WO 2005/044962 PCT/ES2004/035875 HIGH THROUGHPUT
PREPARATION OF LUBRICATING OIL COMPOSITIONS FOR
COMBINATORIAL LIBRARIES BACKGROUND OF THE INVENTION 1.
WRtEdPEield The present invention relates generally to hiSHFRPSHGHBTHTS
preparation of a plurality of different lubricating oil compositions for
combinatorial libraries and subsequent high throughput screening for
lubricant performance. 2. Description of the Related Art The use of a
combinatorial approach for materials synthesis is a relatively new area of
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arez of research aimed at using rapid synthesis and screening methods to build libraries of
polymeric, inorganic or solid state materials. For example, advances m reactor
technology have empowered chemists and engineers to rapidly produce large libraries of
discrete'o‘rganic molecules in the pursuit of new drug discovery, which have led to the
development of & growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonty known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.
Presently, research in the lubricant industry invoives individually forming
candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate composition require manual
operation. This, in furn, significantly reduces the number of compositions that can be

tested and identified as leading lubricating oil compositions.



tested and identified as leading lubricating oil compositions. WO
2005/044962 PCT/US2004/035875 Drawbacks associated with

convﬁentional screening procedures can be seen as follows. For gxamplte_, )
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phosphorous and sulfur content of lubricating oil compositions used as, for
example, passenger car and heavy duty diesel engine oils, is leading to
new research to identify oil compositions which can satisfy certain tests
such as, for example, oxidation, wear and compatibility tests, while

containing,low levels of phosphorous and sulfyr. In this, context, United
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2004 and below 0.05 wt.% by January, 2006. Also, at present, there is no industry
standard requirement for sulfur content in engine oils, but it has been proposed that the
sulfur content be below 0.2 w.% by January, 2006. Thus, it would be desirable to
decrease the amount of phosphorous and sulfur in Iubricating oils still further, thereby
meeting future industry standard proposed phosphorous and sulfur contents in the engine
oil while still retaining the oxidation or corrosion inhibiting properties and antiwear
properties of the higher phosphorous and sulfir content engine oils. In order to
accompiish this, a large number of proposed lubricating oil compositions must be tested
to determine which compositions may be useful.

Additionally, similar changes in specifications and changing customer needs also
drive reformulation efforts in other lubricant applications such as, for exampie,

transmission fluids, hydraulic fluids, gear oils, marine cylinder oils, compressor oils,

refrigeration lubricants and the lke,



transmission fluids, hydraulic fluids, gear oils, marine cylinder oils,
compressor oils, refrigeration lubricants and the like. 2 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 compositions and screening of such
compositions for information correlating to the actual useful properties of
the ¢cbmpusitiensittted ariaimglypritsarns utebbredie sirabde itdriapid yrprepardoas not
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gifferent lubricating oil composition samples in the
plurglity 9fiod for preparing a vast number of diverse lubricating oil compositions and

system therefor is provided herein. Accordingly, in one embodiment a method for
preparing a plurality of different lubricating o1l formutations ts provided comprising the
steps of {a) providing a major amount of (i} at least one base 0il of lubricating viscosity
and (ii) a minor amount of at least one lubricating oil additive for combination to
formulate a lubricating oil composition; {b) providing a plurality of test reservoirs; (¢)
combining, under program control, the major amount of the at least one base oil of
lubricating viscosity and the at least one lubricating oil additive in varying percentage
compositions to provide a plurality of different lubricating oi! composition samples; and,
(d) containing each of the different lubricating oil composition samples in the plurality of

test reservoirs.



test reservoirs. 3 In a second embodiment, a system for preparing a

plurality of lubricating oil compositions, tinder program control, is provided

comprising (a) a supply of at least one base oil of lubricating viscosity; (b)

a supply of at least one lubricating oil additive; (c) a plurality of test

reservoirs; (d) means for combining selected quantities of the at least one

base oil of lubricating viscosity with selected quantities of the at least one

lubricating oil additive to form a plurality of different lubricating oil
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catprigel e tnogaling efe base oil of lubricating viscosity and at least one lubricating
oil additive for combination to formulate a leading candidate lubricating oil composition
for testing; and b) containing, under program control, a piurality of leading candidate
lubricating oil compositions comprising a major amount of at least one leading base oil of
lubricating viscosity candidate and a minor amount of at least one leading lubricating oil
additive candidate in varying percentages in a plurality of test reservoirs.

In a second aspect, there is provided a system for preparing a plurality of
lubricating oil formulations, under program control, which comprises: a) a supply of at
least one base oil of lubricating viscosity; b) a supply of at least one lubricating oil
additive; ¢) a plurality of test reservoirs; d) means for conducting molecular modeling of
the at least one base oil of lubricating viscosity and the at least one iubricating oil
additive to provide leading candidates of the at least one base oil of lubricating viscosity
and at least one lubricating oil additive for combination to formulate a leading candidate
lubricating oil composition for testing; ¢) means for combining selected quantities of the

major amount of at least one leading base oil of lubricating viscosity candidate with



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

lubricating oil additive to provide leading candidates of the at least one

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

combination to formulate a leading candidate lubricating oil composition

for testing; €) means for combining selected quantities of the major

amount of at least one leading base oil of lubricating viscosity candidate

with 4 selected quantities of the minor amount of the at least one leading
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embadiments are descrlbed below with reference to the drawings
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W TS E schematic diagram of a system for preparing a

pIurallty of different lubricating oil compositions; and, FIG. 2 is a

schematlc |Ilustrat|on of a dispensing system of the invention. DETAILED
BREF PN RO IBREFERRES EMBODIMENT(S) The invention is
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lubricating oil composition samples for subsequent testing for lubricant
whgeifsrmance properties. The expressmn "high throughput" as used herein
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The invention is directed to the high throughput preparation of a plurality of
different lubricating oil composition samples for subsequent testing for lubricant
performance properties. The expression “high throughput”™ as used herein shali be
understoo& to mean that a relatively large number of different lubricating oil
compositions can be rapidly prepared ad analyzed. In general, varying quantities of at

least one base oil of lubricating viscosity and at ieast one lubricating oil additive are

da



4a WO 2005/044962 PCT/US2004/035875 introduced in respective test
reservoirs so that each reservoir contains a different lubricating oil
composition. The procedure is advantageously accomplished under
WR38rE R ¥6htrol and is automatically controlled by, for exanmBf&/#52004/035875
microprocessor or other computer control device. The expression
"program control" as used herein shall be understood to mean the
equipment used herein in providing the plurality of lubricating oil
compositions is automated and controlled by a microprocessor or other
uter. control device. The lubricating oil compositions for use in the
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identified by a unique formula, product identification number, or both. The
dsai&-0il for use herein can be any presently known or later-discovered
base oil of lubricatin scosrg used in formulating lubricating oil
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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 oil” as used herein shall be undersiood to mean 2 base stock or blend of
base stocks which is a lubricant component that is produced by a single manufacturer to
the same specifications (independent of feed source or marfacturer'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
0il compositions for any and all such applications, e.g., engine oils, marine cylinder oils,
functional fluids such as hydraulic oils, gear oils, transmission fluids, etc. Additonally,
the base oils for use herein can optionally contain viscosity index improvers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene

