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technology have empowered chemists and engineers to rapidly produce large libraries of
discrete ro‘rganic 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 evaluating or screening libraries for desirable properties.
Presently, research in the lubricant industry involves individually forming
candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate composition require manual
operation. This, in turn, significantly reduces the number of compositions that can be

tested and identified as leading lubricating oil compositions.
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decrease the amount of phosphorous and sulfur in lubricating 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 sulfur content engine oils. In order to
accomplish 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 example,

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

refrigeration lubricants and the like.
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invention a method for preparing a plurality of different lubricant oil formulations is
provided comprising the steps of (a) providing a major amount of (i) at least one base oil
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 oil composition
samples; and, (d) containing each of the different lubricating oil composition samples in

the plurality of test reservoirs.
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and analyzed In general varying quantities of at
Various embodiments are described below with reference to the drawings

wherein:
FIG. 1 is a schematic diagram of a system for preparing a plurality of different
lubricating oil compositions; and,

FIG. 2 is a schematic illustration of a dispensing system of the invention.

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 shall be
understood to mean that a relatively large number of different lubricating oil
compositions can be rapidly prepared and analyzed. In general, varying quantities of at

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



| east one base oil of lubricating viscosity and at
| east one lubricating oil additive areintroduced in
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e expression "base ol as use erel n shal
d&w@erstood to nean a base stock or blend of base
stocks which is a lubricant conponent that is produced
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any and all such applications, e.g., engine oils,
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optionally contain viscosity index inprovers, e.dg.,
base stocks which is a lubricant component that is produced by a single manufacturer to
the same specifications (independent of feed source or manufacturer's location); that
meets the same manufacturer's specification; and that is identified by a unique formula,
product identification number, or both. The base oil 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 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
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thereof. As oneskilled in the art would readily
appreci ate, the viscosity of the base oil is dependent
upon the application. Accordingly, the viscosity of a
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cont am nation, or previous use. The base oil of the
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any natural or synthetic |ubricating base oi
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monoxi de and hydr ogen gases such as In a
estetifiBRIon T ARIPS FlRinR 0 FRSSine& Rbck 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 1-olefins to provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures
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 any, heavy fraction; e.g., little,

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



exanpl e, a suitable base oil is one that conprises
little, if any, heavy fraction; e.g., little, if any,
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Useful synthetic lubricating oils include, but are not limited to, hydrocarbon oils
and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes), 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.



terphenyl s, al kyl ated pol yphenyls, and the I|ike;

al kyl at ed di phenyl ethers and al kyl ated di phenyl
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t hereof and the like. O her useful synthetic

| ubricating oils include, but are not Iimted to, oils

made by pol ynerizing olefins of |ess than 5 carbon

atons such as ethyl ene, propylene, butylenes,

i sobut ene, pentene, and m xtures thereof. Methods of

preparing such polyner oils are well known to those
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pol yners (e.g., nethyl poly propyl ene glycol ether
e

ing an average nol ecul ar wei ght of 1,000, diphenyl
et her of polyethylene glycaol having.a | ecul ar wei ght
of SHRPAGEHESS of %@ﬁffyn@%eﬂ@ ﬁu g %g% %ﬁ%eh@ 2t w&nn% to,
havi ng a nol ecul ar wei ght of 1,000-1,500, etc.) or
allgsBens-oxidecdobEnsrs dch bRgppdl yiagis cinterpohaneafangd derivaiiyes thereof
exanple, the acetic esters, mxed fatty acid esters,
wioare theder@inst bydrokyl gidups theve tofen netdifeedtblyy fo epangply cesterifivation or
anot her class of useful synthetic lubricating oils
ethenificutdlen, Thete citsareatentplificd B tHewils prepared tiedsgtopol ymerization of
di carboxylic acids e.g., phthalic acid, succinic acid,
et &l oxSUCH pRps16A6 bRle, the alkyl and phenyl ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1000,
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
C;-C; fatty acid esters, or the Cj3oxo 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 acid, alkyl succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,

