative o
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engine; and further configured

controller coupled to the testing station and configured to receive and store the
measurements of each of the extreme pressure, hydrodynamic and corrosive wear tests
of each of the plurality of lubricating oil compositions, thereby assembling a library of
the outputted results associated with each of the plurality of lubricating oil compositions,
wherein each one of the wear tests is selected to be indicative of performance of a
selected part of or an entire running internal combustion engine; and further configured
to analyze a change of the outputted results of each of the extreme pressure,
hydrodynamic and corrosive wear stability tests stored in the library upon changing a
plurality of conditions in accordance with the program control.

Disclosed is a high throughput screening method of lubricating oil compositions,
under program control, comprising the steps of: (a) providing a plurality of different
lubricating otl composition samples comprising (i) 2 major amount of at least one base

oil of
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to analyze a change of the outputted results of each of the extreme
pressure, hydrodynamic and corrosive wear stability tests stored in the
library upon changing a plurality of conditions in accordance with the
program control. Disclosed is a high throughput screening method of
lubricating oil compositions, under program control, comprising the steps
of. (a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of 3e lubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive; (b)
lubmieatsrgirigonsaraskhbility oimacsanipieatdgaro vivlvbeisedigiityddhitadord)
each sample; and, (c) outputting the results of step (b). Also disclosed is
m%ﬁﬂ@ﬂgth&%gﬁbﬂt% iheprmiekhisarsTvidsricatingebil icolnisdsitions, sandes:
program control, comprising the steps of (a) providing a plurality of
an@blﬁ*”ﬁ@?ﬁ?%ﬁ%é@ﬁ@%iﬁé@%ﬁé%n samples comprising (i) a major amount
of at least  one base oil of |lubricating viscosity and i) a minor amount of
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stability of each sample to provide extreme-pressure wear data for each
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extreme-pressure wear data for each sample; and, (c} outputting the results of step (b).



oil additive; (b) measuring hydrodynamic wear stability of each sample to
provide hydrodynamic wear data for each sample; and (c) outputting the
results of step (b). Also disclosed is a high throughput screening method
of lubricating oil compositions, under program control comprising the
steps of (a) providing a plurality of different lubricating oil composition
samples comprising (i) a major amount of at least one base oil of
lubricating viscosity and (ii) a minor amount of at least one lubricating oll
additive; &b) measuring corrosive wear stability of each sample to provide
corrdSRIEGEH T4 1HR e SERUSRBIET ST 1 HRpH Oy RHSAYERURS of step
ég&d. BRIEF D%SCRIPTION OF THE DRAWINGS TP above and oﬁher.
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capable of carrying out the method of FIG. 2; FIG.™4 is an exploded view
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of carrying out a plurality of wear tests in accordance with the method
compositions, under program control comprising the steps of (a) providing a plurality of
different lubricating oil composition samples comprising (i) a major amount of at ieast
one base oil of lubricating viscosity and (ii) a minor amount of at least one lubricating

oil additive; (b) measuring corrosive wear stability of each sample to provide corrosive

wear data for each sampile; and (c¢) outputting the results of step (b).

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages will become more readily apparent
from the detailed description of the preferred embodiments of the present invention
accompanied by the following drawings, in which:

FIG. 1 is an example of the system of the present invention;

FIG. 2 is a flow chart of the method of the present invention for determining and
storing anti-wear properties of a plurality of lubricating oil compositions provided in

accordance with the system of FI1G. 1;



and system of the present invention; FIG. 5 is an isometric view of a
Four-Ball Block Test 500 shown as another example of machinery
cﬁ%ﬁzble_ /of carrying out a plurality of wear tests in accordance with_the

e 8$£ﬁa7§§/stem of the present invention; and, FIG. 6 is a flow CHERERT/09607E
another embodiment the inventive method of FIG. 2 for determining and
storing anti-wear properties of a plurality of lubricating oil compositions.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS The

present invention, js directed to a high throughput screenin thod for
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each reservojt cRRgINS: R Jilferent brasing Btk eRPRRILRRNRYING Gher

different composition depending upon the percentage amounts 5 WO

200RMM ST BaRadi-agiid 13007k and/opREs A the addii@siceordance with

combined with the base oil of lubricating viscosity in each receptacle.
Datadegardingsthercompesitomoheasivsasgle are stored in a data

library.
FIG. 6 is'a flow chart of another embodiment the inventive method of FIG. 2 for
determining and storing anti-wear properties of a plurality of lubricating oil

compositions.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed to a high throughput screening method for
determining lubricant performance of a plurality of different lubricating oil compositions
by subjecting a plurality of different lubricating oil composition samples in a respective
one of a plurality of test receptacies to measure wear stability. The expression “high
thropghputf as used herein shall be understood to mean that a relatively large number of
different lubricating oil compositions are rapidly prepared and analyzed. In a first step of
the screening method of the present invention, varying quantities of at least one base oil
of lubricating viscosity and at least one lubricating oil additive are introduced in
respective test reservoirs so that each reservoir contains a different lubricating oil

composition having a different composition depending upon the percentage arnounts



The procedure is advantageously accomplished under program control
and is automatically controlled by, for example, a. 'm'i‘ﬁzroprocessor or
other computer tontrol device. The expression "program control" as used
WhEIEH-GRat be understood to mean the equipment used herBfFTiS2004/636071
providing the plurality of lubricating oil compositions is automated and
controlled by a microprocessor or other computer control device. The
lubricating oil compositions for use in the high throughput screening
method of this invention include as a first component a major amount of
andfprdansi of fappéditines rsdasry ety therban ot dekyieaites oSty Wreagh
preferably greater than about 70 wt. %, more preferably from about 80 to
receipiusile 0B A TELIE BRSSPI fisith SaBHE 8% G ab U SBWHPHY-

based on the total weight of the compositi(gn. The expression "hase oil"
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manyfacturer's.location); that ele,ts the same man actu er'§
device. eetxgr@ssm& I]%)n% éra CQ I%?‘o as used herein shall pe undersiood to mean the
specification; and thatds identified By a uniqué formula, product

dentificati L for
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auté%?é%ﬂé%ﬂ&tiﬁél‘fﬂy ﬁ%}?&oﬁ?&@%&“%ﬁg{' Mp@l@ @cuaﬁlcﬂ? Revice.

applications, e.g., engine; oils, marine cylinder oils, functional fluids such

as ydraicaiss 98 bRIRsIRNS TusalRNfItE$: Sl GnbedifenaliYenths asRd

oils for use herein can optionally contain viscosity index improvers, e.g.,
of tRRINEHIGAKKARRIIAG YiatesQefiBit SORPHRRKINE bR oil of lubricating

ethylene-propylene copolymer or a styrene-butadiene copolymer; and the
visdigranchmixtures i ergeéaer than 50 wi. %, preferably greater than about 70 wt.
%, more preferably from about 80 to about 99.5 wt. % and most preferably from about 85
to about 98 wt. %, based on the total weight of the composition. The expression “base
0il” as used herein shall be understood to mean a base stock or blend of base stocks
whichis a lubricant component that is produced by a single manufacﬁxrer 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 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 such applications, e.g., engine oils, marine cylinder otls,
functional fluids such as hydraulic oils, gear oils, transmission fluids, etc. Additionally,
the base oils for use herein can optionally contain viscosity index improvers, e.g.,
polymeric alkyhmethacrylates; olefinic copolymers, e.g., an ethylene-propylene

copolymer-or a styrene-butadiene copolymer; and the like and mixtures thereof.



WO 2005/042765 PCT/US2004/036071 As one skilled in the art would

readil)) appreciate, the viscpsity of the base oil is dependent upon the
application. Accordingly, the viscosity of a base oil for use herein will
ﬁﬁﬁ&?ﬁ@f&ﬁ@e from about 2 to about 2000 centistokes (cSt) at HEHUS2084/836071
Centigrade (C). Generally, individually the base oils used as engine oils

will have a kinematic viscosity range at 100C of about 2 ¢St to about 30

cSt, preferably about 3 ¢St to about 16 c¢St, and most preferably about 4

cSt to about 1 t.and will be selected or blended éjpgpendir] on the o
desired ﬂlﬁg@f LR I R a R Sil &%@fh‘% gElipdrpse oil is

grade of engine oil, e.g., a lubyicati il composition haying an SAE .
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5W:20,.5W-30, 5W-40, 5W-50, 5W-6 W, IOW-20, IQW- W-40,

S B R B AT PRI THe e e O LimiErade (©).
iscosities )i rom about 2 eSt to abqut 2000 cSt.at 100C. . .

R0 0 T AR o Sl SRR 3 Bhotiali vigosity

ipﬂg@MOdaetm%Bmer&%fA&%M%éﬁ g%?&ﬂ@{{ééiqg% ?x&r?@gg%% 16 cSt, and

processing, oligomerization, esterification, and r g. Rere stoc

shadl Bravhstpiaiv freedronam ﬁ%ﬂ%&%ﬁ%%%ﬁéty@eme?@d depending on:

manufacturing, contamination, or previous use. The base oil of the

lyricating Qih cRERRSIHORSAhISI VSRR DB REARVINAMLA crade of

synthetic lubricating base oil. Suitable hydrocarbon synthetic oils include,

Rupiakeonot liMiteshio il RIERAHsifioNhiRe.paly RISH AR B efheneow,
from the polymerization of 1-olefins to provide polymers such as

oyalpalefin oy -BE QWis) ariran Sydroanopswysihewisip eawhiesw-60,
using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch
pfoEe38WRa0, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils
used as gear oils can have viscosities ranging from about 2 ¢St to about 2000 ¢St at
100°C.

Base stocks may be manufactured using a variety of different processes including,
but not lirmted to, distillation, solvent refining, hydrogen processing, oligomerization,
gsterification, 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
from the polymerization. of ethylene or from the polymerization of I-oleﬁﬁs to provide
polymers such as polyalphaelefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process. For
example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,

if any, hube oil fraction of viscosity 20 ¢St or higher at 100°C.



example, a suitable base oil is one that comprises little, if any, heavy
fraction; e.qg., Ilttte if any, lube oil fraction of viscosityQO cSt or higher at""")
100C. 7 WO 2005/042765 PCT/US2004/036071 The base oil may be
WQ A6 natural lubricating oils, synthetic lubricating oils B Fiixa%Rs&36071
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
andf g}r components of the crude. Suitable base qils include those in all
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the paraffinic, naphthenic or mixed paraffmi¢-naphthénic types, oils

in SPTHECLIAM-CPAON ShAtRH ARMA QIR IBIADIPOHS 6ty RPERERHLIR:

castor oils and lard oil), and the like. Useful synthetic lubricating oils

polafiidsiehys ara Opt inigdieatysiioaaings gilssandhalonswostitkietd in

‘hydrocarbon oils such as polymerized and interpolymerized olefins, e.g.,

Graglyburyiene IV oM eRH enesp RIORY RS BRMEWIEN& CHRWNETSs use in
chlorinated polybutylenes, poly(I-hexenes),

thipplyfdtionteines ppdly(dddrce s marisk the pie @B combining one or more of
Group I, I, HI, IV and V base stocks or base oils.

- Useful natural oils include mineral lubricating oils such as, for example, }iéuid.-
petrolewm 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.

Useful synthetic Iubricating oils include, but are not limited to, hydrocarbon oils
and halo-substituted hydrocarben oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes; polypropylenes, propylene-isobutylene copolymers, chlorinated...
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(l—d@cenes), and the like and
mixtures thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-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.



mixtures thereof; alkylbenzenes such as dodecylbenzenes,
tetrad)ecylbenzenes, dino?ﬂylbenzenes, di(2-ethylhexyl)-benzengs, and the

kg ReL yls such as biphenyls, terphenyls, alkylated polyphenyls,
and t e’)ll(l)?(%‘;?%llcylated diphenyl ethers and alkylated diphenyl ﬁﬁﬁéﬁ%ﬂow 036071

and the derivative, analogs and homologs thereof and the like. 8 WO
2005/042765 PCT/US2004/036071 Other useful synthetic lubricating oils
include, but are not limited to, oils made by polymerizing olefims of less

than 5.carbon atoms,such,as ethylen ropylene, butylenes, isobutene
pontot N A e e S T AR PR e oy
f . killed.in.the art. Additional ful.syn i
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EAAMRIen IodRseNG iimer anether class of useful synthetic lubricating
oils include, but are not limited to, allcylene oxide polymers, i.e.,

homopaliimesst iREEIPShHMENS. I BatvatNe SH1gse H Wi ae e -{eminah.

hydroxyl groups have been modified by, for example, esterification or

st fieationhd beseolsae e xempbifigy e the: ol ArepMed ienehs are the

polymerization of ethylene oxide or propylene oxide, the alkyl and phenyl
Isiheswiithermifalligayriisyde R tpalyriehs (Eefindvaihvk PRIyRRANE Nedecene

glycol ether having an average molecular weight of 1,000, diphenyl ether
tofipalyethylene glycol having a molecular weight of 500-1000, diethyl

ether of polypropylene glycol having a molecular weight of 1,000-1,500,

etc.) ohnother class of useful synthetic lubricating oils include, but are not limited to,
alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
etherification. . These oils are exemplified by the oils prepared through polymerization of
ethylgne 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 polysthylene glycol having a molecular weight of 500-1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed
C3-Cs fatty acid esters, or the Ci30xo0 acid diester of tetrasthylene glycol.