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



polymeric alkylmethacrylates; olefinic copolymers, e.g., an
ethylene-propylene copolymer or a styrene-butadiene copolymer; and the
like and mixtures thereof. As one 5 WO 2005/044962
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viscosity of the base oil is dependent upon the application. Accordingly,
the viscosity of a base oil for use herein will ordinarily range from about 2
to about 2000 centi.stokes (cSt) at 100 Centigrade (C). Generally,
individually the base oils used as engine oils will have a kinematic

iscasity. range at 100¢; of about 2 ¢St to about 30 eSt, preferably about 3
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Ives in the finis to give the desired grade of engine oil, e.g.; a
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or 15W-40. Oils used as gear oils can have viscosities ranging from about
DEStedabait @D 48ta A CrBasel sthoks Indy bervarfastuzedusing
a variety of different processes including, but not limited to, distillation,
wefvehbrabiving chikreeen broSessinglldligolnerd atiblvpdestésificaiinnoaiid
rerefining. Rerefined stock shall be substantially free from materials
FivGaERITHB g At RGeSt aoR et it g dsel Jeine
bfase oil ol the .lubricatin oil.cog%%ositiorés%%f this invention me%ybe an

Raftfaror Sy S B ARO  PA LR SR SiabRE PR bt 8h En

<fo Gt f e
RE sl aib gt

fHpthas pOAIPIARIARN QHRAD 1315, Arvirom TyHea PR EYBNE Al sed as
procedures
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 limited to, distillation, solvent refining, hydrogen processing, oligomerization,
esterification, and rerefining. Rerefined stock shall be substantially free from materials
introduced through manufacturing, contamination, or previous use. The base oil of the
lubricating oil compositions of this invention may be any natural or synthetic iubricating
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-olefins to provide
polymers such as polyalphaoiefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process. For
exampie, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,

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



using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch
process. For example, a suitable base oil is one that comprises little, if
heav fraction; e.qg., little, if any, lute oil fraction of viscosity 20 cSt or
g{H 6t%oc: 6 WO 2005/044962 PCT/US2004/035875 ?ﬁﬁ%%c’é’é‘&%"”‘
may be derived from natural lubricating oils, synthetic lubricating oils or
mixtures thereof. Suitable base oil includes base stocks obtained by
isomerization of synthetic wax and slack wax, as well as hydrocracked
base stocks produced by hydrocracking (rather than solvent extracting)

the argmatic an omponents of the crude. Sujtable base ails
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Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the e,

Useful synthetic lubricating oils include, but are not limited to, hydrocarbon oiis
and halc-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutyienes, poly(i-hexenes), poly(l-octenes), poly(l-decenes), and the like and
mixtures thereof; alkylbenzenes such ag dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkyiaied polyphenyis, and the like; alkyiated diphenyl ethers and alkylaied

diphenyl sulfides and the derivative, analogs and homologs thereof and the like.



mixtures thereof; alkylbenzenes such as dodecylbenzenes,
tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the
like; ol%%%henyls such as biphenyls, terphenyls, alkylated polyphenyls,
“’é%%?%%& & alkylated diphenyl ethers and alkylated dipher§f SHHRILE %A%
the derivative, analogs and homologs thereof and the like. 7 WO
2005/044962 PCT/US2004/035875 Other useful synthetic lubricating oils
include, but are not limited to, oils made by polymerizing olefins of less
than 5 carbon atoms such as ethylene, propylene, butylenes, isobutene,

pentene, and mixtures thereof. Methods of preparing such polymer oils
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example, 1-decene trimer. Another class of useful synthetic lubricating

wilsiinehide, hul-aremetiimied.to, alkylene oxide polymers, i.e.,
homopolymers, interpolymers, and derivatives thereof where the terminal
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etherification. These oils are exemplified by the oils prepared through
Jfipeaizagitn porstiepdty x et Propyatn esostiads tydratiopbandpireriyd
ethers of these polyoxyalkylene polymers (e.g., methyl polypropylene
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ether of polypropylene glycol having a molecular weight of 1,000-1,500,
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acetic esters, mixed

alikcylene oxide polymers, i.e., homopolymers, interpolvimers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
ethertfication. These oils are exemplified by the oils prepared through polymerization of
ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glveol 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
Ca-Cy fatty acid esters, or the Ciy0x0 acid diester of tetrasthylene glycol.

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

to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,

adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic

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



C3-Cs fatty acid esters, or the C13o0xo acid diester of tetraethylene 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
VRN Succinic acids, alkenyl succinic acids, maleic acilCE2EHMAEE7S

suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic acid diner,
malonic acids, alkyl malonic acids, alkenyl malonic acids, etc., with a
variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 8

WO 2005/044962 PCT/US2004/035875 2-ethylhexyl alcohol, ethylene

glycql, diethylene glycol monoether, propylene glycol, etc. Specific ‘
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ester formed by réacting one mole of sebacic acid with. two molés’o
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Esters useful as synthetic oils also include, but are not limited to, those
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atoms with alcohols, e.g., methanol, ethanol, etc., polyols and polyol
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dipentaerythritol, tripentaerythritol, and the lilce. Silicon-based oils such
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Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryioxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not limited to, tetraethyl
silicate, tetra-isopropyl silicate, tetra-(2-ethythexyl) silicate, tétra~(4~meﬂ1y1-
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-{4-methyi-2-pentoxy)disiloxane,
poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful
synthetic lubricating oils include, but are not limited to, liquid esters of phosphorous
containing acids, e.g., tricresyl phosphate, tricctyl phosphate, diethyl ester of decane
phosphionic acid, etc., 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 bittmen) without further purification or treatment.



poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet
other useful synthetic lubricating oils include, but are not limited to, liquid
esters of phosphorous containing acids, e.g., tricresyl phosphate, trioctyl
Yiho¥bfiAtSdiethyl ester of decane phosphionic acid, etc., pBiJrH&He4/035875

tetrahydrofiuans and the like. The lubricating oil may be derived from
unrefined, refined and rerefined oils, either natural, synthetic or mixtures

of two or more of any of these of the type disclosed hereinabove.
Unrefined oils are those obtained directly from a natural or synthetic

ourc .g., goal, shale, or. tar sands bitumen) without further purification

PO 1S T SRS DRAGES BT IS BAMOR875 LR A
efined qils i ,.but are not Jimited to,.a shale oil gbtained directl

e S B SR G o et

& ymeRienelontained directly from anesterification process, each.af .