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

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



al kenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebacic acid, fumaric acid, adipic acid,
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tetra-isopropyl silicate, tetra-(2-ethylhexyl)
pregapg, d)&@@erﬁfé%t@ladlpantﬁeémt%é‘semn)taeﬁythm@btaed the like.
tetra-(p-tert-butyl phenyl)silicate,
hex yiiliqon-hasedrgils-spehmsnfoo gyanatils ipolyabityé, polyaryl-, polyalkoxy- or
pol y(met hyl ) si | oxanes, pol y(nethyl phenyl)sil oxanes,
pobyadyléstyesiloxkue oilstand kiligge oild, kemptisefiothes ygefili etascof synthetic
| ubricating oils include, but are not limted to,

luBricgtihfloi®s tSpesifio ex M ed TN $nchile] Wit Ate bt AEitd8 to, Gstfhethyl
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silRhte 0REAMRDPRIPIBANRER) 'téfraﬁ(gle%yﬂfeg&l) silRAHe YRS\ £methyl-
t et rahydr of ufans and t he

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 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 tetrahydrofurans 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 source

(e.g., coal, shale, or tar sands bitumen) without further purification or treatment.
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oibotitaineskdiegstly filopyarhestesifiogom rrenesd) eachtaf edtigiuis itlrenowed without
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fuphopentmens . Réfvedeilp ure simidatio tre unexdinad gilesxcaptethésnioawe bean
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base extraction, filtration, percolation,
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by the sol vent dewaxing of mneral oils; synthetic
bewB¥d; sithdraldng Pir @t drybitidtien Weth the Sfdtessid nbiyirdl Ad/or synthetic base
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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 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 formulating lubricating oil compositions. The lubricating oil
additives for use herein include, but are not limited to, antioxidants, anti-wear agents,

detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,
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depressants, antifoam ng agents, co-solvents, package
co(:wﬁmtss pAckageecorpalilylisss, Garpsion-mhibifors, agddss disgersants, dyes,
di spersants, dyes, extreme pressure agents and the
exitiietue peaselrerpgenisrand thelalrecand miGuessshgeafi [dreaseqwill quinethe
addi tion of appropriate thickeners. A variety of the
additidintolf wgso@miate thivdvemerand vanemref tdicaldiyives/at kaddeandlhese
addi tives, or their anal ogous conpounds, can be
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| ubricating oil conpositions herein. Aternatively,
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'uent oi orman additive concentrate. These
conc ; . ) . .
R S R S R
to about 50 wt. % -of a diluent oil. an r ut wt .
rolg e B8l ot offenepbosBRy oRleth RSl SRt o
about . 50 . % of the foregain dditive(s). Suitable
Wik it o FasdosriEahbrime SR e Hheengboihap p. %.of
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dilygrttpilpnd frogp aboph AHIVE, %o b0 Broseobt- O Prefessbh e about 10 wi. % to
herei nbel ow, so that the concentrate may be readily
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conpositions. Suitable lubricating oils that may be
inclsédangysnalt dilent, preafanbllyen ailyf bibkicafng videositaduch gs, for example, a
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baB®bil hd d¥séreidd thereirb@ion, Go thap s cofce@trate may be readily mixed with
lubricating oils to prepare lubricating oil compositions. Suitable lubricating oils that may
be used as diluents can be any oil of lubricating viscosity.

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-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-

(2-octyl-3-propanoic) phenol; sulfur-containing materials, e.g., sulfurized olefins or esters

and the like and mixtures thereof.
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97-100; aryl phosphates and phosphites,
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netal or ash-freé dithiocarbanmates, xanthates, alkyl

e A S I T
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ents, “e. rom a

f.ymng sul furic acid, phenates (high overbased or |ow
anggg%@%sa@gﬁxﬁ?eﬁﬁﬁe&o rbased phenate stearates,

phenol at es, .salicyl ates, phosphopate
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detepganssatucly ahalionye defergents e, thossyerdefimmplkyt benzens aag duming

O to about 30 and preferably from about 10 to about
sulfric bady pheratésdbiztl overbasedsn ldvo perbasednbligh euerbaded phersite

sul fonates are well known in the art. Exanples of rust
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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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March 28, 2003, the contents of which are incorporated
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t hereof. Exanpl es of antifoanm ng agents include, but
hegairg andthellikeiané chittores fiekepfier s of al kyl net hacryl at e;

pol yners of drnethylsilicone and the |ike and m xtures

t heiBx@inples of antifoaming agents include, but are not limited to, polymers of alkyl
methacrylate; polymers of dimethylsilicone 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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limted to, polyal kyl ene succinic anhydri des;
wWomsni49sngen cont ai ni ng derivatives of a pol yRCRYSM0€035875
succi ni ¢ anhydride; a basic nitrogen conpound sel ected
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t hi ophosphonam des and phosphor am des; thiazol es,
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bor at ed di spersants such as borated succini m des, may