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, alky! succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, finmaric acid,
adipic acid, linoleic acid dimer, malonic acids, atkyl malonic acids, alkenyl malonic

acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,



mono- and polycarboxylic esters thereof such as, for example, the acetic
esters, mixed C3-Cs fatty acid esters, or the C130x0 acid diester of
tetraethylene eg”boI. Yet another class of useful synthetic lubricating oils

W& 0] are not limited to, the esters of dicarboxylic acidEHUS2004/036071
phthalic acid, succinic acid, alkyl succinic acids, allcenyl succinic acids,
maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic
acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl

R B AR S LR B o
2-ethyllhexyl alcghol, ethyl lycql, diethyl her, .
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corigtRRINMERS Sl ARG bre-malesrat 2:athuinexanais Agis angt the like.

sters useful as synthetic oils also include, but are not limited to, those

tetrRAAGHOMyGATRQIMIG R6ids daving fiom At Ul-Rl ithalkLiil2 carbon

atoms with alcohols, e.g., methanol, ethanol, etc., polyols and polyol

ethersisueh-as ReSRERNINE BYselsdrimaibyleuenmenprtas bl alade from
dipentaerythritol, tripentaerythritol, and the like. Silicon-based oils such as,

carbok gxanerle hpabaliyh, poliad yb- apelyalkexyoarapaty anytoxysiloxane, oils
and silicate oils, comprise another useful class of synthetic lubricating

metbilaoB peeifid examplgslohtidgrdyiolcttites buflaie meoblinniied teoltatiaethylo]
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.

Silicon-based oils such as, for example, pely;alkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
Iubricating oils. Specific examples of these include, but are not limited to, tetracthyl
silicate, tetra-isopropyl silicate, tetra<(2-ethylhexyl) silicate, tetra~(4-methyl-
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,
poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful
synthetic lubricatitig oils include, but are not limited to, liquid esters of phosphorous
containing acids, e.g., tricresyl phiosphate, trioctyl phosphate, diethyl ester of decane
phosphionic acid, ete., polymeric tetrahydrofurans and the like.

The Tubricating 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 forther purification or treatment.
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silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate, tetra- (4-methyl
hexyI)S|I|cate tetra-(p- terti\butylphenyI)S|I|cate

hex 4 methyl-2- pentoxy)dlsﬂoxane poly(methyl)siloxanes,
BJQy%?%é?ﬁ T ?lenyl)snoxanes and the like. Still yet other useful %9%%%1’(94’036@71
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 tetrahydrofiuans and the like.

TheI bI‘IC tin be deri from unre d refined and rerefped
Esifgop fﬁ‘" Pﬁ%%ﬁ?&fgng% \%P?f T %’ﬁl b Aaraco? a(r%/{o e&sue&éi
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or sy I'lfh IC source , COal, S ar sands pitumen
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petroleum ol obtalne ectly from distillation or an ester oll obtained

sdifectiv fram an esierfication ALOces $1:5a¢H REMNER IS themHssdyithqut

further treatment. Refined oils are similar to the unrefined oils except they

T'?x@é’@ﬂ%@ﬁéaﬁéﬁ'i@{ fgdip BISAERRDN ifigatiomstenade iBRIQYeRNe
or more properties. These purification techniques are known to those of

d g@:tQﬁ@ﬁi@%&@ﬁ&ﬂ@,esefwn@@raﬁra{gmﬁlﬁ,em@zsmmasﬁgﬁ,nﬂwmm,
ISt

lation, acid or base extraction, filtration, percolation, hydrotreating,
peRWRXIRG toRensin AidilsiRrcca @ Bedid e irgobaeRe DN iitatng used

processes similar to those used to obtain refined oils. Such rerefned oils
otlsspfsocdsendindbir ecthivnedsed teplasessdnallsiBnduiterraf@ed oils are also
additionally processed by
known as reclaimed or reprocessed oils and often are additionally processed by
techniques directed to removal of spent additives and oil breakdown products.

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 mixtores thereof over a hydroisomerization catalyst.

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

The second component of the lubricating oil compositions for use herein is at
least one lubricating oil additive. Such additives can be any presently known or later-
discovered additive used in fornmlating lubricating oil compositions. The lubricating oil

additives for use herein include, but are not limited to, antioxidants, anti-wear agents,

detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,

11



techniques directed to removal of spent additives and oil breakdown

products. Lubricating oil base stocks derived from the*hydroisomerization

of wax ma‘lx also be used, either alone or in combination with the ’
WO RIREUT Satural and/or synthetic base stocks. Such wax isofRa/EEWi/ 6071

produced by the hydroisomerization of natural or synthetic waxes or

mixtures thereof over a hydroisomerization catalyst. Natural waxes are

typically the slack waxes recovered by the solvent dewaxing of mineral

oils; synthetic waxes are_ typically the wax produced by the

mefel e BB o PRI NP B AR LR SSF i BTG o ents

compositions for use herein is at least one, lubricating oil additive. Such
co-SA S ke ey LSy ORI R O USROS DLEH in
formulating lubricating oil compaositions. The lubricating oil .additives for
X TR IR "Bl B ROUMTHERIYS: BReh e St PSR,
detergents such as metal detergents, rust inhibitors, dehazing agents,
L R e T e e
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agents, "co-solvents, package compatibilisers, corros itors,

emRYEERARR ISR S EXIRMEINESHIE 5960k5,806 dhe likeiand

mixtures thereof. Greases will require the addition of appropriate

thickeners sfeMaietY Ottt Giivea V& SRaw ARG commesci@i¥nt oil to
available. These additives, or their analogous compounds, can be

forBRRIQVBEVIOE She-prararation ebibenvatiousdrinyicating ol Lasn eSSt 90
herein. Alternatively, the lubricating oil additive(s) can further contain a
wi. QU b IR0 wt. % and preferably from about 90-wt. % to about 50 wt. %, of a
diluent oil and fromabout 10 wt. % to about 90 wt. %, preferably from about 10 wt. % to
about 50 wt. %, of the foregoing additive(s). Swtable dilvents 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 reacdily mixed with
Iubricating oils to prepare lubricating oil compositions. Suitable lubricating oils that may
be used as diluents can be any oil of lubricating viscosity.

Examples of antioxidants include, but are not limited to, aminic types, e.g.,
diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and.alkylated
phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl
phenols-such as 2,6-di-tert-butylplienol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-
(2-octyl-3-propanoic) phenol; sulfur-contaihing materials, e.g., sulfurized olefins or esters

and the like and mixtures thereof
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form an additive concentrate. These concentrates usually include at least

from ébout 90 wt. % to about 10 wt. % and preferably from abo\qjt 90 wit.
wt. %, of a diluent oil and from about 10 wt. % to_ 90

%v?t%%é?%%g?g?gbly from about 10 wt. % to about 50 wt. %, of the%%%ggjo%ﬁ%wsmn

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 i ubtealiRg QS0 U RRAE ATISRUG, Glhgampesijans. Suitable

lubricating oils that may be use fluents can be any oil of lubricating

dviseoRitn FrramRies AhaiRdaNS nC b EIS R Pollinited onaming,

types, e.g., diphenylamine, phenyl-alpha-napthyi-amine,

M aiyiRhe Ay aminesi anthalkyialed JlieRylaRestianings wRienolics

such as, for example, BHT, sterically hindered alkyl phenols such as

Hifbetlirtasshotphe MbtAiR- BB uhd DrsrasokaopipSrdide ik biiwddar

(2-octyl-3-propanoic) phenol; sulfur-containing materials, e.g., sulfwized
Lolefics < dstraisand, thepbkenand M esrRabe L NVYRAREO DI04 248 For
PCT/US2004/036071 Examples of antiwear agents include, but are not

elimitple togzinky didlicylvlittiophasphaiesiaspitieg digfddihisphospnedgs, .
e.g., those described in an article by Born et al. entitled "Relationship ”

phetpleenl BheonipaiuBtsunitink andh Eftedittinesb af SamendvetaljcRidbglides
and Diaryl-dithiophosphates in Different Lubricated Mechanisms",

ang Heokiraind mubheetitieselience 4-2 January 1992, see for example - -

pages 97-100; aryl phosphates and phosphates, sulfur-containing esters,
Examples of detergents include, but are not limited to, 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 0 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.
Examples of rust inhibitors include, but are not limited to, nonionic .
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbitol monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate;. stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid
amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric

alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof and
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phosphosulfur compounds, metal or ash-free dithiocarbamates, xanthates,
alkyl sulfides and the like and mixtures thereof. Examples of detergents
include, but are not limited to, overbased or neutral detergents such as

WQLﬂ%H&f@ﬁ%tergents, e.g., those made from alkyl benzene arRfflffiz04/036071
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

nitrpERN y S BREAlsEIED RS dstel sty ahatisdterabyrericasot: TR about

25. Low overbased metal sulfonates and, neutral metal sulfonates are well

dingpyRaPiHbHeRs S ERpat s RSP PSR AR ISR AR AGE%but are not limited to,
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carboxylic acid ester of polyhydric alcohol; phosphoric esters;

the %%ﬁﬁ@%ﬁ%%h@&g@%@ﬁ roRRIHERGSHeGPERANLR ¥iidinea
2005/042765 PCT/US20041036071 nitrogen-containing derivatives

frofhereafiisy praatic alkacyl sy fon et 8ty s 0ol clineRyinaRalensy a C; to

sulfonates; and the like and mixtures thereof. Examples of friction
CoroRaglitiens diretusie, dnitragennaininnitad tandbey lRigekdatom the group
conisisting of ammonia, and an'alkanolamine, e.g., those disclosed in U.S. Serial Na.
10/402,170, filed March 28, 2003, the contents of which are incorporated by reference
herein, and the like and mixtures thereof.

Examples of antifoami:;g agents inclide, but-are not limited to, polymers of alkyl
methaerylate; polymers of dirnethylsilicone and the like and mixtures thereof.

Examples of ashless dispersants 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, e.g.; 2,5-dimercapto-~1,3,4-thiadiazoles,
mercaptobenzothiazoles and derivatives thereof; triazoles, e.g., alkyltriazoles and
benzotriazoles; copolymers which-contain a carboxylate ester with one or more additional

polar function, including amine, amide, imine, imide, hydroxyl, carboxyl, and the like,
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amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty
amlnés borated alkoxylated fatty amines, metal salts of fatty ac}lds fatty
lycerol esters, borated glycerol esters; and fatty
?’rgéig?zq)l ﬁ]%%s gs disclosed in U.S. Patent No. 6,372,696, the cohfeHt
which are incorporated by reference herein; friction modifiers 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

I§S2PO4/{D36(}71

com selecte(gll rorcn th rou con éstln gnla and an
Gk ax%&%gregar 338338 ose rla 8‘7\5;6% i%%r filed

%%Qr%ﬁtgstﬁ%%]‘[ gng rg:tr%% e a Q{% lncor ]ﬁ) {ﬁg(:f;ﬁigxnc?rﬁrefuges thereof

erein,"an e and mixtures ere xamp es o tifoaming agents

’gh%'ﬁ RS Y (}J@ﬁ%ﬁ%ﬁ%#ﬁxﬁtﬁaﬁ%?ﬂe%@%&'%%o%’ééﬁ“ers of

llicone an eof. Examples of ashless

Qié&ﬁl&@é@? {ngluge, But.ae naLhmiad Q. aohalkMlenr SHGGIREene

anhydrides’ non-nitrogen containing derivatives of a polyalkylene succinic

anbydriges-abania RirRYsm-ERBIRAYRY sRleciRa fiomitheByaK RS ARsisting

of succinimides, carboxylic acid amides, hydrocarbyl monoamines,

lgmgﬁg@aégylpagg@ﬁwres Mannich bases, phosphonoamides,
thiophosphonamides and phosphoramides; thiazoles, e.g.,

2,5-dineieapi frddidhingiazole the massaninbpnzaihiazdlescanthne lubricating,
derivatives thereof; triazoles, e.g., alkyltriazoles and benzotriazoles;

o paliyrive s whicil < ortadmasiiboxytati osl disstiiednereimhdoey ad ddiobal
polar function, including anvne, amide, imide, imide, hydroxyl, carboxyl,
atvdrthgdika, 1@ 40A0DcR GRBOMRT Hib FROTY S R00dIeB6@ERounds 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. Accordingly, the proposed compounds can be
screened to determine, for example, which compounds may perform poorly in an
oxidation inhibition process due to a poor ability to trap intermediate peroxides. This can
be carried out using known software such as, for example, Quantum Mechanics available
from Accelrys (San Diego, California).