which is then used without further treatment. Refined oils are similar to

fhesinrefinegoiieaxceptihayshave bapnufasthen baateddn ane o MQLs,
purification steps to improve one or more properties. These purification

fiedlenitrses! arekmonmote thase.obskithinithenart-anshineluste: fespexample,
solvent extractions, secondary distillation, acid or base extraction,
Thasstiown peabletiongisydrolreeing, Blewaxislg]letcihR ercfiriddobits aie
obtained by treating used oils in processes similar to those used to obtain
FerPRe RIS FeH Heietn SEF O aT S HIBRH W oA eisbrse ifRst s fliration,
reprocessed.oils and often are additjonally processed by techniques
RO TORG RSt S5EAT e e PRI FERR ABHH b1 BB GErame e

iR AR L DASE OGS QMBI e YO SOMPHEROn BTN aico

ol
may e used, either alone or Iin combination wi aroresa

1283k 20GUenSYBINEIS RASA oils and ofien 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/ar synthetic base
stocks. Such wax isomerate oil is 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 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 formmulating lubricating oil compositions. The lubricating ol
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,
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stocks. Such wax isomerate oil is 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
WP H&axing of mineral oils; synthetic waxes are typicgfff‘mé%%&ssms
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 formulating lubricating oil compositions. The lubricating oil
g %ité\é%%@% use Qg_ge@iéaglu%%al tar% I:Q__ot Ijr?iiged to, antioxi%z?ants, ;
Ni-Weal Agente detargants SUGh Ssh el JeterGRRte S EEATBRS Aeents,

a
uisiting %Qﬁ%nw%%wgré%%géé%?e%ﬁgﬁsd es,

Hehazing g&%@o&g% _ ;
PCT/US2004/035875 metal deactivating agents, friction mo , pour

ReEeREarsARIRARII0A RING: ATRME, £ A SRIVENtS . RREKAD  quire the
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme

Fdressuess agenis-andithedike andamixtures-thereotGreaseswilthdequire the
addition of appropriate thickeners. A variety of the additives are known
candngomimereialiyeaviditableldlihespoadiditivesperitheimgnalogous be
compounds, can be employed for the preparation of the various
TBkeati ey BIF coTRPeERTops evalienalvErsative i teeisiathgrein.
additive(s) can further contain a diluent oil to form an additive )
concettratd e CORtaRHtr#aY TR Shtande deTeastahilpated e

t. % to,about 10 wt. % and preferably from about 90.wt, % to.about 50
A e ome e e o oo sl 6 Rtk g oot 90

rom aoou

raferably from,akout 10w 96,0, ahout AW %, of 116, f58ARIRY ¢,

additive(s). Suitable diluents for'the concentrates
diluent oil and from about 10 wt. % to about 90 wt. %, preferably from about 10 wt. % to

about 50 wt. %, of the foregoing additive(s). Suitable diluents for the concentrates
include any inert difuent, preferably an oil of lubricating viscosity such as, for example, a
base oil as described hereinbelow, so that the concentrate may be readily mixed with
lubricating oils to prepare lubricating oil compositions. Suitable ubricating 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-aipha-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-butylphenol, 2,6-di-tert-butyi-p-cresol and 2,5-di-tert-butyl-4-
{2-octyl-3-propancic) phenol; sulfur-containing materials, e.g., sulfurized olefins or esters

and the ke and mixtures thereof,
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include any inert diluent, preferably an oil of lubricating viscosity such as,
for example, a base oil as described hereinbelow, so that the concentrate
be readily mixed with lubricating oils to prepare lubricating olil

?‘ﬁ%‘gﬁf&?ﬁs Suitable lubricating oils that may be used aspd?ﬁéﬁ%gﬂé’ﬁ?ﬁm“

be any oil of lubricating viscosity. Examples of antioxidants include, but

are not limited to, amine types, e.g., diphenylamine,

phenyl-alpha-napthyl-amine, N,N-di(allcylphenyl) amines; and alkylated

phenylene-diamines; phenolics such as, for example, BHT, sterically

hindered alk henols such as i-tert-butylphenol,
s T e R “BE%?F‘ZW E5e4sh-Efopancic)

r-G rlzed olefins.or esters and
E?he |8(leﬂ§ %n% f%&]rtgé% ereo%{%[ﬁé\%\%smgb 39%% 5%‘??&?58&%%&%75
& es.of-antiwesr.a08pts: ipclude.Dut Atepetlimited 1o..zine
diallcyldithiophosphates and zinc diaryldithiophosphates, e.g., those

reseribeddnrannas icledny Bomsyet ald editfediiRelatignship hetyeen:
Chemical Structure and. Effectiveness of Some Metallic Dialkyl- and
I Diaryldithieghosplsatespiruiiff eréndricabicic Steehbdech anismg ', 9appearing
in Lubrication Science 4-2 January 1992, see for example pages 97-100;
ARPhospiTates BharpHosshixaes asdifbrebhitsininfestetsiniphesptiosulfur
com ounds, metal or ash-free dithiocarbamates, xanthates, allcgésulfides

EPRoSTRIvE SoPeP AR Re Bh et aok- sty Reebraste Gentadelalte] Bfidse

gtér ited t Qverbaied éneutral detergents such as sulfonate
248t rél a[gn r’émf’ﬁ%s Y Hi&de from allcyl benzene and fuming sulfuric

gﬁ'g @}%&%&9&@5&@@/&&9@%@96%% pihangls NoboNerRased

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 1o about 30 and preferably from abowt 10 to about 253,
Low overbased metal sulfonates and neutral metal sulfonates are well known in the art.
Examples of rust inhibitors include, but ere not Hmited to, nonionic
polyoxyalkylene agents, e.g., polyoxyethyiene 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 polyethyiene 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; pariial esters thereof and
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stearates, phenolates, salicylates, phosphonates, thiophosphonates, ionic
surfactants and the like and mixtures thereof Low overbased metal

sulfonates typically have a total base number (TBN) of from about O to -
VBT At HAd preferably from about 10 to about 25. Low overBAEEE s

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,
I&%%oxyet lene octylphenyl ether, polyoxyethylene octyl stearyl ether,
B e SR S e R e

Relvoxvsthiviene serhitl.manopleate, and:palvethylene glycol

monooleate;. stearic acid and other fatty acids; dicarboxylic acids; metal

soapszfattyiacid amine.saltsaeialsaltsof-hesvi-sufonic.acid: pastialyy

carboxylic acid ester of polyhydric alcohol; phosphoric esters;
#shest-chain) slsenyksiecinie phidshpartiatesters dherenf anehel 2oWiRkd
2005/044962 PCT/US2004/035875 nitrogen-containing derivatives
Aierabicdyrithetivraicaris sonatés egdsnietal adihonideaghttraté reters,
sulfonates; and the like and mixtures thereof. Examples of friction
ratfiskecriel seeh bR bridenrbacoasalicrasida thin/Parmints; hbratsy.
tga(ftty e oxi%es; fatty phosphites, fatty epoxides, fatty amines, borated