polBE/ 18R dasaehind™ ef erabl y, the dispersants are
polyalkylene succi nim des derived from ani mati on of

pol Mﬁh&}’ﬂeg r})ﬁf}? gnc&k&hgngﬁ@%g ¥e|a$ %?18 %sten)ﬂpa%d%?lek¥ lo%? Rubric ating

polyanlne _
Sk Wi o T

di scussed herelnb | ow, can be advant ageous to
A0UHHRRTELS WOBLH Ho Flpﬁﬁmafo BroRsa s e fhe

use i.n the conp05|t|ons (i.e., formulations) to
cogwpps{é ewkiremlations) duddiemies vhich gprpousds ey pgtvide potential

Ieadln%ﬁcandldape conposi tions. For exanple,
leasiananaandidpissompasititns. dar exasgplep aalcilatiwis\wam e sargéd detdiwleng

as, for exanple, transition states, bond | engths, bond
suelnfpciess, asglfop ekampte,nmntition 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
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
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deS|rabIe conpounds, For exanpl e, the conpounds
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oi | conpositions, as decribed herei nbel ow, and then
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and anal ysi s technol ogi es, using known software, e.g.,
ob@ineQSARn 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 utilized 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 lubricating 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 lubricating
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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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. 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.

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 known
and commercially available. In the event that highly viscous lubricant 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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or type of bﬁse oi | and/or additives in ea
Sh%‘%?%psgmg BghoLmptal Speh ¢S & Wa%ughéa%"sw%ﬂﬂntpéecgﬁﬁ@ﬁ h&ka, 132b,

onal |y, the reservoirs can be individua

]3?%665@d@?@§ﬂ@é0@%mﬂ%%whqMb@@#mﬁﬁdﬁpémOM@mm a rack,

i nstead of being recesses in a block. Wile five

r es dhy ddigdudl reservoire e adgsedlid2a]d 1EBEibely 5821 ambaad of

132e, are illustrated in FIG 1, any nunber of
luhﬁ%@lg/ﬂﬁl sanples. 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
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
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 nozzles 113 and 123.
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can be enployed. For exanple, a 10x10 array of

reservoirs woul d accommodate 100 different |ubricating
wo@Rloshorsul ati on sanples. It is al so contenpl aperiusival/035875

liners (not shown), e.g., glass or netal such as

al um num can be inserted into recesses 132a, 132b,

132c, 132d, 132e prior to depositing the lubricating

oi | conponents. The individual reservoirs are adapted

to hold relatively smal | amounts of [ubricating oi

sanpl es. The sanple size in each reservoir can be no

mor elntaEftingreeRedens, Yassels)tloraad 489 grefdlednyith the sgiecigsybricant

m, nore preferably no nore than about m and yet nore
base efl @apcy bcﬂcgumﬁs)nmwctlm Browpastugiof syRtem 1 @@ s nhovedwudabat

and di spensi ng nozzles 3 and 123 are novable rel ative
dispeneing narrishld B .andll 2hara ghsitiened aboveandrie aligrfiert éth recess 132a.

apparatus by an equi pnent operator is within the
A pistarb@ wmotdinttoli ®aderovied ki doametersd @iotnnefeldainive Meareisinfultaneously

progranmmabl e novenent are preferred. In one enbodi nment

ditfasddaisito thEcR 8373 Ohie SispRHdHoadz2 B0 Pandl 12d AR Bee il age
movable in a lateral and/or vertical direction so as

refn@slt%?ﬁél ebd Al :ahﬂémﬁeﬁt'v&l’th%e ﬁex? elc8& BIpLRE ﬁl%%é’f%g& bmbis of

di spensi ng nozzles 3 and 123. h anot her

I
adtdﬂgr rlh%@‘glf"é‘}%f'ﬁl gnagef é}'}i%ﬁn%e&lg.g %Fcialtn gz}t}‘lé preds e\I/‘r%JShSeS salegule of
t I 3
valioh S5h ol i 1865y T P PE e e %éﬁéfgpé‘fe Ec%ﬁ % 120
|1 |l ecte t b I d
coairipy ef &g twee@gb@fl%é?céss thhe Dt aem s Toray o Brmnogdes
i s moved such that dispensing nozzles 113 and 123 are
13sad 23 aeceatssbiallbalignpdwih therivesessivy reressescisds, [B3daandA32e
net ered anount of base oil B and a netered anount of

soghiatica¢hmgcess drsea wiedeitrnamsleosipysitios pElubechtingod. r ecess
132a. The di spensing nozzles 3 and 123 are thereafter