Software for the design of test libraries can be used to design the original
compotind test Hbraries based on input from the foregoing experimental program(s). This
software can be used to efficiently design test libraries that cover the desired
experimental space and utilize statistical experimental design methods. Other software ..

can then be used to analyze the data from the experiments and correlate that data with the

structure of the componnds and/or compound treatment conditions and/or reaction
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e.g., products prepared by copolymerization of long chain alkyl acrylates
or methacrylates with monomers of the above fraction; and the like and
ixtures_thereof. The derivatives of these dispersants, e.g., borated
Wd&}sﬁ(ﬁ"e@gg%% such as borated succini mides, may also be used BrERPAHRA6471
the dispersants are polyalkylene succininudes derived from animation of
polyalkylene succinic anhydrides with polyalkylene polyamine. If desired,
prior to dispensing the at least one base oil and at least one lubricating,

confkaditve 0 provide the.compositions nerain, a3 disgussed hereipelow.
It cah"be "advantageous to conduct molecCular modeling of propose

Suugv%lmepﬁé@?%é‘t’%ﬁégna %Qgﬂefb‘ig”;%?ﬁg]’#gﬁg éﬁ%'ﬁ%ﬁéi?ﬁ?f&%ﬁ@teé‘@é '

e
s 1
ich’com may provi ing candidate compasitions.

Qspgi(’gﬁg?mﬁ'@aﬁ?ﬂ%ﬁ 'BlQ0%, ﬁ)ﬁg\%ﬁ%ﬁ{ﬁg@ﬁ%}éﬁ 'S{Ilgé&;qégﬁpc@ﬁ Q@ PedOr

e, transition states, eng bon |pole moment,

libratﬁéqrﬁwpmgi%cé%ﬂéthe compounds. Accordingly, the proposed
compounds can be screened to determine, for example, which

compouRdsr MY DA HHaRY iR OdRtieninbibionarasess dus iR

a poor ability to trap intermediate peroxides. This can be carried out using

datakBeMRSeiiwae STAresdah SxINPIR uaRiym diechanicsovriiable

from Accelrys (San Diego, California). Software for the design of test
comiibtadebeaRoeilisedtawagabibei g inaldegmpeildeshijmaiies based
on input from the foregoing experimental program(s). This software can
exarhple) Sedctoneibondn iy desidnaebt tbrambschattcoxeinthdutbesitns oil |
experimental space and utilize statistical experimental design methods.
com@ifierso findeeilsahhtiten, badbed forteabyrd el datadyar)) theexample,
experiments and correlate that data with the
regression and analysis technologies, using known software, e.g., C*~QSAR available
from Accelrys (San Diego, California). In this manner, validation of the data obtained
from the molecular modeling can be achieved and then this data can also be storedina
data collector. In this way, new compounds, conceived by one skilled in the art can be
checked by the QSAR software to predict their activity prior to their actual synthesis.
Additionally, such software tools may be utilized fo prioritize a list of possible
compounds being considered for synthesis in such a way that one skilled in the art will
have a higher probability for success.

Referring now to FIG. 1, an example of a system to provide the foregoing
compositions in the plurality of respective test receptacles is generally illustrated as-
systern 100. Representative of this system and method for providing the foregoing
cormpositions in the plurality of respective test receptacies is one disclosed in co-pending

U.S. Patent Application Serial No. 10/699,510 filed on October 31, 2003 and entitled

“HIGH THROUGHPUT PREPARATION OF LUBRICATING OIL COMPOSITIONS
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structure of the compounds and/or compound treatment conditions and/or
reaction 15 WO 2005/042765 PCT/US2004/036071 conditions.)Such

cRHslRtigRs,age often referred to as QSAR software (Quantitativ __
Structure Activity Relations) available from Accelrys (San Diego?CT"USmﬂ'U 036071

California). Such QSAR programs can then be used by the software to
design subsequent compound test libraries for further screening. The use
of such QSAR programs can add to the efficiency of screening. As more

Fate @Mﬁ?ﬁﬁ@dﬁﬁ% RBAR RIREHY W&}PD%?Q@%%&W&EQ%%@Z%A;

developing compound libraries with increased probabillity for fi

SIGHIE FOTRANISoF Al S XIS, $he SRR SARRZR R AR nts of

ormulated into various lubricating oil compositions, as decribed herein,

AL ENe0 foher ABaly eddyaaN 2L O GRRBIPIE v dROT§3818PhaRek a supply of .

analysis technologies, using known software, e.g., C2-QSAR available

e M AesR S ails DragpyiSagtionniadsiy INisaaRNero\Rigaton fIhe of

data obtained from the molecular modeling can be achieved and then this

srkaican alseche siekeshin g tkkata-eatpetaadnthisvway, femMcRMPURES,
conceived by one skilled in the art can be checked by the QSAR software
peopeaiictihhy astily, priosie dkidiedkital syntbekiseadilgiiignadiyieswab or more
software tools maybe utilized to prioritize a list of possible compounds
deingdensiterd ddorehyhitfiesisin swedhnheualisiratsogarsia dduntedast willl
have a higher probability for success. Referring now to FIG. 1, an example

mfdfosyeventhan previddithe. frwgoiiiglcompositions in the plurality of
respective test receptacles is generally illustrated as
Tubular line 111 is a conduit for communicating the base oil B to nozzle portion

113, from which it can be dispensed into a selected test reservoir, as described below.
The amount of base oil dispensed is determined by metering pump 112, which can be
computer controlled.

: Tubplar line 121 is a conduit for communicating the lubricating oil additive A to
nozzle portion 123, from which it can be dispensed into a:selected test reservoir, as
described below. The amount of lubricating oil additive dispensed is determined by
metering pump 122, which also can be computer controlled. Computer programs and
systems for automatically metering predetermined amounts of materials in accordance .
with a preselected protocol are known in the art and can be used herein.

Nozzles 113 and 123 are preferably in close proximity so that base oil B and
additive A can be simultaneously dispensed in a test reservoir. Altematively, base oil B
and additive A can be sequentially added to the test reservoir. The nozzles 113 and 123,

can comprise a multichannel pipette or one or more syringe needles.
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system 100. Representative of this system and method for providing the
foregoing corhp’psitions in the plurality of respective "t"'@st receptacles is N
one disclosed in co-pending U.S. Patent Application Serial No.

WA 61899 filed on October 31, 2003 and entitled "HIGH ~ PCT/US2004/036071
THROUGHPUT PREPARATION OF LUBRICATING OIL
COMPOSITIONS 16 WO 2005/042765 PCT/US2004/036071 FOR
COMBINATORIAL LIBRARIES" by Wollenberg et al. (Docket No.

T-6$ 8A; (538-60)) and having a common assignee with the present

applicBiEiCethe ChAtEnd SRR pERAISF SRS BodRAP By Yo epEhtiatdrein,
enerally, vessel 110 contains a supply of. the foregoing base oils of
sy AR Uy BeGHRE 10 COTRAIRLA S or SRR 8 R
: can be any of the foregoing additives useful for modifying the properties
and of the rgls%l %ﬁ?ﬂa@ﬁ'eglgk?ﬂ% ﬁﬁnérﬁéaa}f’f%gf%ﬁs%’a i?y%lﬁp %Eflg%,t%c 'e”br
adaffE, Q' weASEle AN yERITR LAY CARLESR] MeD dIoRansind mots,
than one base oil and/or more than one additive, respectively. Tubular
pundf9 1 38 oondlhiabLANMINIGATA Lhe DRRERl B RAREHISIRAHEN
13, from which it can be dispensed into a selected test reservolr, as
therggggﬁg;{e_d below. The amount of base oil dispensed is determined by
metering pump 112, which can be computer controlled. Tubular line 121
is arpeneiirtenscomisniaalingithe urigating, il additive;4 t0 Nezzle
portion 123, from which it can be dispensed into a selected test reservoir,
haviag adgseihed belawsed heramaqunt ahlbiicating il additive: dispapsadisl
determined by metering pump 122, which also can be computer
additontroliad ré&cesmpyiervpiogramscandrs wherein each reservoir contains

lubricating oil additive compositions orlubricating oil compositions of a different and
predetermined composition, i.e., the percentage and/or type of base oil and/or additives in
each composition will vary from one reservoir to another. Optionally, the reservoirs can
be individual receptacles (e.g., test tubes) mounted upon a rack, instead of being recesses
in a block. Preferably, the test receptacles comprise transparent glass tubes. While five
reservoirs, i.c., recesses 132a, 132b, 132¢, 132d; 132e, are illustrated in FIG. 1, any
number of reservoirs can be employed herein, Forexample the system can employ 20,
50, 100 or even more test receptacles and samples as required.

The individual reservoirs are adapted to hold relatively small amounts of samples.
The sample size in each reservoir can generally be no more than about 20 ml, preferably
no more than about 15 ml, more preferably no more than about 10 ml and yet more
preferably no more than about 5 ml

The test frame 130 and dispensing nozzles 113 and 123 are movable relative to

one another. Although manual movement of the apparatus by an equipment operator is
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systegs for automatically.metering predetermined amounts of materials in
accordance with a preselécted protocol are known in the art anéi can be

yserhhgigirsdNozzles 113 and 123 are preferably in close proxn‘g@ﬁ%%}ﬁ%sﬁon

base oil B and additive A can be simultaneously dispensed in a test
reservoir. Alternatively, base oil B and additive A can be sequentially
added to the test reservoir. The nozzles 113 and 123. can comprise a
multichannel pipette or one or more syringe needles. 17 WO 2005/042765

‘auﬁ% 59,%9‘%%%&:3 Lb&\éSﬁS%ﬁo%%%%Bﬂa&&%m HRASHRIEES M ement

p ionally, more than two vessels can be employed eterlng pumps

Suitable. for use Jn.thepySRiPMaReK AR 1309:-CAMMEIGIBHY Avaiahi.dRiage

the event that highly viscous lubricant base stock or additives are used,

s yersels Qandiaq andionthedibuiallias ktiang dakidnatesnged
pumps 112 and 122, and/or nozzles 113 and 123 can be heated to

facilitatediuid ey therethvoua Bhadestsiramend 30 esibsemant acknbadles

of transparent material (e.g., glass) having a plurality of recesses 132 for

regeivin thedispansatlansdiibes or lase ol @nee adiibivasovtditerbeasies -
provide test reservoirs wherein each reservoir contains lubricating oil

adiliiiveckmposiicasglikibsicaiingeibCommpositens 8fadifférent and
predetermined composition, i.e., the percentage and/or type of base oll
and/orladditbtag iroeatircc orspdsitichand [12aryrérGHednihabe pebicteg Tubricant
another. Optionally, the reservoirs can be individual receptacles (e.g., test
babee)! mulmidid wisnrasracky thetdan efireites elowstsoes 1 asieekrd such that
Preferably, the test receptacles comprise transparent glass tubes. While
digpensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
A metered amount of base oil B and a metered amount of additive A are simultaneously:
dispensed into recess 132a. The dispensing nozzles 113 and 123 are thereafter
repositioned to be in alignment with the next recess 132b and the metered amounts of
additive A and/or base oil B are changed in accordance with a predetermined schedule.of
variation such that the lubricating oil in recess 132b has a different percentage
composition of additive than that in recess 132a. The pattern is repeated as the nozzles
113 and 123 are sequentially aligned with the successive recesses 132¢, 132d, and 132e
so that each recess has a predetermined composition of lubricating oil.