EORyTAR Pt ARTIMES RATatet SRS G Rty el ety Al Bl ined
R T R B o

Sclosed In atent on whnich are

d@g@f@ﬂa@s@ye@farﬁ&s%ng%%%%% et obtaingd,rom. 2

reaction product of a C4 rably a C6 to C24, and most
Rreferrbbf ankbio:, exlxfaltyReig st AN R NHQURRIGANTAINGG Al No.

compound selected from the group
10/402,170, filed March 28, 2003, the contents of which are incorporated by reference
herein, and the like and mixtures thereof.
Examples of antifoaming agents include, but are not limited to, polymets of alkyl
methacrylate; polymers of dimethylsilicone and the like and nixtures thereof.
Examples of ashless dispersants include, but are not limited to, polyalkyiene
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., alkyliriazoles and

benzoiriazoles; copolymers which confain a carboxylate ester with one or more additional

polar function, including amine, amide, inine, imide, hydroxyl, carboxyl, and the like,
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consisting of annnonia, and an alkanolamine, e.g., those disclosed in U.S.
Serial No. 10/402,170, filed March 28, 2003, the contents of which are
incorporated by reference herein, and the like and mixtures thereof.

YL 2HNEE8F antifoaming agents include, but are not limited Y& TF6AfEP35875
of alkyl methacrylate; polymers of dimethylsilicone and the like and
mixtures thereof. Examples of ashless dispersants include, but are not
limited to, polyallcylene succinic anhydrides; non-nitrogen containing
derivatives of a polyalicylene succinic anhydride; a basic nitrogen
compound selected from the group consistir:’gtac;}‘il succinimides, carboxylic

S RGeS ARG O AR EIG A AT Ry8 BYFYp¥IpA#FRES, Mannich
h ides, thi ides and. phosphoramides; .
asgs. phesphpnoamides, ioghesphonamides and posphoramides,

thiazoles, e.g., Z,5- cap g-

’fﬂ@Eﬁ%‘a‘%@@@Z»?EH%@&Z81&%&%&@.Q.‘{%ﬁ)’eﬁ%&tﬁ{%?%i)sféaﬁé%%e% todeed

alkyltriazoles and benzotriazoles; copolymers which contain a carboxylate
s@stgzniym&w&@ipm@@m&@@iﬂik@é}@ﬁaﬁsv!%a‘m’s%%@s@n%mg%mg ing, amide,
inane, inside, hydroxyl, carboxyl, and the like, 13 WO 2005/044962
RCTAIBROM4IH3680m miuppisadipts piepaned hyicepelyrastization of long
chain alkyl acrylates or methacrylates with monomers of the above
Hokvetioferarglreniike and mixtures thereof. The derivatives of these
dispersants, e.g., borated dispersants such as berated suceinimides, may

also b tedgdprars tasiypemangiSaricantsoarcopispalRyfbtideas eomighmigeting
deriyed from animation of polyaikylene succinic anhydrides with
%@ﬁ'gewéﬁ SIBE@%WH ﬁ%ﬁnﬂﬂa@@%ya?tswo PG IRPEASIRG RS AF Idastiote
a%%ggta%i!:&ps oagcl:ggusctt% eL%Pag?géicri"e%ng of proposed compounds for use in the
contpositions (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 ?ooﬂy in an
oxidation inhibition process due to a poor ability to trap intermediate peroxides. This can
be carried out using knows 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
compound test libraries 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 compounds and/or compound treatment conditions and/or reaction

14



oil additive to provide the compositions herein, as discussed hereinbelow,

it can be advantageous to conduct molecular modeling of proposed

compounds for use in the compositions (i.e., formulations) to determine
Wihig#beéthtfounds may provide potential leading candidate BOFAERSIt13&§875

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

OISBEPLshI R S AT RB e AftRe sErEdde 45 N4 Ranfiere Atredtinitvasing

mown software such as, for example, Quantum Mechanics available
R V&Y tts*ﬁé%6?%%%%%&&%%%@%%@@0&
{Brari %%%Q used to design the original_compound test libraries based
%n inpgut rom t%él%?lelggi%ﬁf Ae%éper?r%oer?{g} Drogramisy: ﬁ?i%a%gﬁw}é?gnz%ﬁ“
heusedhtaiefficiently design test libraries that cover the desired
experimental space and utilize statistical experimental design methods.

Other sadtweare scah PIBR beousesk K&@E&ﬂ%%@fﬁé@é{%‘s&@&m& As more

experiments and correlate that data with the structure of the compounds
Grrdioradompd uing @Ak Rent ganditiornsenoéansesetipn b\l oping
2005/044962 PCT/US2004/035875 conditions. Such correlations are
SHERFede ffegiesas D SnResuiwelrd Qv fmtiadie Stivdiaredptivitys. For
Relations) available from Accelrys (San Diego, California). Such QSAR
misccrPeRds e tsbEabirtHe Sommisretindesgausipitiaatoll
compound test. lib ar'%s for ftirther screening. The use of such QSAR

PrORTARTE AR SR R e SISO Lt SR Ry ey way of for

example, 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
stored in a 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 utitized to 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, a system 100 is shown for preparing a plurality of test
samples. Vessel 110 contains a supply of the foregoing base oils of hubricating viscosity
B. Vessel 120 contains a supply of additive A, which can be any of the foregoing
additives useful for modifying the properties of the base oil so as to provide a Jubricating
oil composition suitable for the intended use or application. As one skilled in the art

would readily appreciate, one or more of vessels 110 and vessels 120 can be used when
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data is collected, these QSAR programs can become more efficient at
developing compounds libraries with increased probability for finding

Wdesir@ble compounds. For example, the compounds analyzed can be
B3 AtEY o various lubricating oil compositions, as dechib&d’32004/035875

hereinbelow, and then further analyzed by way of, for example,
regression and analysis technologies, using known software, e.g.,
C2-QSAR available from Accelrys (San Diego, California). In this manner,
validation of the data obtained from the molecular modeling can be

asluinyeda0d then s dels ap gleodie, storednia fate collector. In this

way, new compounds, conceived by one s [ “art can be checked

by ther@pAR saftwate fopred 'ﬁr%{n‘?&ﬂ%%%r{ﬂé fodthairagtual 1 porion

synthesis. Additionally, such software tools may be utilized to prioritize a

list 6bpossiblei: canpouadsbeing eensiderediorsynthesis in.such-amay
that one skilled in the art will have a higher probability for success.
Referdny nbeto ¢l Gsneedystembitds showniferpreparng.aipiurality of
test samples. Vessel 110 contains a supply of the foregoing base oils of
CRIBFiEAtFRLRESSity B. Vessel 120 contains a supply of additive A, which
can be any of the foregoing, additives useful for modifying the properties
of the%%i’é%%}i%la% P OGS RiprPreaRiGa en ‘brivpiattichadditiveld for
1ﬁt[‘tgzezlientg‘r_l}doedl;71,$efror a %.Ii ation. As one skilled in the art would readily
Appreciate” ofe O MSTE Bt S SIPRD T8 SIEAB ShFP 1Eva et

o ) 2 T/WU$2004/035875 dispensing more than
ptaRista i I L AR

WiafoRamsnTEa e IR RRsE LB i nprrieROion 13- frem which it can

be dispensed into a selected test reservoir, as described below.
automatically metering predetermined amounts of materials in accordance with a

preselected program conirol are known in the art and can be used herein.