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 a
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 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 lubricating
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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repositioned to be in alignment with the next recess
132b and the netered anounts of additive A and/or base

wordosB4452 changed in accordance with a predet P€TUR®A4/035875
schedul e of variation such that the lubricating oil in
recess 132b has a different percentage conposition 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 predetern1ned

eiectiifiBloi the sflecisd st BSCRVAL] ng oil. The conponents A and B
are preferably conbined in the reservoirs by m xing,
for Zesendnit@02isgnveys & geangy ofibaseeil Brtmongll 8metesingepparatus 201
m xi ng, individual stirring of the contents of the

and gife mugingshimba?ani Cahduir2Odegmies b dirgaiditiverd) 1 through metering
bubbling the reservoir with a gas, e.g., nitrogen.

apPiohiue 063 hiyd inkemexinyg dhafBbanzi 2a dibintiiy 26 darAescidec®R] additive A-2
combi ned prior to dispensing into the respective

thio@SIe méRirng appRkitueXe8 Ml ento dnising ¢hankirINENAk RHe BOEL & the art
havi ng a m Xi ng chanber can be used, wherein base oil

wcﬁd@fé@d@? bR i ALEWIRLEHSE cbrﬁﬁ&fh chiie 7 Za]Mi D are shﬂwn, it

chanber” and t hen di spénsed t throu e nozzle into

sh&ﬁa %E\ﬁﬁaerstog%ﬂhg{ gﬂg I g%ﬁcﬁﬁfe:r%r C §{t1.ves é@ﬁ{eeu% %8&11 metered

conpos

schematic strated whic ys
ey foobihiy Y ohmwf R &§F§&3 FiepgpPetn
ort.i 211 a n1x ng chanber 212. The end of
suftiebitr e lrE o] Seaag THclopaTy BEEet ough
mhlch the |ubricating oil conposition is 18ejected
miciepEpcetiar with dha apgrapeiate premeErmeigrand Aowferigainecioms 251, 252 and
conveys a quantity of base oil B through a netering
253 pprapoatmapnic0ing senirol sigoalsrioxthetpspdrdinb eetoping apoatdui Cozid
carries a first additive A-l through netering
connections 251, 252 and 253 can be, for example, electrical, optical, pneumatic, or

Q

.-(

fluidic. The control system 250 determines the composition of the lubricating oil in the
mixing chamber 212 by regulating the amounts of the respective lubrication oil
components (i.e., base oil B, and additives A-1, A-2, etc.) metered into the nozzle
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 oil 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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apparatus 203 and into m xi ng chanber 212. Conduit 206
carries a second additive A-2 through netering
wappanades 205 and into m xi ng chamber 212. ASPOIES2004/035875
skilled in the art would readily appreciate, while
only two additive conponents A-1 and A-2 are shown, it
shoul d be understood that any nunber of different
additives can be individually nmetered into the nozzle
assenbly 210. The netering apparatus 201, 203, and 205
are each automatically controlled by control system,
250 e evept baidighyigoosity soraranents greeiig med solicaiipg wait such
t he appropriate progranm ng and control connections 2
aszgilediregis2age Hegter dbheanrtiedsed ingaise Herterhpasityreadfshe epnurements
respective metering apparatus. Control connections
ang3hierelpsRwanthez 5Bcosty thenprbvs fled flopt. dleatihg obits @alajternatively
optical, pneumatic, or fluidic. The control system 250
bedehe¢ation @sitd (egs.,dorRIOBIotven) radiaitiveils, Wb eorciatiisicheatedrs, afid can be
the m xi ng chanber 212 by regul ating the anmounts of

ustd & Keab RBCHarMT thd MyEteMmat00 et 1Riihg G BRSNS slppliss iB bas eA_z)
oil B, and additives A-l, A-2, etc.) nmetered into the

th&#uRs BRI, Y0 1le nffeihn aﬁbc{r%u%l\gz? 1 ,3%({33 ggg)sthg %ggé ?,ﬂamb er

and 206 are térm'nated w th one 207

21@”511(]%}%h%fnﬁ%9>?%¥3ﬁ1\6§|2¥ gas. yent backfiow of the

er “con é event t hat pressure in

t he RN er. 212 ex res n.the
con C&n‘%’rﬁ 8%%@5@%‘9%‘31‘5 BT sieh fusdlfhpegion
e h var pus nmeans. For exanple, m xing unit