The components A and B are preferably combined in the reservoirs by mixing, for
examaple, by agitation of the frame 131, static mixing, individual stirring of the contents
of the reservoirs {(mechanical or magnetic stirring) and/or by bubbling the reservoir with

gas, e.g., nitrogen. Optionally, base oil B and additive(s) A can be combined prior to.

dispensing into the respective reservoirs. For example, a single dispensing nozzle having
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reservoirs, i.e., recesses 132a, 132b, 132c, 132d, 132e, are illustrated in

FIG. 1, any number of reservoirs can be employed hérein. For example
wotg%es atz%n can employ 20, 50, 100 or even more test receptacles and

SAMPIEE'SS required. The individual reservoirs are adapted t&*R&(HS2004/036071

relatively small amounts of samples. The sample size in each reservoir

can generally be no more than about 20 ml, preferably no more than

about 15 ml, more preferably no more than about 10 ml and yet more
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a selected recess under the dispensin esll In‘ano

caclEEARAMEN G APEZ S L3RR HLe3 AR pRtienally hevesdflsyl Minile

and 120, are slidably movable laterally and/or vertically to accomplish

clasfOSiiRRiRg wEih zleadbl handdLd i Ade RliNBIRIee R, Y5558 Swear,

110 and 120 are filled with the selected lubricant base oil and additive(s),

fatigespeatheihitharppamiugotsystierniGlis nayadeue kb that gdispensing

nozzles 113 and 123 are positioned above and in alignment with recess
presdi@2avesds ragteredradiaumiofvbase st dddrdradiveterad @smount of additive

A are simultaneously dispensed into recess 132a. The dispensing

nozZotesitBanet$RR: aventhiese@ftesociated with a situation where the lubricating
oil composition has been squeezed out of the space between two rubbing surfaces,
thereby leaving only a non-fluid film of anti-wear additive of the tested composition that
has been chemically bonded to the interacting surfaces. For example, an extreme wear
condition occurs between the piston ring and cylinder wall in a running interal
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. -

A hydrodynamic test is designed to test the ability of the Iubricating 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.

~ 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.
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repositioned to be in alignment with the next recess 132b and the metered
amounts of additive A an d/or base oil B are changed in accordance with a

edsiarmigd schedule of variation such that the lubricating Oil’%%gﬁﬁﬁf(l%(}?l
132b has a different percentage composition of additive than that in

recess 132a. The pattern is repeated as the nozzles 113 and 123 are
sequentially aligned with the successive recesses 132c, 132d, and 132e
so that each recess has a predetermined composition of lubricating oil.

THE SAPRARSUS AN B afeRisiarablisRmbingdin Mg e8RSt of

mixing, for example, by agitation of the frame 131, static mixing,

éﬂﬂiy@l%ﬁtéﬁmﬁwf@&t&%%&m%o@wﬁlﬁsﬁﬁefgiésg(memmére suifur

magnetic stirring) and/or by bubbling the reservoir with gas, e.g., nitrogen.

dptianalyihareseilB and additive(s) A can be combined prior to
dispensing into the respective reservoirs. For example, a single

dispergitering Zevhaviig 2 WO L5046 2rikd Gl d S04 //3667 Invantion
mixing chamber can be used, wherein base oil B and additive(s) A are

fneiefechiitiithealyikipgmhaei eranditest dipheagd inbrightiteoiiozzle
into the reservoir. Once the plurality of receptacles have been provided
conpaiiitgdubccatingloilindditivecomjeositivits BNd/dr iubilbsatinpdil Adding the
compositions, the plurality of fluid samples each can then be analyzed for
irdapesative witloldafhoragenies nrepevisarstaiching thetsiercd hduitietngaibf
wear types includes, but are not limited to, adhesive wear, abrasive wear,
Forigoeitians pbsEhiRg Dtdeciolieily srlegjimarbigndifate prisontansespable of
extreme- pressure wear tests, hydrodynamic wear tests and corrosive
WrecesTESly. R ERg SHidhE BdKTRE-YeH e ShYS IdyBaTate TRt EC SYG MR

where the lubricating . | ) . ]
stability tests under the desired operating conditions or statutory requirements,

Having provided a plurality of lubricating oil compositions at 210 (FIG. 2), a
robotic assembly 300 (FIG. 3) is adapted to carry out eacfx of the tests by selectively
delivering test receptacles 310, each containing a respective sample identifying code bar
350, to a testing station 320. The robotic assembly is configured to have one or more
movable arms 312 each provided with a grasping mechanism 314, which engages the
individual test receptacles 310 in accordance with instructions from a computer controller
316.

The testing station 320 may include a single testing apparatus performing one test
at a time, or preferably, this station is assembled of multiple apparatuses operating
simultaneously so that each carries out a respective test in accordance with instructions
220 (FIG. 2) from the controller 316. In case of multiple apparatuses, a tested lubricating
oil composition can be distributed among an extreme pressure test apparatus 322,

hydrodynamic test apparatus 234 and a corrosive test apparatus 326. Each of the test
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oil composition has been squeezed out of the space between two rubbing
surfaces, there?y leaving only a non-fluid film of anti-wear additive of the -,
tested composition that has been chemically bonded-to the interacting '
WOHHEEE %For example, an extreme wear condition occurs be@Eazten36071
piston ring and cylinder wall in a running internal combustion engine
when the piston reaches the upper dead center and is subjected to the
force of the fuel combustion explosion while the piston is for an instant not
in sliding motion. A hydrodynamic test is designed to test the ability of the
appipHeaRiPRF B cE Sitlsb St olssued srsl eaninBad coribHeniarivin syvhmens ethers,
fluid lubricant film is retained betweenthe interacting surfaces. Typically, a
2 PRGRIFEE PR ERER A C8h ARt s iiedneiREiaskmsuetibesengine
hetween the piston rings and cylinder wall when the piston is in sliding
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ation of compon
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uric acid. Refetring no and system o

The' &%H@Y%%ﬁﬂa&ﬁﬁ%ﬁﬁ%%@ﬂ&&ﬂ@%ﬁ% FEALRTORE @81?&%9
plurality of lubricating oil compositions, stored In the library in accordance
exatiiB, BHeuds@IBdlsiraiRd 0A4%ing 188ut 150 Ibs at intervals identical to or
different from the intervals associated with the load increase in the extreme load
apparatus 324. Finally, a corrosive element such as, for example, sulfuric acid, can be -
delivered in computer-controlled concentrations to the corrosive test apparatus 326 to
recreate the desired corrosive environment corresponding to predetermined loads and
acid concentrations to determine the corrosive wear stability of the lubricating oil
composition. It is to be understood that the speeific load and acid concentration
conditions are not the only parameters that can be controllably created and modified in
- association with each of the test apparatuses.
As each of the lubricating oil compositions or a subset thereof is subjected to the
foregoing test(s), as indicated by 230 of FIG. 2, the computer controller 316 (FIG. 3)
processes and outputs respective test results at 240, each of which is added to the library.
Accordingly, the information regarding the anti-wear properties of lubricating oil
compositions stored in the library becomes another piece of information in addition to,

for example, storage stability and oxidation stability of the cataloged compositions.
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information related to the anti-wear properties of each of the stored
Iubricéting oil composition}; substantially facilitates the selectio'ﬁ*}of

i ‘ positions capable of successfully carrying out the
g@t@?r%%%r%qs%ure, hydrodynamic and corrosive wear stability testd (g
the desired operating conditions or statutory requirements. Having
provided a plurality of lubricating oil compositions at 210 (FIG. 2), a
robotic assembly 300 (FIG. 3) is adapted to carry out each of the tests by

selectiyely delivering.test receptacles.310, each containing a respective
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assembly is configured t Ve ghe Qr.more moyable arm a .
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controller 316. The testing station 320 may Inclu singlé’testing
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assembled of multiple apparatuses operating simultaneously so that each

Hﬁﬁﬁjﬁﬁl!ﬁl&? B BSReaMRERA! IRRCCAIANGR R RSHRCINRuLAEFIERIE) 4, two
from the controller 316. In case of multiple apparatuses, a tested
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test apparatus 322, hydrodynamic test apparatus 234 and a corrosive test

- APpanakisid Aosupacio efitheéntesti2d MWe-2RRpMREAGPosition. Accordingly, the
PCT/US2004/036071 apparatuses operates under the desired and
eatitdlleshdondiiexsdmnelyeingrateonioibaisf thohasisdaingndctompositions can
temperature, load and acid concentration corresponding to those specified

e ecishintdr@aropasely Statotonylkbdylirensesite dowd cdire spondirgidsl can be
multiple

carrieg out simultaneously with or separately from each of the former two tests by

4/636071

delivering measured concentrations of an oxidation medium to the journal. Such delivery
can be realized, for instance, by constantly injecting sulfuric acid at the point of the
journal. Of course, the wear and/or rate of ware increase as the acid concentration
increases.

The four-ball test configuration 500, as shown in FIG. 5, is constructed so that the
three bottom test balls 530 are placed in a stationary holder 540, locked in place, and
covered with a respective one of the lubricating oil compositions 520. Upon placing a
top ball 510 in a chuck and attaching the top ball 510 to a spindle 550, the load is applied
in a computer-controlled manner, as discussed above. Depending on which of the
hydrodynamic and extreme pressure tests is being run, it is possible to determine either
the load wear index corresponding to the scar diameter from the tests run or the weld -

point.
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parts of or the entire running engine. Thus, for example, the extreme
pressure test apparatus 322 may operate so that the\ﬂpplied load %

wosSidgially increases in a time controlled manner from, for le, . . '
a%%ut 200 Ibs. to about 300 Ibs. to about 400lbs. The hydro%ﬁ%@%ﬁ? 36071

apparatus 324 may be controlled to increase the load from, for example,
about 50 Ibs. to about 100 Ibs. to about 150 Ibs at intervals identical to or
different from the intervals associated with the load increase in the

ex‘ﬂWﬁﬁ%ﬁ%ﬁ%@r&% ‘ése%z“e&é!‘o?:ﬂ}ﬁe%tco‘}"é‘i%é’t%o%%%‘&”is%ﬁﬁ%P&xef&fesem
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corrosive environment corresponding edetermined loads and acid

confRRRRARLIONS.I% detaraing: ihe GRIreS e 1Yeat Siabliv. of the lHbrigating

oil composition. It is to be understood that the specific load and acid

suit@GeNLFRIRA KRRMIHERE RIS RIIIR-ANh REsAMEIRiShalcaT PR alize such a
controllably created and modified in association with each of the test

seledRPR AEI0S:ASBAEDIRE b1 lulieating il SRMBesHIRRS Bhsh SHdsE that have
thereof is subjected to the foregoing test(s), as indicated by 230 of FIG. 2,

beeth@sighapidas eanidalienal prdvicusHhopr oEREELS RQditnipals sebReative only
test results at 240, each of which is added to the library. Accordingly, the

the infepmmstionsreparditigritte elntissterstpropet iesobdabdestingtall as passed,
compositions stored in the library becomes another piece of information in
-genetitidentdedfer @Xhniplesdtotatjerstabitity batbsixitlagon stédility afcdrdance
cataloged compositions. 22 WO 2005/042763 PCT/US2004/036071 A
withy réatyreslisuapmentd, wshrdingtify prasirlvebighempioadanisiésr demperanres
or gtr?aater time of operation. The results of the test(s) can be transmitted and stored in the
electronic library, as shown by step 630, .and further be electronically compared to the
expected results at 640. Following the comparison step, the selected group is revised at
650 and further narrowed to optimal candidates that exhibit the most appropriate anti-
wear characteristics.

However, the use of the:most suitable lubricating oil compositions for any given
requirements may be associated with prohibitively high costs. In accordance with step
660, the method and system of the present invention enables the optimization of the
selected candidates. The optimization of the selected Iubricating oil compositions is the
selection of the type'and the amount of additive(s), which would provide a satisfactory,
not necessarily the best, lubricating oil composition at the least cost. In other words, the
optimization is a balancing test inchuding performance and cost analysis based on the

information stored in the electronic library in accordance with the method and system

described herein.
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carry out the above-discussed tests. For example, as illustrated in FIGS. 4
and 5) Test Pin and Vee Block 400 and Four-Ball Test 500 assgmblies,

(e %cﬂ\ég%, each are capable of performing the extreme pressure,
VArOdYRAHAIR and corrosive wear tests either individually or in PCT/US2004/036071

combination. For example, in the Test Pin configuration of FIG. 4, two
Vee Blocks 410 can be controllably pressed against a rotating journal 420,
which is submerged in a cup 430 with the tested lubricating oil

compasition. Accordingly, the hydrodynamic and extreme pressure tests

for onch B TSRl CERBEAIGHE Rt e OBl aB PRy sed

by controllably. increasing lgad. The corrosive test can be _carried out P

N a8 R PR e i 8 d oy emame.

%?'é"r%“ﬁlg Eas é%%%ﬁ%%ﬁ%é‘%%&%%@ 1Xa|b é’i‘tg'?v%ét“a%%x muto the lourmal, 1 s
uch delivery can be'realized, for instance, by constantly injecting sutfuric
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increase as the acid concentration increases. e tour

m@g&%mﬁ%e@ Shewd i FiEndrdsoaRsirsied so that e thesn

bottoim test b 30 are placed in a stationary holder 540, locked in

Rlasean6 M%W&mﬁgeﬁ%ﬁb@iﬁ&?xﬁééhﬁé%%%iﬂ:%ems. Furthermore,

compositions 520. Upon placing a top ball 510 ih a ch and attaching

dhestop bl RlRotitha SoiRAGRRMI4he deadds: ARRLSFL:INbEe can find that, for

computer-controlled manner, as discussed above. Depending on which of
dhembled rashinaditic e Gvb il BBiRIBSSIIEte $18d $ypeI DPtHNbIEV8-BRSSHRIR! tests

to determine either the load wear index corresponding to the scar
diameterducirtibatagisg uesdidhésualcbdioinitid3 tests. Storing this information in
the electronic library not only allows for a rapid selection of multiple lubricating oil
compositions in response to new requirements for a given test, but also this information
may allow for calculating necessary changes of the additives at the least cost.