Nozzles 113 and 123 ars preferably in close proximity so that base oil B and
additive A can be simultaneously dispensed in a test reservoir. Altemnatively, 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 syrings needles.

The vessels 110 and 120 can be under pressure. Optionally, more than two
vessels can be employed. Metering pumps suitable for use in the invention are lenown
and commercially available. In the event that highly viscous Iubricant base stock or
additives are used, the vessels 110 and 120 and/or the tubular lines 111 and 121, metering
pumps 112 and 122, and/or nozzles 113 and 123 can be heated to facilitate fluid flow
therethrough.

The test frame 130 includes a block 131 of inert material {e.g., glass, ceramic,

metal) having a plurality of recesses 132 for receiving the dispensed base oil and
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The amount oPhase oil dispensed is determined by metering pump 112,
which can be computer controlled. Tubular line 121 is a conduit for
Wco;nguﬂgazting Iubripating oil additive A to noz_zle portion 1.23 from which
i A DE dslspensed into a selected test reservoir, as descrl%%y%séf%?\ﬁgg‘%h
The amount of base oil 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 program control are known in the art and

: d herein. Nozzles 113 and 123 are preferably in close proximity
aﬁ@irt] e%.uﬁg ée% t I agl TX

|
So that base oil B and_ additive A can be Simultanebusy HispekEEdin a

1BSL48Se ROl Aliematively hase gil By @&ﬂgaogfnﬂ j¥e, 2 Gan.be sequentially

added to the test reservoir. The nozzles 11 123 can‘comprise a

typutiichanpelpipeiteerone:oLaaewIngs Reedles stheyessels 410,and

120 can be under pressure. Optionally, more than two vessels can be
apoiploy@dtidelering pumps-stitablesforidse indhedavention:aradsnown

and commercially available. In the event that highly viscous lubricant base
nuekbyPandithesiareaisddsitervessel s kG ahd T20afidiosthedihilar

lines 111 and 121, metering pumps 112 and 122, and/or nozzles 113 and
TSEE b hedtetP 16 htifitdfe flurg HowralserstiiGugha et frbreer80s

includes a block 131 of inert material (e.g., glass, ceramic, metal) having

BT 1o  SOGRPED T HALGAG R SR EeH AP RFEIGO
SR ECTSEOSSE s T e o
shown), e.g., glass or metal such as aluminum, can be inserted into recesses 132z, 132hb,
132¢, 1324, 132e prior to depositing the lubricating il components.

The mdividual reservoirs are adapted to hold relatively small amounts of
iubricating oil samples. The sample size in each reservoir can be no more than about 20
ml, preferably no more than about 15 ml, more preferably no more than about 10 ml and
vet 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
within the purview of the invention, robotic mechanisms with programmable movement
are preferred. In one embodiment the test frame 130 is mounted upon a slidable carriage
movable in a lateral and/or vertical direction so as to sequentially position a selected
recess under the dispensing nozzles 113 and 123. In another embodiment, the nozzles

113 and 123, and optionally the vessels 110 and 120, are slidably movable laterally

and/or vertically to accomplish positioning of the nozzies 112 and 123.
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lubricating oil 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
WRRUFIH ¥ 8ceptacles (e.g., test tubes) mounted upon a radiCTHSTMHGES TS
being recesses in a block. While five reservoirs, i.e., recesses 132a,
132b, 132c, 132d, 132e, are illustrated in FIG. 1, any number of reservoirs
can be employed. For example, a 10x10 array off reservoirs would
accommodate 100 different lubricating oil formulation samples. It is also
contemplated. that liners (not _shown), e.g., glass or metal such as
alumirtif = CERE BB e AR r@@e%@é&%%ﬁ]i@izmt@@zéﬁf@?@}@ww
]parsigglt ag?%) 1ittiin% éhe Iubsrtiicgltin il compone ts. The‘ind;ividual reservoirs
o' hofd FETREVETy Small Ahants BreTiBRcAihG Bir shipiadat

are adapte

Fhe.samnle.sizein, %ﬂ&'?f?%%‘;ﬁ’&iﬁi%&h%o@% mare thlaa”. about. %eégs'g 1322,

preferably no more than about 15 ml, more preferably ho more than abou

A mkandnyehmera fRrefetably na:-mare.than.aboutn:o) AThe gﬁzﬁh&%@ﬁsbf

130 and dispensing nozzles 113 and 123 are movable relative to one

@nsthed Adhetgh anUBdeyemephofike appaiatus by aneayipment
operator is within the purview of the invention, robotic mechanisms with
jepogtzmmh tble meliement vetk thereferredsin e endbbdimentdhetasts of
frame 130 is mounted upon a slidable carriage movable in a lateral and/or
Riitivar offcaobrebob s sepneadi i goporsivats wide leptettivanosd sahddrle of
the dispensing nozzles 113 and 123. In another embodiment, the nozzles

PSRRI ANk ErO PR Bl kessd BRonany S De T estieningy
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113 and 123 are sequentially aligned with the successive recesses 132¢, 1324, 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
example, by agitation of the frame 131, static mixing, individual stirring of the contents
of the reservoirs (mechanical or magnetic stirring) or by bubbling the reservoir with 2
gas, €.g., nitrogen.