2133 ﬁoa bl ol r?Sﬁw&ﬁrOe%apr&FsurWéce& S AS ppressd gas.
ul trasoni c probe. Optionall baffl es 215 can be

AS TREHDES Bb, SMFriRobes 0B IUBrAIA209 FomvEabask of the contents
m xi ng of the conponents as they flow through the

mntedhey ¢andpiss 209 PO, and206 if e peesswte withan theinglkingichambértal2
conmponents are being m xed, a heating unit such

exceeds the pressure within the conduits. Alternatively, the lubricant base oil and

additive sources B, A-1 and A-2 can be pressurized and/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 a 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
lubricating oil composition library. For example, the plurality of different lubricating oil
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
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as coil ed resistance heater 218 can be used to raise
the tenperature of the conponents and thereby | ower
WO b@s044965cosity to inmprove fluid flow Heati nBCT/OBE1084/035875
can alternatively be convection units (e.g., hot air
bl owers), radiant coils, or conduction heaters, and
can be used to heat any part of the system 200
i ncludi ng the conponent supplies (B, A1, A-2), the
condui ts (202, 204, 206), the netering apparatus (201,
2Q3, 205%%E}he m_xi ng chamber 212, and/or the injector
Cﬂﬁg%ﬂi*%t‘eﬁﬁl cating aihrowmpsition Bbrapy: Alirsatiely, Frs systrimmgay be
chanber 212 can be noved through injector portion 2
elgpjricaflycomnested tea signa dgiawgllpntersompeising e wpappieesBapErocessor
source P such as conpressed gas. As nentioned above,
fopsistanagperationead 20nirol RO®]lectrible @089 fipmathe niridua cdsfsl over af
the contents into the conduits 202, 204, and 206 if
extdndedperimilofeinwi tb bompildike bonsbingtotibidThedatind il Q¥HEE &S [iary.
pressure within the conduits. Alternatively, the

| ubrWaidithe BB&®R RbdripBbal cafgth iy §RUREIhBe shctic@BHovMd fot be
can be pressurized and/or the netering apparatus 201,

cod§ried g i i J j '
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orf RSl BUE Tl ALy B SOTH Bisfip AARE embodiments
.col L.ect or . 0.. [ CLOprocess 0 provide a

iR RSSO P o e L RGBT ppeadss berie
array of sanples can then be screened with respect to
sel ected properties and categorized in the
conbi natorial lubricating oil conposition library. For
exanple, the plurality of different |ubricating oi
conpositions can be subjected to further automated or
manual screening tests, e.g., storage stability tests,
oxi dation tests, wear tests, etc., for information
correlating to the actual useful properties of the
conpositions to determne their efficacy. The results
of
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each of the tests can then be conpiled in the database
as stated above to provide the 20conbi natori al
wo adpsioems: ng oi |l conposition library. Alternat POBUS2004/035875
the systemmay be electrically connected to a signa
data coll ector conprising a conputer m croprocessor
for systemoperation and control to collect the data
fromthe various tests over an extended period of tine
to conpile the conbinatorial |ubricating oi
conposition library. Wile the above description
ekt 8 QEAMMED ISheci fics, these specifics should not be
construed as limtations of the invention, but nerely
as elxefymatidddar proprsingfa phurelityrof diffesents dihiricmnttod] fornawletédns
Those skilled in the art will envision many ot her
copmipisuignent s within the scope and spirit of the
i nvention as defined by the cl ains appended hereto.
2 1WA prdvidifl Abddidd ahiSimt. ofAt Ieedt daElbise loil T Bibdichtg Ascosity and a
plurality of different lubricant oil formnulations

me bt 0@ at 18dst BROMbAAE g 8il AB{AVe BTesRbindfiorfl thERARe a
one base oil of lubricating viscosity and a m nor

1uBRMAL o lcobodif@st one lubricating oil additive for
combi Ration to fornulate a lubricating oi
OO @he o Bluig ¥ dhda fyfbural Ty of test
reservol rs;°cy combi ning, under program control, the
maj ot anpunt base oil of |ubrjcating viscosit d. .
o) SR P e R sy e s G St Greghot Tbricating
.conmpositions to provide a plurality of different )
VigeQpey fshIpbricagng o e i V@Wl%}?ﬁﬁ?eg{%ge Spraposifjons to provide a
contai ning each of the different [ubricating oi
rleshiyedidiffeentdubrishiéas oihcanpmosision sampless and, t est
reservoirs.
d) containing each of the different lubricating oil composition samples in the

plurality of test reservoirs.