For example, . wear stability data regarding the lubricating oil compositions can be
stored 1n a relational database to provide a combinatorial lubricating oil composition -
library. Alternatively, the system may be electrically connected to a signal data collector
comprising a computer microprocessor for system operation and conirol to collect the
data from the various tests over an extended period of time to compile the combinatorial
lubricating oil composition library. The database can be used to find optimum
combinations for a desired product stream, and can be particularly useful when the
desired product stream varies depending on market factors. When the product

requirements change, appropriate combinations can be selected to prepave the desired

product.
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WO 2005/042765 PCT/US2004/036071 A particularly advantageous
embodiment of a method and system of the present’invention is illustrated,
Oin FIG. 6 and allows for rapid selection of those lubricating oil '
WO BB itidns cataloged in the electronic library that have antPA&EHP2604/036071
properties most suited for expected operating conditions or new statutory
requirements. To realize such a selection, a computer controller 600 is
operative to exclude those compositions that have been designated as
failﬁcellg? rplgleéggr vious most stringent requirements and tq select only the

compastishs i trivear craPRctsr i comealairibe Weahtuatidfated as
RS S g e e R
e B A TR o SRR e B
T e B L B ACR CORRRE e

DesigiPYRIBeYiaed Aty 8RN fHURRE BN ddoRimal candidates that

exhibit the most appropriate anti- wear characteristics. However, the use
of gmesi alahle arricating -@;@Hkm?%@e? JOHAY BlYSnaging the data
requirements may be associated with prohibitively high costs. In

obtaRedardanethwitiateR ReQithernethotianeysySiersofihedieseible to

invention enables the optimization of the selected candidates. The
creatoptimizationmnjihe SblenibdchiicalipghibSaRAsIi B it enSelgsHARGhH

the type and the amount of additive(s), which would provide a satisfactory,
with ot ndoessavilyotheiizestdubitieatingzoikabmposiicuratihtsleasbeastd! This

other words, the optimization is a balancing test including performance
type ahsobnstranaiysiskbasedoththeo skill in the art.

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 the claims appended hereto.
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information stored in the electronic library in accordance with the method
and system described herein. 24 WO 2005/042765 PCT/US2004/036071
In practical terms, it is necessary to keep in mind that each of the
above-discussed tests simulates different parts of an actual mechanical
system, such as a running engine. As a result, it can be found from the
stored data that a given additive or oil composition is effective when used
in a particular test by exhibiting a very steep slope response. As a
wionseguengehadoling the at least one additive to the at least one base oil
in a small amounts can form a lubricating oil composition meeting new
requitenaehiigh Frusthepoone;hodderagaisitrating chenglope despemsas, @hder
different additives, one can find that, for example, many additives while
pioeing effectivedoronmgyhe ofphefabove-discussed tests do not produce
encouraging results when used for other tests. Storing this information in
the elettronicliilgraniinetigniy dilitves fdrtai rapic sélectipowfionshtippdes
lubricating oil compaositions in response to new requirements for a given
caesxisog s Mmoot feast alloheferadbiduldtiivgtingoassanyy and (ii) a
changes of the additives at the least cost. For example, Swear stability
MY BYIHM G HaTUbHCRBRG Gt & Ofh pdditivris can be stored in a
relational database to provide a combinatorial lubricating oil composition
librar(P)ARgHHAR SR abte AT RISl BenaledtrieamIijdeones slabikeyslaiy fa each
data collector comprising a computer microprocessor for system
sa5itafitt and control to collect the data from the various tests over an
extended periqd of time 50 c mh%le? he combinatorial lubricating oil

compSsHERNEPEAP R il an be used to find optimum

2. The method of claim 1, wherein the step of measuring wear stability is selected
from the group consisting of an extreme pressure wear test, hydrodynamic wear test,

corrosive wear test and a combination thereof.

3. The method of claim 2, wherein the step of measuring wear stability further
comprises the step of selectively changing a variety of conditions for measuring wear
stability in accordance with the program control, the variety of conditions being selected
from the group consisting of duration of the at least one test, load generated during the at
least one lest, acid amount delivered during the at least one test and a combination

thereof.
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combinations for a desired product stream, and can be particularly useful
when the desired product stream varies depending on, market factors. -
When the product requirements change, appropriate combinations can be’

W4 X repare the desired product. 25 WO 2005/04276FCTUS2004/036071
PCT/US2004/036071 Relational database software can be used to
correlate the identity of the lubricating oil compositions and the analytical
oxidation stability data obtained therefrom. Numerous commercially
available relational database software programs are available, for
exanfipld otk elamizo sYhapi, toxes e nrdesgiae. ("ofedioamic and
Design"), IDBS ("Activity Base"), and other software vendors. Relational

COHIEATRRER SR rouBrtad saaipecsrsdnAa dana sty riverdata
obtained during the methods described herein. However, any software

co is able to create a "memory map" of the lubricating oil compositions
and correlate that information with the information obtained from the
storage stability measurements can be used. This type of software is well

kno_vgn tPh%hqlgﬁuﬁ S @Ha’fgn the a rgl_\/i\lllra'le é%% ﬁgeoggﬁ %%Sé:éi&grt'oon contairr% 4

. 0
many’'specifics, these specifics sho

Jnvention, but merel exemplifications of preferred .embodiments
oo A e R e oA oL
-within the scope and spirit of the invention as defined by the claims

appended hereto. 26 WHAT IS CLAIMED IS:
6. The method of claim 2, wherein the corrosive wear test is conducted

simultaneously with at least one of the extreme pressure and hydrodynamic tests in

accordance with the program control.

7. The method of claim 2, ﬁﬁther comprising the step of systernizing the
outputted results of each of the extreme pressure, hydrodynamic and corrosive wear tests,
thereby assembling a library of the outputted results associated with each of the plurality
of lubricating eil compositions, wherein each one of the wear tests is selected to be

indicative of performance of a selected part of or an entire running internal combustion

engine.

8. The method of claim 7, further comprising the step of storing a reference value
selected from desired operating conditions or statutory requirements and comparing the
outputted results of af least one of the extreme pressure, hydrodynamic and corrosive
wear tests of the plurality of lubricating oil compositions to the stored reference value in

accordance with the program control.
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1. A high throughput method for screening lubricating oil compositions,

underyprogram control, cd‘mprising the steps of: (a) providing a plurality of
different lubricating oil composition samples comprising (i) a ma?or
aMBUt P EBast one base oil of lubricating viscosity and (i) a BAGES2004/036071
amount of at least one lubricating oil additive; (b) measuring wear stability

of each sample to provide wear stability data for each sample; and, (c)
outputting the results of step (b). 2. The method of claim 1, wherein the

step of measuring wear stability is selected from the group consisting of

an extremd praacihps fiedrifash, Ml agmamitoa i YeBtof songunmka g/ fail”
test and a combination thereof. 3. The methad of claim 2, wherein the_step

OFAHEAL ARy W WRHIRS GRS O O HER 96 RifreiinepibavaRpsitions

changing riety of conditions for measuring wear stability in ,
esHih @?{ﬁrwawwlaw&ﬁf?ﬂ ety srRshdriBR i peRegiance with
selected from the, group consisting of duration of the at least one test,

I éedp&é%@%fé)a‘%ﬁng the at least one test, acid amount delivered during
the at least one test and a combination thereof. 27 WO 2005/042765
PCT/US2004/036071 4. The method of claim 2, wherein the extreme

pressurg, hygrodypamic %ﬂ%@,%ﬁﬁir{e? NENASRAIGCONGMERE: o 2 roup of
simultaneous yin accordance with the program —control.
the lubricating oil compositions based on the “passed/fail” values and providing a cost

analysis of cach of the selected one of the group of lubricating oil compositions to select

at least one optimal lubricating oil composition.

11. The method of claim 7, further comprising the step of analyzing a change of
the cutputted results of each of the extreme pressure, hydrodynamic and corrosive wear
stability tests stored in the Iibrary upon changing the plurality of conditions in accordance

with the program control.

12. The method of claim 11, wherein the step of analyzing includes generating a
slope associated with the outputted resulis of each of the extreme pressure, hydrodynamic
and corrosive wear stability tests of the plurality of lubricating oil compositions to
identify a pattern of performance thereof in response to changing of the plurality of

conditions in accordance with the program control.
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5. The method of claim 2, wherein the extreme pressure, hydrodynamic
and corrosive wear tests are conducted sequentially ) accordance with --.
the program control. 6. The method of claim 2, wherein the corrosive )

W@ eastest7iss conducted simultaneously with at least one of therextremen4/036071
pressure and hydrodynamic tests in accordance with the program control.
7. The method of claim 2, further comprising the step of systemizing the
outputted results of each of the extreme pressure, hydrodynamic and
corrosive wear tests, thereby assembling a library of the outputted results
assodatéoewitiibedaif ofihelpluhalitin Gflebdestting bibdomipgsitlonigjtive is
wherein each one of the wear tests is selected to be indicative of

selgeiddimunides efaiselssisdpat vfiormadntiveirmeaingdnie deibugsmibustibn
engine. 8. The method of claim 7, further comprising the step of storing a

- inldfitendebvaing agultcdadnibif dusigsatogerialnlyastinditierasontst dtistony
requirements and comparing the outputted results of at least one of the

m %@ﬁa@WF&@HWWn%@@Wﬂ&é&?@éﬁv@xﬁf&aﬂm@s@@m plurality

- of lubricating oil compositions to the stored reference value in accordance
CORRHINBSBrO GRATASESHHRBEL B S &SR0 SR Y SPE PSS OTM DX e ¢ agonts
"{he method of claim 8, further comprising the step of assigning a

an AREIRYE to each of the outputted results of the plurality of
lubricating oil compositions . stored in the library upon comparison thereof
to the reference value in accordance with the program control: '

14. The method of claim 2, fuxther comprising the step of displacing the plurality
of lubricating oil compositions to a testing station configured to provide at least one of"
the extreme pressure wear stability test, hydrodynamic wear test, and the corrosive wear
test to determine anti-wear properties of each of the tested lubricating oil compositions in

accordance with the program control..

15. The method of claim 14, further comprising the steps of storing each of the
plurality of lubricating oil composition in a respective vessel, and arranging a plurality of

vessels in a predetermined sequence.

16. The method of claim 15, wherein a robotic assembly sequentially retrieves
and displaces the plurality of vessels to the testing station in accordance with the program
control for determination of anti-wear properties of the plurality of lubricating o1l

compositions.
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10. The method of claim 9, further comprising the steps of selecting a
group of the lubricating oil compositions based on the "passed/fail" values
and providing a cost analysis of each of the selected one of the group of
lubricating oil compositions to select at least one optimal lubricating oil
composition. 11. The method of claim 7, further comprising the step of
analyzing a change of the outputted results of each of the extreme
pressure, hydrodynamic and corrosive wear stability tests stored in the

libraryupon ehanging thaplusaliticeficondiions: A0 danas, dVith & es and

program control. 12. The method of claim 11, wherein the step of
dedivaty ziiigyidchl dessgleneratingian sopk agsesiateshwdtv theRUIRIER controf
results of each of the extreme pressure, hydrodynamic and corrosive
fondaerstatilioy teSisiohthe plupelity of fubridatingyoifdobapesitipes comigteiitys.
a pattern of performance thereof in response to changing of the plurality of
conditions in accordance with the program control. 29 WO 2005104 2
765 PCT/US2004/036071 13. The method of claim 1, wherein the at least
one lbbricheingdipdalditlemid seledted dromr tisafoupeporfgistivigiog the testing
antioxidants, anti-wear agents, detergents, rust inhibitors, dehazing
stajipentdthieassipyinaragenis comdtargddeonting dpatitcatiotion! modifiers,
pour point depressants, antifoaming agents, co-solvents, package
PrESWsatersasd ryoremBhiiy, legh disapipaisabeyidndectiekiomahe
pressure agents and mixtures thereof. 14. The method of claim 2, fiuther

gl‘gmmﬁag@f §th] &Péué’ﬁ%@uﬁ@%@h{k&ﬁ@ Block and a combination thereof.