Optionaily, base oil B and additive(s) A can be combined prior to dispenéing into
the respective reservoirs. For example, a single dispensing nozzle having a mixing
chamber can be used, wherein base oil B and additive(s) A are metered into the mixing
chamber and then dispensed through the nozzle into the reservoir,

Referring now to FIG. 2, a system 200 for combining and dispensing a Tubricating
oil composition is schematically illustrated which employs a single nozzle assembly 210
having an elongated injector portion 211 and a mixing chamber 212. The end of injector

portion 211 includes an opening 216 through which the lubricating oil composition is
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Ina testing procedure, vessels 110 and 120 are filled with the selected
lubricant base oil and additive(s), respectively. The apparatus of system
W Ogﬂ(i)%m‘%vgd such that dispensing nozzles 113 and 123 are(tpo§itioned_
ahove and fn alignment with recess 132a. A metered amouht G544/ B8 7s
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
%&2%9 mlge%}g%gggegle of variation such that the lubricating oil in recess

as a diferent perlga%rfggé composition of additive than that in

recesg 132a:(18 PAIRIA iSeRe3ies a8 e s %%L?c% 5%1%1:%21 i %2%9%%615 201

sequentially aligned with the successive recesses 132¢, 1
280 thateaely reeessas apredetenminad COMRESIHON OLUDICAINGQ.rin,
The components A and B are preferably combined in the reservoirs by
appixinigs R8P exbmipleybyaditatien Ol thedtamer 48 usiatic Mbagdditive A2
individual stirring of the contents of the reservoirs (mechanical or
tiriphateistite Ag) ortby B0 sbiingeheiregehaitaiti 2 gasoe: gkiihitragen art
Optionally, base oil B and additive(s) A can be combined prior to
VERSSERETY fRRSCHHE r SEPle e ek eiiibivs cromenatisplel ansidgheare shown, it
iIspensing nozzle having a mixing . chamber can be used, wherein base
IV RPN O A B R P& TG Enar e el ginered

il h le into.th ' ' FIG. 2,
D T o P S Tt B A S2R b i
aa@m@ig%%w&%@@%ﬂm@ﬁ{élﬂ'?é/éﬁﬂ%&%%%%éﬁ@gg mply 210

having an elongated injector portion 211 and a mixin amber 212. The
nelbg b iaieciariRAH aPoAhl ICHEESARIRPERING. 218 thraughwhich the g
lubricating oil composition is
253 for communicating control signals to the respective metering apparatus. Control

comnections 251, 252 and 253 can be, for example, electrical, optical, pneumatic, or
fludic. The control system 250 determines the composition of the lubricating oil in the
mixing chamber 212 by regulating the amounts of the respective Iubrication oil
components (i.e., base oil B, and additives A-1, A-2, etc.) metered into the nozzie
assembly 210,

Preferably the conduits 202, 204, and 206 are terminated with one way valves
207, 208, and 209, respectively, to prevent backflow of the mixing chamber contents in
the event that pressure in the mixing chamber 212 exceeds the pressure in the conduits.

The lubricating oif components can be mixed together by various means. For
example, mixing unit 213 can be a rotary impeller, or, more preferably, an ultrasonic
probe. Optionally, baffles 215 can be incorporated into nozzle assembly 210 for static

mixing of the components as they flow through the nozzle assembly.
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18 WO 2005/044962 PCT/US2004/035875 ejected into the selected test

reservoir. A conduit 202 conveys a quantity of base oil B through a

metering apparatus 201 and into mixing chamber 212. Conduit 204 i
V%%ﬁ%ggg“ﬁ &t additive A-1 through metering apparatus 203 &5 ihtdoR%HE>

chamber 212. Conduit 206 carries a second additive A-2 through

metering apparatus 205 and into mixing chamber 212. As one skilled in

the art would readily appreciate, while only two additive components A-1

and A-2 are shown, it should be understood that any number of different

s o e Ol e e o o rkl i T,

metering apparatus

Dusontielaxsien 280 nhich preferanliincludes . migroprgesssor ui

the appropriate programming and control connéctions

do1 6RRRUBICALNG-CoRlTalSignals J0-he;respective Mmetering ApRAIAILS. 1.

Control connections 251, 252 and 253 can be, for example, electrical,

epticakqideunatie mdtuiisiokbe conteok sysiem 25 9RIeIMines thed can be
composition of the lubricating oil in the mixing chamber 212 by regulating
uhrsl anfroarrsyafethef s peative? ibrication dik campaaentsfies, (Bage 0k B),
and additives A-1, A-2, etc.) metered into the nozzle assembly 210.

th sravkiiy B8O diifs. ZoReBaing nr2G6 a8 tarith 26T Witmore gvagmber
valves 207, 208, and 209, respectively, to prevent backflow of the mixing
%ﬁaﬁ%jﬁgﬁf@ﬁﬁ?fﬁ%@“&ﬁn&hﬁ? ssure in the mixing chamber 212

ceeds the presspre in the conduits, The lubricating oil components can
be minds %Sa%ﬁ?%? {}ylev%lﬁ%%%%%%%?&%ﬁaaiﬁrﬂjﬁ@ HguRiEsTPagion

A8 %{%r&%%!@ﬁpﬂgngﬁ@s@g E'reg%bal ér’lsgulflet(;%%?c%ig such as compressed gas.
As mentioned above, one-way valves 207, 208, and 209 prevent backflow of the contents
mto the conduits 202, 204, and 206 if the pressure within the mixing chamber 212
exceeds the pressure within the conduits. Alternatively, the lubricant base oil and
additive sources B, A-1 and A-2 can be pressurized aud/or the metering apparatus 201,
203 and 205 can provide pumping pressure to move the materials through the system.
The procedure described above provides an array of samples of varying
compositions which can be compiled in 2 data collector, e.g., microprocessor, to provide
a combinatorial lubricating oil composition library. The array of samples can then be
screened with respect to selected properties and categorized in the combinatorial
tubricating oil composition library. For example, the plurality of different Inbricating oil
compositions can be subjected to further automated or manual screening tests, 8.8,
storage stability tests, oxidation tests, wear tests, etc., for information correlating to the
actual useful properties of the compositions to determine their officacy. The results of

each of the tests can then be compiled in the database as stated above to provide the
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probe. Optionally, baffles 215 can be incorporated into nozzle assembly
210 for static mixing of the components as they flow through the nozzle
assembly. 19 WO 2005/044962 PCT/US2004/035875 In the event that
iyt 4t8e6%tty components are being mixed, a heating unit sBER BEGHEEs75
resistance heater 218 can be used to raise the temperature of the
components and thereby lower their viscosity to improve fluid flow.
Heating units can alternatively be convection units hot air blowers),
radiant coils, or conduction heaters, and can be used to heat any part of
the.system_200.including the component supplies (B, A-1, A-2), the
& %ﬁ*ﬁt&l& AR5 98 TRB RS Ri Bppa ettt Dosysas aKee
ortion 211 (as shown). The

xing chamber 212, and/or the inject
e SRS by S I 0B 0RAR64 rrvnon mesaaepovtn

contents o € mixing

R Toexamis: ARRMN0BIRSEUE IO 8 PiessIs sauice b such as

compressed gas. As mentioned above, one-way va
209 preyentbackiiow @Bﬁﬁﬁ;x&%t@&t%iﬂa@ﬂgﬁ&%g%? &PZorp 00200,
if the pressure within the mixing chamber 212 exceeds the pressure
within Wislednditse Aterpativelyxties hricapthase Qilane ANditNGId not be
sources B, A-1 and A-2 can be pressurized and/or the metering apparatus
2osrup03sdng 205 cahty ovidsipurhpingpiesswretaiifiovéotie Maarals
through the system. The procedure described above provides an array of
Lapadiesst Baronig Thewn pebrfoidhnme i Bhentisico mpite dthereatdiments