2. The method of claim 1, wherein the test reservoirs comprise recesses in a

unitary body.

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

receptacles.

4. The method of claim 1, wherein the combining step (c) is performed within

each respective test reservoir.
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2. The nethod of claim1l, wherein the test reservoirs
conprise recesses in a unitary body. 3. The nethod of
W@ b@soi4e2 wherei n the test reservoirs conpri SePCT/US2004/035875
i ndi vi dual receptacles. 4. The nethod of claim1,
wherein the conbining step (c) is perforned within
each respective test reservoir. 225. The nethod of
claim1, wherein the conbining step (c) is perforned
outside of the test reservoirs. 6. The nethod of claim
1, wherein the conbining step (c) conprises netering
pr edet Ehavinpthed pladl g i Weereipdhprombiting bep bl depaformed Sutside
| ubricating viscosity and the |ubricating oi
ofgheltesti rggervditse et eri ng bei ng automatically control |l ed
by a conputer controller. 7. The nethod of claim1,
wherein the conbining step (c) includes m xing of the
base oil of lubricating viscosity and the |ubricating

oi | @dtlhd myBod 8 claiel, Mlehtthecombmip sfep (ONESBhHkeS ﬁﬁtermg
mxing is acconpllshed by static m xing. 9 The net hod

prefetérhh i réspWRRY Bidintsheg tHY lesasu btsluﬁﬁ Lisshed aﬁ)‘[ the
agi tation. 10 The net hod of cl a|n19 ereln’t

luﬁl%a{t11ﬁg oﬁ%d&]ﬂvp rtﬁeslgéte &g{ﬂ%&ﬂ méﬁdaﬁ oltbd b%@gm uter

arm 1 Ion co
C*{ ? sonic agitation. 12. The nethoq of claiml,
er conprising the step of heating the base oil of
| ubricating viscosity or lubricating oil additive or
bot h. 2313. The net hod of clain11 wherein the base

oil of lubrjcating VISCOSIP&
7. The method of claim 1, wherein the comblmng step (c) includes mixing of the

base oil of lubricating viscosity and the lubricating oil additive.
8. The method of claim 7, wherein the mixing is accomplished by static mixing.
T 77777779 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 10, wherein the agitation comprises ultrasonic agitation.

12. The method of claim 1, further comprising the step of heating the base oil of

lubricating viscosity or lubricating oil additive or both.
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natural or synthetic oil. 14. The nethod of claim1,

wherein the lubricating oil additive is selected from
WO b@sge49ep consi sting of antioxidants, anti-weR€T/US2004/035875

agents, detergents, rust inhibitors, dehazing agents,

demul si fyi ng agents, netal deactivating agents,

friction nodifiers, pour point depressants,

anti foam ng agents, co-solvents, package

conpati bilisers, corrosioninhibitors, ashless

di spersants, dyes, extreme pressure aqents_and o

mi xt b eEherpthadat clam 1, wiherejpthp daseoil ofilelirivating weeasty i 2

the plurality of lubricating oil conpositions includes
nagpral @synthefiodl.sanpl es. 16. The nethod of claim1,

wherein the plurality lubricating oil conpositions

i ncludes at |east 100 sanples. 17. The nmethod of claim

1, wherein each of the lubricating oil composition

sanpl 4 sTHeasetodvatlcluif 10ivhaRin e RibkidahgaloAdditRR istelecldd. from

The method of claim1, wherein each of the |ubricating

th@igtoup QERRSHNk o AntARhRSalieFe ayitd r@i@te%?nﬁ,omgﬂhﬁibft&%n
about m. 19. The nethod of claim1i, erein each of

AP BT CATPAS L G RTEA D LIy o
PR g LB PSR 8 osor
R A T

nmet hod of claim 1, further conprising storing
i nformati on regarding the

15. The method of claim 1, wherein the plurality of lubricating oil compositions

includes at least five samples.