9. A high throughput method for screening lubricating oil compositions, under
program control, comprising the steps of:

() providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating viscosity and (ii) a
minor amount of at least one lubricating oil additive;

(b) measuring extreme-pressure wear stability of each sample to provide extreme-
pressure wear data for each sample; and,

(c) outputting the results of step (b), thereby assembling an electronic library.

20. A high throughput method for screening lubricating oil compositions, under
program control, comprising the steps of:

(a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating viscosity and (ii) a

minor amount of at least one lubricating oil additive;
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of lubricating oil compositions to a testing station configured to provide at
least one of the extreme pressure wear stability test, hydrodynamic wear
test, and the corrosive wear test to determine anti-wear properties of
each of the tested lubricating oil compositions in accordance with the
program control. 15. The method of claim 14, farther comprising the steps
of storing each of the plurality of lubricating oil composition in a respective
vessel, and arranging a plurality of vessels in a predetermined sequence.
16. Titve smatheid of pdaddy lanivhesginabiobosiceasssmiie seguandally
retrieves and displaces the plurality of vessels to the testing station in
hydeedydanteweithsthie lpsogranioroentrehiasieeiedmination of anti-wear
properties of the plurality of lubricating oil compositions. 30 17. The
meth@d @ftplaimglbe whekeiof ateplibliciasseniblysbleciivehaettieiediband.
delivers individual vessels to the testing station in accordance with the
program control for determination of anti-wear properties of the plurality of
lubricating oil compositions. 18. The method of claim 15, further
comptisirghtizh dusp Dfnpioviding theswrstinge dtativatnile hcteastsies, under
apparatus configured to conduct the at least one of extreme pressure,
PrRgRFD GPREMI CARBr viear keaiilitdésts, the apparatus being selected from
the group consisting of a Pin and Vee Block, a Four-Ball Block and a
combiatiovidierafurditndighiereeUyhpatinembaoispetissringples
lubricating oil compositions, under program control, comprising the steps

cogtPYisisrBAGIRG A BTty e ditrare Rers iRt Ein Cormperation asdr prsior

amount of at least one lubricating oil additive;
(b) measuring corrosive wear stability of each sample to provide corrosive wear
stability data for each sample; and,

(c} outputting the results of step (b), thereby assembling an electronic library.

22. A high throughput system for screening a plurality of lubricating oil
compositions, comprising:

(a) a plurality of test receptacles, each containing a different lubricating oil
coﬁzposi tion each comprising (i) a major amount of at least one base oil of fubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive;

(b) a2 moving unit configured to individually position each of the ﬁi.tll‘a! ity of
lubricating oil compositions in a testing station for measurement of wear stability of each

of the lubricating oil compositions; and,
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comprising (i) a major amount of at least one base oil of lubricating

viscosif}/ and (ii) a minor a‘hpount of at least one lubricating oil a"dgitive; (b)
measuring extreme-pressure wear stability of each sample to provide
extererPréd&ire wear data for each sample: and, (c) outputting®fEUS2004/036071
results of step (b), thereby assembling an electronic library. 20. A high
throughput method for screening lubricating oil compositions, under

program control, comprising the steps of: (a) providing a plurality of

different lubricating oil composition samples, comprising (i) a major.

amount %3 3t°|%‘g5?%ﬁ (S%‘QT‘@ & BeIsHatiayh ﬁf‘gﬁ‘g %)'a TRTRGrand store

amount of at least ane lubricating oil additive, 12{),%/m asuring .
B oo LEat PO LACA G RABHAE HyEraLyRaihic
wear stability data for each sample; and, (c) outputting the results of step
(kf)?%ﬂgg?éboféissembling an electronic library. 21. A high throughput

method for screening lubricating oil compositions, under program control,
comprising the steps of: (a) providing a plurality of different lubricating oil

ComposHioMFAMAlEs, GOMRLSING,A,RAICHANMERL A leaskonG H §§ft‘3lyare for

of lubricating visCosity and a minor amount of at least one lubricating oi

agidlitiugiidbl ymeasuHnG.cooshedreat StRblt ot e A SABRlE 19 RIOYIGE K,

corrosive wear stability data for each sample; and, (c) outputting the

resuiEfFRPAR BB RY:AssaMRENg an electronic library.

24. The system of claim 23, wherein the controller is provided with software for
assembling the stored measurements of wear stability of each of the plurality of

lubricating oil compositions processed on the testing station in an electronic library.

25. The system of claim 24, wherein the testing station includes at least one
apparatus configured to conduct at least one wear stability test for measuring the wear

stability of each of the plurality of lubricating oil compositions,

26. The system of claim 25; wherein the at least one wear stability test is selected
from the group consisting of an extreme pressure test, hydrodynamic test, corrosive test
and a combination thereof, the at least one apparatus being coupled to the controller
having software, which executes thereon for selectively changing a plurality of conditions
for the at least one wear stability test, the plurality of conditions being selected from the

group consisting of duration of the at least one wear stability test, load generated during

33



22. A high throughput system for screening a plurality of lubricating oil
compositions, comprising: (a) a plurality of test receptacles, each o
containing a different lubricating oil composition each eomprising (i) a

Wi ajweafadiint of at least one base oil of lubricating viscosity antirfiiseo4/036071
minor amount of at least one lubricating oil additive; (b) a moving unit
configured to individually position each of the plurality of lubricating oil
compositions in a testing station for measurement of wear stability of each
of the lubricating oil compositions; and, 32 WO 2005/042765

thpgfesspoouresspiitidy s esitmiiewtclsbaad dhang Sting Statiomangar
configured to receive and store the measurements of wear stability of

stabality Grstrabrrambiettiopiesng oil compositions. 23. The system of
claim 22, wherein the controller is provided with software for automatically
receiving and storing the measurements of wear stability of each of the
plurality ,ﬁ)%éubricatin oil. compagsitions. 24. The system of claim 23,

whergin the SSHEBIRT e B oOdUHRRA P SRtmS Holcaabeunig P ié anprentus
m rement ear stahjlity of each of the plurality of lubricating oil
oD R ROt R AL ST s EERPRTETE: 25,
he system of claim 24, whereip the testing_.station incluges at least one
b e e SRR R il S

measuring the wear stability of each of the plurality of lubricating oil
compositions.

28. The system of claim 27, wherein the at least one additional apparatus operates

!

simultaneously with the at least one apparatus, the controller being provided with
software operating thereon for controlling each of the simultaneously operating
apparatuses so that each one of the apparatuses conducts a respective test selected from
the group consisting of an extreme pressure, hydrodynamic and corrosive wear stability

test,

29. The system. of claim 28, wherein the simultaneously operating apparatuses
each conduct a respective one of the extreme pressure, hydrodynamic and corrosive tests
different from the test conducted on the other one of simultaneously operating -

apparatuses.

30. The system of claim 29, wherein one of the simultaneously operating

apparatuses is configured to conduct the corrosive test simultaneously with one of the

extreme pressure and hydrodynamic tests.
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26. The system of claim 25, wherein the at least one wear stability test is
selected from the group Cbﬁpsisting of an extreme pressure test,“-)
hydrodynamic test, corrosive test and a combination thereof, the‘at least
oﬁ@%ﬁgﬁ(&ﬂ}?%eing coupled to the controller having software, WHidHUS2004/636071
executes thereon for selectively changing a plurality of conditions for the
at least one wear stability test, the plurality of conditions being selected
from the group consisting of duration of the at least one wear stability
test, load generated during 33 WO 2005/042765 PCT/US2004/036071
the at leabt dHe WeisPRA B st vhsiaia e Grradivdreusaling heEtng
least one wear. stability test and a combination thereof. 27. The system of
cIRATFFOB 9L AHSY BRI Y chiRstsP bhersumishah ap parartissoRisiet o

the controller and, configured to conduct each of the extreme pressure,
h

REFRIE g?%a‘%ﬂ%%%%é%a&ﬁﬁé%ﬂfrﬁﬁﬁ%ﬂﬁﬁm%ﬁ‘éOdcif“bﬂcatmg oil
i T R e AT LT Y .
SR el B SR i e SR Uete

each one Pf %he apparatuses conducts a respective test selected from the
COITOSIVE 18818 i

group consisting of an extreme pressure, hydrodynamic and corrosive
wear stability test. 29. The system of claim 28, wherein the
simultaneously operating apparatuses each conduct a respective one of

the extremerpresawe, Jgrodyn mergmﬁeoa&ﬂxﬁeg%}m&iHsg%a%fwg@c)peratmg

the test conductéd on the other one of simultaneously operating
thereon for optimizing each of the selected multiple groups by balancing a cost of each of

the lubricating oil compositions included in a respective one of the selected multiple
groups and a respective wear-stability result of the each of the lubricating oil

compositions of the selected group.

33. The systern of claim 22, wherein the plurality of lubricating oil compositions

each is contained in a respective test receptacle.

34. The system of claim 33, wherein the moving unit includes a robotic arm

configured to grasp and deliver each of the test receptacles to the testing station.

35. The system of claim 33, wherein each test receptacie has a bar code affixed to

an outer surface thereof,
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apparatuses. 30. The system of claim 29, wherein one of the
simultaneously operating apparatuses is configured to conduct the
corrosive test simultaneously with one of the extreme pressure and
hydrodynamic tests. 34 WO 2005/042765 PCT/US2004/036071 3 1. The
system of claim 26, wherein the controller has software operating thereon
for analyzing a rate of change of a result of each of the extreme pressure,
hydrodynamic and corrosive tests of a respective one of the plurality of
lubrigatindhipih thoonphsitionaliodskieatreanitipleslgioahssth reofipesiciost under
which includes the lubricating oil compositions better suited for a
prgasticularroheahthsiexttbise pressaarbyckiod ynanmidigned! didfrosiviebestsing
32. The system of claim 31, wherein the controller farther has software
oiloperptimgotensinsforoptinmizing eaeirohihs:seldctedasiultiplmsgroups by
balancing a cost of each of the lubricating oil compositions included in a
furdspetivisconyointh € sel ootad atiplef grdenss ansdubrisspegtiviadditive; (b)
wear-stability result of the each of the lubricating oil compositions of the
messlsate oV eposipb By Theash seemnlefeintiop Wrtieriellthedstadatitash sample,
lubricating oil compositions each is contained in a respective test
whesgaptacrcas stapfld siitasasuredl aing 531 sphsiethitne Moy ARasinged an
a robotic arm configured to grasp and deliver each of the test receptacles
CXHIHOPIESTING WERH GFrt Sy Py RS I BF Eaint TTOSWISENER abhpebat

receptacle has a bar code affixed to ..
combination thereof; (¢) outputting the results of step (b); (d) systemizing the outputted

results of step (c) of each of the extreme pressure, hydrodynamic and corrosive wear
tests, thereby assembling a library of the outputted results associated with each of the
plurality of lubricating oil compositions, wherein each one of the wear tests is selected to
be indicative of performance of a selected part of or an entire running internal

combustion engine; and (e) storing a reference value selected from desired operating
conditions or statutory requirements and comparing the outputied results of at least one of
the extreme pressure, hydrodynamic and corrosive wear tests of the plurality of
lubricating oil compositions to the stored reference value in accordance with the program

control.

37. The method of claim 36, further comprising the step of assigning a "pass/fail"
value to each of the outputted results of the plurality of lubricating oil compositions
stored in the library upon comparison thereof to the reference value in accordance with

the program control.
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an outer surface thereof. 35 36. A high throughput method for screening
lubricating oil compositions, under program control, comprising the steps
of. (a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive; (b)
measuring wear stability of each sample to provide wear stability data for
each sample, wherein the wear stability is measured by a test selected
from 3Be Do up:toidsisitngrobanfiekise coempressuiBeweas t€stlecting a group of
hydrodynamic wear test, corrosive wear test and a combination thereof;
théd) mutpuitting! themesudisrefstep ¢n)thd)spstiadiizinigdhendytpuitids results
of step (c) of each of the extreme pressure, hydrodynamic and corrosive
analgsis ¢Bstshthittfelsemsgeimbiing thdibrawy of thizioatipgtedd-regulsgions to select
associated with each of the plurality of lubricating oil compositions,
at\gheirens epidhaliebotatie svebeaewssigwelected to be indicative of
performance of a selected part of or an entire running internal combustion
engine; and (e) storing a reference value selected from desired operating
conditions or statutory requirements and comparing the outputted results
of at {astisrisgiothel slaieme pregsitdihiidrsay e aritonibaiditivedy
tests of the plurality of lubricating oil compositions to the stored reference

selfafge PRCLEEAHES T IRE DroaBTAN e Bl 3T AR AL er e ifafivst
. 36, further comprising the step. of assigning a "pass/fail’ value to each of
mm%tampqﬁ%&al}%égﬁg%ﬁﬂa“@% ARG O SO P
in the library upon comgarison ereof to the reference value in
m%r%lihlg}‘&é?%lg W?ﬁt depressants, antifoaming agents, co-solvents, package

compatibilisers, corrosion-inhibitors, ashiess dispersants, dyes, extreme pressure agents

and mixtures thereof.