C! Ilecé%r, e.g., microprocessor, to provide a combinatorial lubricating oil
R DRI BRI Gy S AD S e R e Feemsa T
respect to selected properties and categorized in the combinatorial
lubricating oil composition library. For example, the plurality of different

lubricating ol
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compositions can be subjected to further automated or manual screening
tests, e.g., storage stability tests, oxidation tests, wear tests, etc., for
information correlating to the actual useful properties of the compositions
to determine their efficacy. The results of each of the tests can then be
compiled in the database as stated above to provide the 20 WO

WI@Q%@&% BTéUSZOO4/035875 combinatorial lubricating oil
"C‘O‘mmmvn%gﬁ'Altematively, the system maybe electrically
connec ' C C Hsin ompute .
it PR e ol

cofgg,%{g jous tests over an extended period of time to compile the
combinatorial lubricating oil composition library. While the above

deseriptan.contans.mamaResics: ase.eprelics shaulfhiel

1 TR ??i% .Viscos%’zy
construed as limitations of the invention, but merely as exemplifications o

andpsefesseshembadiments therenf «J hoseskilledn thesanwill enyision many.

other embodiments within the scope and spirit of the invention as defined

basbyihef tlaimarpReaderhhere e |k \WMHATLIR GhA M ERH S i e on

for preparing a plurality of different lubricant oil formulations comprising:

to fahnondtisingimolessiasmaneling-ofal easianabase ailipfluhiicating
viscosity and at least one lubricating oil additive to provide leading

candivatesiofiine:addepsicone daselol phitbricatingMiscosiuandiabiRaghe
one lubricating oil additive for combination to formulate a leading

oil camghitkitieds boicating oi oeiopasition: of FERALYRNdANGOREITNG WikRiating
program control, a plurality of leading candidate lubricating

viscosity candidate and a minor amount of at ieast one leading lubricating oil additive

candidate in varying percentages in a plurality of test reservoirs.

2. The method of claim [, wherein the test reservoirs comprise recesses in a

unitary body.

3. The method of claim 1, wherein the test reservoirs comprise individual

receptacies.

4. The method of claim 1, wherein the containing step comprises combining,
under program control, the major amount of the at least one leading base oil of

lubricating viscosity candidate and the minor amount of the at least one leading

lubricating oil additive candidate within each respective test reservoir.



oil compositions comprising a major amount of at least one leading base
oil of lubricating viscosity candidate and a minor amount of at least one
leading lubricating oil additive candidate in varying percentages in a
plurality of test reservoirs. 2. The method of claim 1, whcrein the test
reservoirs comprise recesses in a unitary body. 3. The method of claim 1,

whegein.the test reservoirs, comprise.individual receptacles, 4. The, . |
metfiod B S O AR | RS IR Ao U TR F e s ne

an RS BUSEIBIR SRSk 11 aioL ppunof e at s one loadng base

; 0
oil of ricating viscosi candlél}ate and thé minor amo east

xubgesak?ggmsigbémi@ﬁe% g%g{'}?{&&%%id@é?%f% hin qach res &%HXS test

reservoir. 22 5. The metho aim 1, wherein the containing step”

bFRIPRHSEFL8MbINING:; WIderRIGaraM conirol, Ihe major amount of the at

least one leading base oil of lubricating viscosity candidate and the minor
amount of the at least one leading lubricating oil additive candidate
outside of the test reservoirs. 6. The method of claim 1, wherein the

ConRining SeRRUINBIARS MetsungmRredetermingd s espective amoynts of

the at least one leading base oil of lubricating viscosity candidate and the

preaticashone-ipacing deirisalino:pil adsitvencangidaie.taerelgHngheing
automatically controlled by a computer controller. 7. The method of claim

visdgsithereifidine sahthiningstemineldios mikesiak teadaior amexntokibe
at least one leading base oil of lubricating viscosity candidate and the

meteringrtamguntofdtieatly leastoird agngnivldcatingonitadditive candidate.

7. The method of claim 1, wherein the containing step includes mixing of the
major amount of the at least one leading base oil of lubricating viscosity candidate and
the minor amount of the at least one leading Iubricating oil additive candidate,

8. The method of claim 7, wherein the mixing is accomplished by static mixing.

9. The method of claim 7, wherein the mixing is accomplished by agitation.

10. The method of claim 9, wherein the agitation comprises mechanical stirring.

11. The method of claim 9, wherein the agitation comprises ultrasonic agitation.

12, The method of claim 1, further comprising the step of heating the at least one

leading base oil of lubricating viscosity candidate or the at least one leading lubricating

oil additive candidate or both.
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8. The method of claim 7, wherein the mixing is accomplished by static
mixing. 9. The method of claim 7, wherein the mixing is accomplished by
agitation. 10. The method of claim 9, wherein the agitation comprises
mechanical stirring. 11. The method of claim 9, wherein the agitation
comprises ultrasonic agitation. 12. The method of claim 1, further
comprising the step of heating the at least one leading base oil of
lubricating viscosity candidate or the at least one leading Iubricating oil

add tLVGI% gfr(.l?gll? Oﬁgule%eggqge a? cas of C{alglél%ggggg In ?D Cbaijing

least one |ng ase ol rlcatlng VISCOSI y can elsa natu

@é%hé‘atlfdﬁﬁté“’g T‘}’E“%%b?ﬁg %eg glgnll wherein the at least one leading
i

lubricating oil additive candidate Is selected from the group consisting of
antioxidants, anti-wear agents, detergents, rust inhibitors, dehazing
agents, demulsifying agents, metal deactivating agents, friction modifiers,

POUr ROIMH-A8RIREEANS: ANTITRARING AYENTS . SASONMERLS, RASKALS. oil

compatibilisers, corrosion-inhibitors, ashlers dispersants, dyes extreme

addRECSSHFi RECRIS AR MbIMras heiplodasdiiedmeinod e elaiMilvear agents,

wherein the plurality of leading candidate Iubrlcatlng oil compositions

derdngluticn.af iigaslbve campligsclfisTherrined of clail dewhereinihe o

plurality of leading candidate lubricating oil compositions includes at least

agef@0isamplesod Refthpomeibiaddebaiaimd, whetainieachatihe leading
candidate lubricating oil composition samples has a volume of no more

pactbagn ahopit20lsdrs] Borfdsomathiodet claine sk, ddpereintgath Ot ihedeasigure
candidate lubricating oll

agents and mixtures thereof.

I5. The method of claim i, wherein the plurality of leading candidate lubricating

oil compositions includes at least five samples.