16. The method of claim 1, wherein the plurality lubricating oil compositions

includes at least 100 samples.

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

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

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

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

19. The method of claim 1, wherein each of the lubricating o0il composition

samples has a volume of no more than about 10 ml.
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identity of the lubricating oil conpositions in the
plurality of conbinations of |ubricating oi
W@ 044962 ons i n a database. 23. A system for PCEPS20040B35875
a plurality of lubricant oil fornmulations, under
program control, which conprises: a) a supply of at
| east one base oil of lubricating viscosity; b) a
supply of at least one lubricating oil additive; c) a
plurality of test reservoirs; d) neans for conbining
selected quantities of the at |east one base oil of
| ubr® akhedpcthedkelsdaiml, whereinseach of the lehuieating ¢ibeorppositipa
at | east one lubricating oil additive to forma
saiplgsdias & yolgfmelof b imwae thay abdut Sednposi ti on sanpl es; and
, e) nmeans for dispensing each lubricating oi
conposition sanple in a respective test reservoir. 24.
The system of claim 23, wherein the base oil of
| ubri1c atbiengethd BSeredditnyl, fisthdr fethptisalg e@t&lyﬁfx‘l@t‘cﬁ@%hﬁaﬁ%} of:
2525. The system of claim 23, wherein the | ubricating
;mgﬁ&mgg@ﬂbbﬂgoﬁﬁmﬁelected fromthe group consisting of
anti oxi dants, anti-wear agents, detergents, rust
i nhi bitors, dehazing agents, denul sifying agents,
nmet al deactivating agents, friction nodifiers, pour
POi nfy 4FRLESRANIS AN REARM A AGESr GO BLNENE S aing the

package conpati DiTTsers, CofrosroMm

.di spersants, dyes, extrenme pressure agents.and ..
iafpelf §F B8 epiep ol ooghp n%@@ﬁ%ﬁu@fﬁyc FOmPIRR oS lppripating
.Lhe test reservoirs conprise recesses in a unitary

oi mosmons 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 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 lubricating oil composition samples; and ,

e) means for dispensing each lubricating oil composition sample in a respective

test reservoir.

24. The system of claim 23, wherein the base oil of lubricating viscosity is a

natural or synthetic oil.
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27. The system of claim 23, wherein the test
reservoirs conprise a plurality of individua
w0 e@spt#ect es. 28. The system of cl aim 23, furtP€r/US2004/035875
conprising a conputer controller for automatically
controlling said nmeans for conbi ning and neans for
di spensing. 29. The system of claim 23, wherein said
nmeans for dispensing and said plurality of test
reservoirs are novable relative to each other. 30. The
system of claim 23, further conprising a conputer
cont4%l Thegysiemef clatm Apdresain theflohricating pil additied isseleeted from
quantities of the base oil and additive for mxing to
the geewp ¢endistimg lofi Bntiaxadantspinti-wearph@ds, detefgeatssyst inhibitbrs,
claim 23, wherein the nmeans for conbining conprises a
dahbzieg ageB63demilbiéyiny sgenty, mEtatdactivatinglagemsd, firidtioa MoK Bers, pour
is a baffle-containing static m xer. 33. The system of
paihtaiepresshnts\Migif@inting BEenfs, ¥LEolVénts pAoke B rtibaisbrs! ®frosion-
34. The systemof claim, wherein the m Xer is an
inkiblth:858RleSs dkpeRdants3dyes, iiGeRY ple8ith Ol gehlsHnMing Rrurdshd DG
conprising a heater.” 36. The system of claim 23,
wherein the neans for dispensing includes a m xing
chanber and a nozzle extending fromthe m xing
chanper, the nozzl e rmnatjng in an outlet.opening.
Chr ORGSRV AR Ch G o TR Efest BB e foatprisk Fpeeageim 2
re . rejected. 37. The system of claim 36, further
mﬁ%@ﬂﬁ%&ng means to pressurize the mixing chanber to
eject the lubricating oil conposition sanples. 27

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 controlled metering
apparatus for metering selected quantities of the base oil and additive for mixing to

provide the lubricant oil samples.

31. The system of claim 23, wherein the means for combining comprises a mixer.
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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 extending from the mixing chamber, the nozzle terminating in an

outlet opening through which the lubricant oil composition samples are rejected.

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

chamber to eject the lubricating oil composition samples.
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