40. The method of claim 36, wherein the lubricating oil composition samples have

a volume of no more than about 20 ml.

41. The method of claim 36, wherein the lubricating oil composition samples have

a volume of no more than about {5 ml.

42. The method of claim 36, wherein the lubricating oil composition samples have

a volume of no more than about 10 ml.
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the program control. 36 38. The method of claim 37, further comprising
the steps of selecting a group of the lubricating oil compositions based on
the "pass/fail” values and providing a cost analysis of each of the
selected one of the group of lubricating oil compositions to select at least
one optimal lubricating oil composition. 39. The method of claim 36,
wherein the at least one lubricating oil additive is selected from the group
consisting of antioxidants, anti-wear agents, detergents, rust inhibitors,

dehadinjlegeettsiddeinidsifyiagrdgeritsthmbtal deactivatbom poetits, srietitn have
modifiers, pour point depressants, antifoaming agents, co-solvents,

a waokagd nompatibiisebsutbmdsion-inhibitors, ashlers dispersants, dyes,
extreme pressure agents and mixtures thereof. 40. The method of claim
36, wherein the lubricating oil composition samples have a volume of no
more than about 20 ml. 41. The method of claim 36, wherein the
lubridatihbeoncbedpdsition Sanphersivailie ster dlmesonuiicete thapugbsube
15 ml. 42. The method of claim 36, wherein the lubricating oil composition

regiinhpieten AVECUPEIERh E0B BGIRTTRS e SRR O3 (0 Btepd bT Heonstissal

_of claim 36, wherein the lubricating oil composition samples have a
signsi e SRAGHerigis sBB'S RINAWPIESI¥thod of claim 36, wherein
the step (c) of automatically outputting the

43, The method of claim 36, wherein the at least one Iubricating oil additive

further comprises a diluent oil.

46. A high throughput method for screelning lubricating oil compositions, under
program control, comprising the steps of: (a) providing a plurality of different lubricating
oil composition samples comprising (i) a major amount of at least one base oil of
lubricating viscosity and (ii) a minor amount of at least one lubricating oil additive; (b)
measuring wear stability of each sample to provide wear stability data for each sample,
wherein the wear stability is measured by a test selected from the group consisting of an
extreme pressure wear test, hydrodynamic wear test, corrosive wear testand a
combination thereof; (c) outputting the results of step (b); (d) systemizing the outputted
results of step (¢) of each of the extreme pressure, hydrodynamic and corrosive wear
tests, thereby assembling a library of the outputted results associated with each of the
plurality of lubricating oil compositions, wherein each one of the wear tests is selected to
be indicative of performance of a selected part of or an entire running internal

combustion engine; and (e) analyzing a change of the outputted results of each of the
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results of step (b) comprises converting the wear stability data of step (b)
into a digital signal and sending the digital signal to a microprocessor. 45.
The method of claim 36, wherein the at least one lubricating oil additive
further comprises a diluent oil. 46. A high throughput method for screening
lubricating oil compositions, under program control, comprising the steps
of. (a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating
exviggogitysand, (iy daotynemamad rbabsivieashomatiihyicating @i dadditvab iy
measuring wear stability of each sample to provide wear stability data for
upeachasazinplte pibaréin dheowddostabitity isiameastite chby® gesh seleetéd
from the group consisting of an extreme pressure wear test,
hydrodynamic wear test, corrosive wear test and a combination thereof,
(c) outputting the results of step (b); (d) systemizing the outputted results
of stéff. (Ehofmetishl of i rexipemecrriosbardenyl rodrarindndes @aoginteng a
wear tests, thereby assembling a library of the outputted results
slopssissimietbvitkedictp ot dpkadiing bedab aEthingbite pipeitiohsdrodynamic
wherein each one of the wear tests is selected to be indicative of
angeFoRTiEpteutrbbisctesispdhediralite alide tieming HtepRwoBHANSGStion
__engine; and (e) analyzing a change of the outputted results of each of the
idgpiBxirRRHepRISGfeRROWFHRITIE ESaEEEseng s éps of
stored in the library upon changing the plurality of conditions in
cogdiirRac RitRce BHIgRSRTE8RIOFAT O he method of claim 46, wherein
the step of analyzing includes generating a slope associated with the
outputted results of each of the extreme pressure, hydrodynamic

48. The method of claim 46, 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, cerrosion.-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.

49. The method of claim 46, wherein the lubricating oil composition samples have

a volume of no more than about 20 ml.

50. The method of claim 46, wherein the tubricating oil composition samples have

a volume of no more than about 15 ml.
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and corrosive wear stability tests of the plurality of lubricating oil
compositions to identify a pattern of performance thereof in response to
changing of the plurality of conditions in accordance with the program
control. 48. The method of claim 46, 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,
antifddniihg ragotso £oksol vEntshpatkdgd demgatibdisessposition samples have
corrosion-inhibitors, ashlers dispersants, dyes, extreme pressure agents

a andmeiz{iresithetbai. ad@uTHemiethod of claim 46, wherein the lubricating
oil composition samples have a volume of no more than about 20 ml. 50.
The method of claim 46, wherein the lubricating oil composition samples
have a volume of no more than about 15 ml. 39 51. The method of claim
46, wherdip néhimbricelsny of. corpsosionibasapies Hhvempossigmerphes have
more than about 10 ml. 52. The method of claim 46, wherein the

2 YgbHeafhgomesHEesHew sdiiples have a volume of no more than about
5 ml. 53. The method of claim 46, wherein the step (c) of automatically
outputting the results of step (b) comprises converting the wear stability
data of step (b) into a digital signal and sending the digital signal to a_
microprocksEsEhoTHE Méth St lldlh 4% (Fhar e e IRy BHEIng the

relslill tgl% tsltrt]e% 8;5 2&%5?{5%3 converting the wear stability data of step (b) into a digital

signal and sending the digital signal to a microprocessor.

54. The method of claim 46, wherein the at least one lubricating oil additive

further comprises a diluent oil.

. 55. A high throughput method for screening iubricating oil compositions, under
program control, comprising the steps of: (a) providing a plurality of different lubricating
oil composition samples comprising (i} a major amount of at least one base oil of
lubricating viscosity and (i1} a minor amount of at least one lubricating oil additive; (b)
storing each of the plurality of lubricating oil composition in a respective vessel, and
arranging a plurality of vessels in a predetermined sequence; (¢) displacing the plurality
of vessels of lubricating oil composition samples to a testing station configured to
provide at ieast one of a extreme pressure wear stability test, hydrodynamic wear test, and
the corrosive wear test to determine anti-wear properties of each of the tested lubricating

oil composition samples in accordance with the program control; (d) measuring wear
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further comprises a diluent oil. 55. A high throughput method for screening
lubricating oil compositions, under program control, comprising the steps
of. (a) providing a plurality of different lubricating oil composition samples
comprising (i) a major amount of at least one base oil of lubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive; (b)
storing each of the plurality of lubricating oil composition in a respective

stabMBSS e MR AN BINGraPHIaliBA Fformsasls g Rresistermingd segyence;

(c) displacing the plurality of vessels of lubricating oil composition

presS@@ples tesa Iating statior.canfigurad-tesipravide:at Isast epgahion
extreme pressure wear stability test, hydrodynamic wear test, and the

theresirtoginadeartestip detamaing antirweasipraperissupaach olthadestad
lubricating oil composition samples in accordance with the program
stepgdptrol; (d) measuring wear 40 stability of each sample by a test selected
from the group consisting of an extreme pressure wear test,
hydrodynamic wear test, corrosive wear test and a combination thereof to
provide wear stability data for each sample; and (e) outputting the results
of Steplidm&Bodlé dlaeth6d, ofhciadim (56 stwhefein:therste prafrtebisityifgther
wear stability further comprises the step of selectively changing a variety
compfisenititions fdsehmasehinghwezrg stabiiityyinfacedidanc withahe pgogram
control, the variety of conditions being selected from the group consisting
stabidityliraterrdingreveatichs pormamstofien. denerstsy ofiningithesbeleastloned
test, acid arnpunt delivered during the at least one test and a combination
frompleg@apup consisting of duration of the at least one test, load generated during the at

least one test, acid amount delivered during the at least one test and a combination

thereof.

57. The method of claim 55, wherein the extreme pressure, hydrodynamic and
corrosive wear tests are conducted simultaneously in accordance with the program

control.

58. The method of claim 55, wherein the extreme pressure, hydrodynamic and

corrosive wear tests are conducted sequentially in accordance with the program control.
59. The method of claim 55, wherein the corrosive wear test is conducted |

simultaneously with at least one of the extreme pressure and hydrodynamic tests in

accordance with the program control.
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57. The method of claim 55, wherein the extreme pressure, hydrodynamic
and corrosive wear tests are conducted simultaneously in accordance
with the program control. 58. The method of claim 55, wherein the
extreme pressure, hydrodynamic and corrosive wear tests are conducted
sequentially in accordance with the program control. 59. The method of
claim 55, wherein the corrosive wear test is conducted simultaneously

withcatrieasteons: of e @XM IESSUR &R M@gmdgz@ﬁﬁ%i&e

accordance with the program control. 41 60. The méthod of claim55,

outplliftheERomprision shenstepehsysiamizing,he cpuiptiediresylis of eachals

the extreme pressure, hydrodynamic and corrosive wear tests, thereby

ther@ssevlingha dbtasy-pbte-euitpuited-tesulisasspeiatesnith eachohibelity

plurality of lubricating oil compositions, wherein each one of the wear

of lutestsrisgsellectegdoihendnaicativecafiperformance-of aselectes-parifor
an entire running internal combustion engine. 61. The method of claim

indidGfiywhpetivtheuatd ed st ehe dubsicatifgraih addidverisiseleaied frombion
group consisting of antioxidants, anti-wear agents, detergents, rust
engliighibitors, 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. 62.
ThelmBthseriod ainm!ssn Wherbmanrdisotideassemblpseguentialividiivieises
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, ashiess dispersants, dyes, extreme pressure agents

and mixtures thereof,

62. The method of claim 55, wherein a robotic assembly sequentially retrieves
and displaces the plurality of vessels to the testing station in accordance with the program
~ control for determination of anti-wear properties of the plurality of lubricating oil

COmpositions.
63. The method of claim 35, wherein a robotic assembly selectively retrieves and

delivers individual vessels to the testing station in accordance with the program control

for determination of anti-wear properties of the plurality of Jubricating oil compositions.
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and displaces the plurality of vessels to the testing station in accordance
with the program control for determination of anti-wear properties of the
plurality of lubricating oif compositions. 63. The method of claim 55,
wherein a robotic assembly selectively retrieves and delivers individual
vessels to the testing station in accordance with the program control for
determination of anti-wear properties of the plurality of lubricating oil
COMppOBItaNsih 241 ihesn ethad ebalakRiad ¢Iﬁ@@ﬁ%@%lﬁl§@ﬁ@%§¥ﬁ%
of providing the testing station with at least one apparatus configured to
staticonducitheatdeasponeref @xifemed pressidgie e lotyRammic andwear
stability tests, the apparatus being selected from the group consisting of a
presRire anddéenBiniksml kaur-BalliBloekiantcappmbinatiandtearenl 8omine
method of claim 55, wherein each vessel of the lubricating oil composition
grovgarpiss asia Vilume vbaBimbre han-aatius20knh 66 cdihbimethadefof,
claim 55, wherein each vessel of the lubricating oil composition samples
has a volume of no more than about 15 ml. 67. The method of claim 55,
wherein each vessel of the lubricating oil composition samples has a
volbnéTist inethedrefthaimabbuttkoenlcad sechtdtthod wWirtiging 58, wherein
each vessel of the lubricating oil composition samples has a volume of no
COMPBRSFECthEERS NG mYoBONThienmebisdtoiciaimt 39, miherein the step (e) of
automatically outputting the results of step (d) comprises converting the
wear stability data of step (d) into a digital signal and sending the digital

signal to a microprocessor. ,
66. The method of claim 55, wherein each vessel of the lubricating oil

composition samples has a volume of no more than about 15 ml.

67. The method of claim 55, wherein each vessel of the lubricating oil

composition samples has a volume of no more than about 10 mi.

68. The method of claim 55, wherein each vessel of the lubricating oil

composition samples has a volume of no more than about 5 ml.

69. The method of claim 55, wherein the step (e} of automatically outputting the
results of step (d) comprises converting the wear stability data of step (d) into a digital

signal and sending the digital signal to a microprocessor.