16. The method of claim 1, wherein the plurality of leading candidate lubricating

oil compositions includes at least 100 samples.

17. The method of claim 1, wherein each of the leading candidate lubricating oil

composition samples has a volume of no more than about 20 ml.

18. The method of claim 1, wherein each of the leading candidate lubricating oil

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

19. The method of claim 1, wherein each of the leading candidate lubricating oil

composition samples has a volume of no more than about 10 mi.
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composition samples has a volume of no more than about 15 ml. 19. The
method of claim 1, wherein each of the leading candidate lubricating oil
composition samples has a volume of no more than about 10 ml. 24 20.
The method of claim 1, wherein each of the leading candidate lubricating
oil composition samples has a volume of no more than about 5 ml. 21.
The method of claim 1, further comprising analyzing the plurality of
leading candidate lubricating oil compositions. 22. The method of claim 1,
further comprising storing information regarding the identity of the leading

caneli icat jl.co itions_in the. plurality of combinations of .

g e B A P

confppprepaingaspiasalivplofebfioamoit fbamakxtiodsniinder program
control, which comprises: a) a supply of at least one base oil of lubricating
viscosity; b) a supply of at least one lubricating oil additive; c) a pIuraIity~
of t@dt réderstecd wlams Hrévhoetmismoleeliangmbdalinpbfthéleatding

cantBask oS- RasEQll Rl PIiGatNg viscosity and the at least one lubricating
oil additive to provide leading candidates of the at least one base oil of

lubricating viscosity and at least one lubricating o_iI at;lditivg for N
coninatiendaifearatiaienlleaing @@?ﬂﬁﬁéﬂglﬁeﬂggtiﬂﬂjﬁ?!]a%m@gﬁm& the
.. _far testing; e). means_for comhining selected quantities of the major
dero attgsgfl%atqglgs‘fa(?ﬁéga@g}g(sﬁﬁ%%ogiFSWHB?’%BQﬁﬁS‘\?Eda‘é‘ﬁ%l‘é?éﬁﬁidate
combittaselsciébgliapitied @fithebmuadhg oil compositions in a database.

23. A system for preparing a plurality of lubricant oil formulations, under
program control, which comprises:

a} a supply of at least one base oil of lubricating viscosity;

b) a suppiy of at least one lubricating oil additive;

¢) a plurality of test reservoirs;

d) means for conducting molecular modeling of the at least one base oil of
lubricating viscosity and the at least one lubricating oil additive to provide leading
candidates of the at ieast one base oil of lubricating viscosity and at least one lubricating
oil additive for combination to formulate a leading candidate lubricating oil composition
for testing;

e) means for combining selected quantities of the major amount of at least one
ieading base oil of lubricating viscosity candidate with selected quantities of the minor
amount of the at least one leading lubricating oil additive candidate to form a piurality of
leading candidate lubricating oil composition samples; and

f) means for dispensing each leading candidate lubricating oil composition sample

in a respective test reservoir.

24. The system of claim 23, wherein the at least one leading base oi} of

lubricating viscosity candidate is a natural or synthetic oil.
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amount of the at least one leading lubricating oil additive candidate to form
a plurality of leading candidate lubricating oil composition samples; and f)
means for dispensing each leading candidate lubricating oil composition
sample in a respective test reservoir. 24. The system of claim 23, wherein
the at least one leading base oil of lubricating viscosity candidate is a
natural or synthetic oil. 25 25. The system of claim 23, wherein the at least
one leading lubricating oil additive candidate is selected from the group
consisting of antioxidants, anti-wear agents, detergents, rust inhibitors,

dehazing, agents, demulsifydng.agents, metal deactivating agents, friction
ocert S S ik s e S e ST 6 Mpee on

adctﬁa'wagaitbmmas&ﬂﬂtsedﬁmm@nwpbﬂaii@ﬁn@ah&ﬁ&sﬁii&ﬂﬁé?@ﬁﬁiswgé‘@@gents,
detEiLeme te agents and mixtures ther, fof626. The system of claim
R o o e A R SRt TR Bty 2%
22°THe %Vél@mﬂ@ﬂﬁ@im P3phevedartivestest reséfvoins capeptisecasplusality of
padRMEbiB IRGRRIACIeS- S AN YRIRI O Rl 23, LDy OmpSng B,
computer controller for automatically’controlling'said means for compiritg
2ERPRYEERSHSE dispsising. 29. The system of claim 23, wherein said
means for dispensing and said plurality of test reservoirs are movable
relative to each other. 30. The system of claim 23, further comprising a

compute e ShEFeMeef Aiskeriy Veispardiirsteer Terstaning cotocteresaritios:
unigf-thebay least one leading base oil of

27. The system of claim 23, wherein the test reservoirs comprise a plurality of

individual receptacles.

28. The system of claim 23, further comprising a computer controller for

automatically controlling said means for combining and means for dispensing.

29. The system of claim 23, wherein said means for dispensing and said plurality

of test reservoirs are movable relative to each other.

30. The system of claim 23, further comprising a computer controlied metering
apparatus for metering selected quantities of the at least one leading base oil of
lubricating viscosity candidate and the at least one leading lubricating oil additive
candidate for combining to provide the leading candidate lubricating oil composition

samples.

31. The system of claim 23, wherein the means for cornbining comprises a mixer.
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lubricating viscosity candidate and the at least one leading lubricating oil
additive candidate for combining to provide the leading candidate
lubricating oil composition samples. 11. The system of claim 23, wherein
the means for combining comprises a mixer. 26 32. The system of claim
31, wherein the mixer is a baffle-containing static mixer. 33. The system
of claim 31, wherein the mixer is a mechanical stirrer. 34. The system of
claim 31, wherein the mixer is an ultrasonic mixer. 35. The system of
claim 23, further comprising a heater. 36. The system of claim 23, wherein
the means for dispensing includes a mixing chamber and a nozzle

ext | in ber 18 nozzle term atln in an outlet .
op%gq%roug%%%ﬁ% f#;gw ﬁléelgg;lgﬁ‘a)ferlﬁ rl%a “oi %baﬁ%ib%sf%m XL
samples are rejected. 37. The system of claim 36, further including
means to pressurize the mixing chamber to eject the leading candidate

lubrigating. Qi GAMBOSILRR $AMRISSHZ e mixer is a mechanical stirrer,

34. The system of claim 31, wherein the mixer is an ultrasonic mixer.

L2
ny

. The system of claim 23, further comprising a heater.

36. The system of claim 23, wherein the means for dispensing includes a mixing
chamber and a nozzle extending from the mixing chamber, the nozzle terminating in an
outlet opening through which the leading candidate lubricant oil composition samples are

rejected.

37. The system of claim 36, further including means to pressurize the mixing

chamber 10 eject the leading candidate Jubricating oil composition samples.
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