43 70. The method of claim 55, further comprising the steps of compiling
the wear stability data sent to the microprocessor in an electronically
stored database and constructing therefrom a combinatorial lubricating oil
composition library. 71. The method of claim 55, wherein the at least one
lubricating oil additive further comprises a diluent oil. 72. A system for
screening a plurality of lubricating oil compositions, under program

CO”UQ'T%%f@@gf@%%@yrﬁﬂ%&f&%ﬁ F%%?gﬁl&'ﬁgp eqeh,containing a

different lubricating oil composition each comprisin | a major a‘i’nount 0

stalslilgast P06 Rase.oll of Jubricaling, Xi?@fé%'{%ﬁ@%l? L8049 Amoun of at

least one lubricating oil additive; (b) a moving unit configured to

conielivighaiy-pasition sasineliie RlurRlalIubrisatag Al gampositions in

a testing station for measurement of wear stability of each ofthe
lubricating oil compositions, wherein the wear stability is measured by a
test selected from the group consisting of an extreme pressure wear test,

hydradynamigiwear desh soriobive NeartestardAnemRinatian.theree;
and, (c) a controller coupled to the testing station and configured to

furtheceiveraidssidimctheiheasurements of each of the extreme pressure,
hydrodynamic and corrosive wear tests of each of the plurality of
lubricating oil compositions, thereby assembling a library of the outputted
results associated with each of the plurality of lubricating oil compositions,
whelgin‘eatstrorerct thenmgartbstdiiy stlectedttadhalindigativecat, under
performance of a selected part of or an entire running internal combustion
progiygirfentint comprising:

(a) a plurality of test receptéclcs, each containing a different ubricating oil
composition each comprising (i) a major amount of at least one base o0il of lubricating
viscosity and (ii) a minor amount of at least one lubricating oil additive;

(b) a moving unit configured to individually position each of the plurality of
lubricating oil compositions in a testing station for measurement of wear stability of each
of the lubricating oil compositions, wherein the wear stability is measured by a test
selected from the group consisting of an extreme pressure wear test, hydrodynamic wear
test, corrosive wear test and a combination thereof; and,

(¢c) a controller coupled to the testing station and configured to receive and store
the measurements of each of the extreme pressure, hydrodynamic and corrosive wear
tests of each of the plurality of lubricating oil compositions, thereby assembling a library
of the outputted results associated with each of the plurality of fubricating oil

compositions, wherein each one of the wear tests is selected to be indicative of

performance of a selected part of or an entire running internal combustion engine; and

44



44 comparing the outputted results of at least one of the extreme
pressure, hydrodynamic and corrosive wear tests of the plurality of
lubricating oil compositions to a stored reference value selected from
desired operating conditions or statutory requirements in accordance with
the program control. 73. The system of claim 72, wherein the controller is
provided with software for automatically receiving and storing the

coripedsy emeniseiiaasitebine RIHeRe Aressueeny HadYRAMG 806k amic

corrosive wear tests of each of the plurality of lubricating oil compositions.

and béribhie systenwf stale fiaranbesginihiecontellesispirvided Withred
software for assembling the stored measurements of each of the extreme

refepeassunty chytiradyfamidanddcorresivg weaaliesis ofeaeofdharphuality,
of lubricating oil compositions processed on the testing station in an

accaléotremctlibhanytogbud bengyétem of claim 74, wherein the testing station
includes at least one apparatus configured to conduct at least one of the:
extreme pressure, hydrodynamic and corrosive wear tests for measuring
the wear stability of each of the plurality of lubricating oil compositions.
76. Theldysterteniodielirmy 22 wherein the alecldt:on prappiarattit kethgare for
coupled to the controller having software, which executes thereon for

autospasicaiialycetisinginacsiplinatity oeonditions fbreted of feast tomecqfrthaure,
extreme pressure, hydrodynamic and 45 corrosive wear tests, the

hydgdvang)isPradRammscoemy lsEfeetcachoftse rolity edhdisiagng oil

compositions.

74. The system of claim 72, wherein the controller is provided with software for
assembling the stored measurements of each of the extreme pressure, hydrodynamic and
corrosive wear tests of each of the plurality of Iubricating oil compositions processed on

the testing station in an electronic library.

75. The system of claim 74, wherein the testing station includes at least one
apparatus configured to conduct at least one of the extreme pressure, hydrodynamic and
corrosive wear tests for measuring the wear stability of each of the plurality of tubricating

oil compositions.
76. The system of claim 72, wherein the at least one apparatus being coupled to

the controller having software, which executes thereon for selectively changing a

plurality of conditions for the at least one of the extreme pressure, hydrodynamic and
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of duration of the at least one wear stability test, load generated during the
at least one wear stability test, acid amount delivered during the at least
one wear stability test and a combination thereof. 77. The system of claim
76, further comprising at least one additional apparatus coupled to the
controller and configured to conduct each of the extreme pressure,
hydrodynamic and corrosive tests of the plurality of lubricating oil

con®RRPRSHIABSs 18e PSSP G A GIRIM ddnyhgreingt %ﬁtt*%ab%gﬁ gonsisting

additional apparatus operates simultaneously with the at least o

of dBRRRRAUInEDE el heingwRrey idad with, Seftwar Q0Rf afing thereon

for controlling each of the simultaneously operating .apparatuses so that
weaP3CBIORE:SH 1hE ARRBHAIURES CRAGIR AKEIPRELYVEQRE-Of (NS &N RMGAd 4

pressure, hydrodynamic and corrosive wear tests. 79. The system of claim
combmberaiadire simultaneously operating apparatuses each conduct a
respective one of the extreme pressure, hydrodynamic and corrosive tests
different from the test conducted on the other one of simultaneously
operating apparatuses. 80. The system of claim 79, wherein one of the i
simiitafiowsiycoperating 7ppatatusemisiconfigusad tacanduchid@pparatus

corrosive test simultaneously with one of the extreme pressure and
couplpdrodiinamicdistand 68ii ghhel systeniof clain 7Rewheteia thegeaqtroller

has software operating thereon for analyzing a rate of change of a result
hydufdyashigfahkcextreineiplessube, phyeligdyharmic aig odreosipestasis of a

respective one of the plurality of lubricating oil

78. The system of claim 77, wherein the at least one additional apparatus operates

simultaneouslty with the at least one apparatus, the controller being provided with
software operating thereon for controlling each of the simultaneously operating

apparatuses so that each one of the apparatuses conducts a respective one of the extreme

pressure, hydrodynamic and corrosive wear {ests.

79. The system of claim 78, wherein the simultaneously operating apparatuses
each conduct a respective one of the extreme pressure, hydrodynamic and corrosive tests
different from the test conducted on the other one of simultaneously operating

apparatuses.
80. The system of claim 79, wherein one of the simultaneously operating

apparatuses is configured to conduct the corrosive test simultaneously with one of the

extréme pressure and hydrodynamic tests.
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compositions to select multiple groups thereof, each of which includes the
lubricating oil compositions better suited for a particular one of the
extreme pressure, hydrodynamic and corrosive tests. 82. The system of
claim 72, wherein the base oil of lubricating viscosity is a natural or
synthetic oil. 83. The system of claim 72, 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,

pogr peint depressantsnANfRARIRY AUl ER:s AN RACKAYS n,

compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme

therdHERUELRGRNS ARAMKIHRSINereqli 8¢ A he IYRIEM RInClaims i e,

wherein the at least one lubricating oil additive is an anti-wear agent. 85.

hydréoSHEEEIN A SSFR/AIBEAPHAlbLeEH R GAlInoR HOMROSIaN 4ALE bl

program control, comprising: 47 (a) a plurality of test receptacles, each
compayiatning eriferan jubsicatingheitEDEAPR Sitian eRH:RANPHS RBHDagng oil

major amount of at least one base oil of lubricating viscosity and (ii) a
compoiidsarbetnt of atfast pradularicating ik agdiive pte)sars)ayingdyiinic and

configured to individually position each of the plurality of lubricating oil
corrceompEsitions in a testing station for measurement of wear stability of each

of the lubricating oil compositions, wherein the wear stability is measured

by a test

82. The system of claim 72, wherein the base oil of lubricating viscosity is a

natural or synthetic oil.

83. The system of claim 72, 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 thersof

84. The system of claim 72, wherein the at least one lubricating oil additive is an

anti-wear agent.

85. A system for screening a plurality of lubricating oil compositions, under

program control, comprising:
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selected from the group consisting of an extreme pressure wear test,
hydrodynamic wear test, corrosive wear test and a combination thereof;
and, (c) a controller coupled to the testing station and configured to
receive and store the measurements of each of the extreme pressure,
hydrodynamic and corrosive wear tests of each of the plurality of
lubricating oil compositions, thereby assembling a library of the outputted

resylis asaeniaied w@%ﬁ&%ﬁa&é&,h&a{%@ﬂ%ﬁ%g@ﬂ%épa(ﬁt?&bﬁeégﬁg%}ﬁon&

wherein each one of the wear tests is selectedto be indicative

conRRIfRIMAnes &I@p?%lﬁgtgjéalﬁ%%&fﬁﬁ%%ﬁﬁ?l@d&%ﬂg spternaLeamhustion

engine; and further con to analyze a change of the outputted

visdesitlltenal(apeh-aldhenifeata: BesIHe niiadnamiganstcorrosive

wear stability tests stored in the library upon changing a plurality of

condifiensdviaceardanee withthe areghany ¢esiioh 864 HIemytem:af o

claim 85, wherein the controller is provided with software for automatically

lubrieeandnrgl anghsteitiogstheameasyremientfoeheach-ahihe e Massdreach
hydrodynamic and corrosive wear tests of each of the plurality of

of theliribatimgngibitempositions. wiB:An Theveystenvofclaim-86urahpyeindhe
controller is provided with software for assembling the stored

selertedfurertientsoop eactisththe exteamerprpssuie; ydredyriamicdmndmic wear
corrosive wear tests of each of the plurality of lubricating oil compositions

testprocessedvear thrt tedtingstatienom tharedértrahic library. 88. The system of
claim 85, wherein the testing station includes at least one apparatus
configareehtooBendunted ledst tmtnagstatstability tedigfoedrieastring ik store

wear
the measurements of each of the extreme pressure, hydrodynaniic and corrosive wear

tests of each of the plurality of lubricating oil compositions, thereby assembling a library
of the outputted results associated with each of the plurality of lubricating oil
compositions, wherein cach one of the wear tests is selected to be indicative of
performance of a selected part of or an entire running internal combustion engine; and
further configured to analyze a change of the outputted results of each of the extreme
pressure, hydrodynamic and corrosive wear stability tests stored in the library upon

changing a plurality of conditions in accordance with the program control,

86. The system of claim 83, wherein the controller is provided with software for
automatically receiving and storing the measurements of each of the extreme pressure,
hydrodynamic and corrosive wear tests of each of the plurality of lubricating oil

compositions.
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stability of each of the plurality of lubricating oil compositions. 89. The
system of claim 85, wherein the controller is provided with software for
selectively changing the plurality of conditions for the at least one of the
wear test, the plurality of conditions being selected from the group
consisting of duration of the at least one wear stability test, load
generated during the at least one wear stability test, acid amount

deligered-dutingther atleast ongnean=tabilits iesiand R -camRinatia.re for

thereof. 90. The system of claim 85, wherein the base oil of lubricating

assHSIOSINAISsBrBatEaL QpEkelic Rl Kl be:sysiem ol AlaimaBarwharein

the at least one lubricating oil additive is selected from the group
corRRNSSHing Rbaividantshapinyes AIeRiSaIeis 00y sbslboBIBINSA on

dehazing agents, demulsifying agents, metal deactivating agents, friction
the madifiestipour poitdepiestiartg, antifoaming agents, co-solvents,
package 49 compatibilisers, corrosion-inhibitors, ashless dispersants,
dyes, extreme pressure agents and mixtures thereof 92. The system of
claim 85, wherein the at least one lubricating oil additive is an anti-wear
agedi. She system of claim 83, wherein the testing station includes at least one
apparatus configured to conduct at least one wear stability test for measuring the wear

stability of each of the plurality of lubricating oil compositions.

89. The system of claim 85, wherein the controller is provided with soﬂ*&are for
selectively changing the plurality of conditions for the at least one of the wear test, the
plurality of conditions being selected from the group consisting of duration of the at least
one wear stability test, load generated during the at least one wear stability test, acid

amount delivered during the at least one wear stability test and a combination thereof.

90. The system of claim 85, wherein the base oil of lubricating viscosity is a

natural or synthetic oil.

91. The system of claim 85, wherein the at least one hubricating 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
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compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.

92. The system of claim 85, wherein the at least one lubricating oil additive is an

anti-wear agent.
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